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Abstract

Kim, Jong Hyup., (Div. of Biology, Atomic Energy Research Institute,Korea.;) Studies on
the Cellulor Metabolism in Microorganisms as influenced by Gamma-irradiation (III): On the
Changes of Free Amino acid Pool and content of Protein in Yeast clls irradiated by 7-ray.

1. The strain of Saccharomyces cerevisiae had been cultured synchronously in aerobic condit-
ion and irradiatel by gamma-ray from the source of cobalt-60. Drying in vacuum oven at
90°C over 12 hours, then changes of protein content(Kjeldahl) and free amino acid pool have
been assayed with use of spectrophotometer. Results obtained were compared with those of
unirradiated normal cells.

2. It is proved that amount of protein content in the irradiated cells increases to seven
percent more than those of normal cells in the same weight of dried samples. It seems like
carbohydrate breakown had been stimulatedl by irradiation and that relative contents of prot-
ein shows higher values than those of normal in the same weight of samples.

3. The amount of free amino acid pool in the irradiated cells shows less value about ten
percent than those of normal cells, and rale of decreasing is also weak than those of
standard reagent solution of amino acid. We may assume that free amino acid pool would be
protected against radiation damage in living cells and more stable than in vitro.

4. The component of free amino acid pool have been assayed on second dimensional paper
chromatogram, and the identified amino acids are as follows; aspartic acid, serine, glutamic
acid, cysline, lysine, glycine, threonine, histidine, arginine, tyrosine, phenylalanine, valine
and leucine.

5. Distrihutional presence of free amino acids are identical to that of normal cells except
arginine, it is cosumable that radiation effect is univerlsal to all amino acid. Howecer it is

obvious that there are differences in radiolabilities of amino acids in irradiated cells.
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b Tabel. Culture media for yeast.

Peptone ...c.covavemvrnerarecnnenes 1.0%

GlUCOSE evrvinnvrreereriacrnsianss 5.0%

Yeast €XtraCte..ceeecerrenrenreess 0.3%

WOt cvueeerinerniariresninsenins 48c.c.(Bg. 10°)

KHPO4 «oeeereeerieremienerons 0.2%

MgSOs cerenerieeeeeiinniian, 0.1%

Distiled water.........coevvenns 454c.c.
Total.vveveiiiriiiieenenne 100c.c
pH.=5.4,cieeiniin 15LBs, 15min.
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AA 4 roray R 2 A3t

r-ray o HEN

r-ray o W&te ARETHHELA FES ] A=
Panoramic 7-irradiator, Cobalt-60, 1,000 curies &
et e, MBS 200,000 rentgen o] 4+t
o] smE-o EERES endogenous respiration ©] 5%
48t dose o] e}, ‘21

Free amino acid 2| fractionation schema.

B (rray DBSTE B BEES BEKE H
B i - W84 vacuum drying oven o) A MZE
w1 (90°C, 12hrs)dl o=l Higy HEME 1.0g #
BE4E, 10f249) 80% Ethyl alcohol 24 Reflux
condenser & wa  boiling(30mins.)3}e] Ethanol
solnble 91 Free amino acid & #iMistgd =t B O
WL 0 &S active carbon o 24 FRHiHE WHE
348, Ion-exchange resin(I.R. Amberlite 120)%]
column -& @B@AA, Amino acid & BeFHA .
B #% = Amino acid = 2N-ammonia water 100c.c.
24 g4 2~3c.c.? HEo s BEHARAS ) B
& Heating 8t} ammonia & RBHRZELE,
0.2%¢] Ninhydrin-buthanol solution &.24 7 73/
boiling st A Feg A BEES HEES
9 k@] 8o, e fdR M-t
H—-Ager =3d4 =gl BEBES
Spectraphotometer Baeckman B type, 570mg 2] 7%
Fol B Wkgrs wiasta, =y ¥ 168
standard amino acid 9] standard curve o] A F=o] A
Total amino acid 8] &#&<& [heeE& 39 o} (Fow-
den, 19511415)

DRREE HB2A
(Satake, 1655¢19)

Total Nitrogen 2| ER

Vacuum drying oven ¢] 4 #4435 RS FHE
HIREN 2 1.0g & FE 3o Micro Kjeldahl method
o fk3o Total-N #&-& pszstg =},

Free amino acid | paper chromatography.

vhepdi e & Fig 130 g2

Ton-exchange resin & @#Al A4 94-2& Free am-
ino acid & rhambda pipet 24 —iZ &R Whatman
No.2 J8#4E -] spotting §+4%, phenol water(—zk),
Butanol, acetic water(—%)2] BIEE HAE3 —x
em LEEoez AR EHEA Buse

JA#sta, 0.2% Butanol-ninhydrin  reagent 2 4]

" 100°C, 5 B e At
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Fig. 1. Fractionation schema for Amino acid. (Free from)

~ Yeast Cells.
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«——Unfiltratable.
Residue

Dried cells.

|

|

¢ Hydrolysis.

| (HaSOy)

|~—Micro Kjeldah! method.

|

Protein

Base & Minerals

Filtrate (F.A.A.)
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EEMNeR Mg WS .
XegER
1) Total Nitrogen 9| & &%k Table.2 & v},

Table. 2, Total-Nitrogen, in yeast cells

influenced by 7-ray.
(mg/g. of dry wt.)

N Nm ogen
Total ’Percentage

Expt Total-N Prot em Remark.
~ A - | [ (mg) (%)) Micro
R-,A. | 69.8/  436.3 100[ Kieldahl.

R*A-. 7. 2 4575 105! "

R-.A% ‘ 74.0l 462. 4 1000 »

R*A* | 789  493.4 107, n

% R.A"....Unirradiated and Unaerated in saline aq.
R*.A-....Irradiated and unaerated in saline agq.
R™.A*....Unirradiated and aerated in saline aq.

R*.A*....... Irradiated and aerated. in saline ag.
Irradiated dose;200,000 rentgens.

‘ 2N. Ammonia. aq.
Free A.A.

14—B01lmg. (Ammonia.—)
Free A.A.

I «Ninhydrin reagent.
Spectrophotometry.
(Optical density.)

2) Free amino acid pool 2] SE¥{L= Table. 3.
7} e,
Table.3. Changes of free amino acid pool
in yeast clls irradiated by 7-ray.

(mg /g dry wt)

Ih___ ; jree aaré}(iix;o— Percentage
R™.A-, 414. 6(mg)I 100(%)
R*.A-, 386. 3 I 93.2
R~ AY, 424.58 100
R* A*, 385.4 90.8

% R™.A~, R*.A~, R~A*., and R* A*., are shown

in Table.1. Irradiated dose; 200,000 rentgens.

’

3) Free amino acid pool £ paper chromatography
= Fig.3. 3 7x},
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Standard chromstogram.
1) Aspartic acid. 11) Phenylalanine
013 16 23 Costine 12) Tyrosine
o oM 15 3} Glutamic acid. 13) Proline
1st o ”—o 12 4 Serine 14) Valine
o 9 olO 5) Lysine 15) Methionine
g 7 °6 8 6 Glycine 16} lLeucine
é 5 °9° s 7) Histidine 3% Color reaction with
§ oo 8) Threonine ninhydrin reagent.
N 2 1 9) Arginine
- + 10) Alanine
e
rn Butanal: Acetic acid: Water(4:1:2)
0 Whatman No. 2 °
16 16
» o o ©
14 14
11 1st 9 11
12 o
TO" O _'s
6 10,
;000 ;00q
:o 13 frradiated 4,
20 o Rt
1 Control 2 01
+ +
pem— Teny
2nd > ———————el 20d

Fig. 3. Second dimensional chromatogram of Free amino acid in yeast cells irradiated.

4) Free amino acid 2] spectrophotometry 2] # 5
= Fig. 2.9 7+
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Fig. 2. Optical density of Free amino acids in
Yeast cells and Standard curve of standard
amino acid mixtures.

R-.A*.,...... Unirradiated, and aerated.
R A".,...... Unirradiated and unaerated.
RYA,...... Irradiated, and unaerated.
R*¥.A*. ... Irradiated, and aerated.

PSR 4 arginine o] yprhvia]  gEgko
¥, ninhydrind] &3 BERES BEkEL wg
o1} Fowden," X7} 473 paper spot & elution
& WA B =,

o2 X
\-%‘/K

K

% ¥

Table. 2¢]4 x5 viel o] MHHHS WS
BRI MRS MEAREKedha-N)-& F—E&
9] ERMBRCEEE)Y et 5~7% et

o] B& B BB E Kl Pro-
tein f7/%°] B It 24 g9, o mHs
BeRiggo]l 2~3 [ saline water 24 P:¥EE Qo
saline water o) &5 o] Q922 2 Nutrient nitr-
ogen source 7} §l& 7}-v A €] Protein 1&g 4
2 g4 e Aol

OBCHRRES ] ke Aol B v Hy
E fe.

200, 000 rentgen LI'F9] #Etol A endogenous re-
spiration o] jE& N A1 A o2 o} carbohydrates 7}
FREE A BREAdHL 25 dow, Mg
#Higo =2 Hiled #MMEAY carbohydrates 7} ##g
2 e Aol ohg FEY Ao vt (Billen,1953)

weld BEEEC BHECA 9% BiEE
bl A RS BAIE B (mg. per dry weight)#9]
carbohydrates 9] & E35d] {3k 7o)t}

RSt RS Bk Hald gRERGE
RE AZ-2)E s %L protein Be] 8% MK
fgo = ukokeh B PEWS] {3le] carbohydrate 7}
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wel WRYE(RHE) 7} protein o] B z o]t}
HE= MMCT AEHEE s dos = g o) g
fnstE Aol =t (Caputo,1960, Kim.1967'21), (Ontko
et al 19643 )

200,000 rentgen =] HAT IR o) 4] =
4] BOREO == ozl o
- enzyme activity 7} 200,000r. o} 4 £ ET
e dezE 35 9 Aol

Free amino acid pool o] ¥i2F fstsrimgte -4
T BHE HAKY A %k sESGA e
B) Fig.2 &} Fig.3el4 v upol o), HEE(H
BRI Hdd free amino acid o) Be m5
93.2% 9 90.8%= HAI}n ek, RYA-Be
B EAE, MEMEERS A7)0, RYAY,
© BETRRIASE FAEERS 4730, RYA-
2 RYA* S H= 0.2% 3R] x|
(389. /385. 4 X 100=100. 2%).
pool = IFREE =4 BiED o] oL = 9l
. Free amino acid pool & #(ktso) B A=
A w4 43 $de. A4S amino B
B2 8= G.D.H.(Glutamic dehydrogenase) <}
G.O.T.(Glutamic-oxaloacetic transaminase)& 9] act-
ivity o #nz KE amino %o HAE Eg =},
(Kim. J.H., 1967, #0 Albaum,1960). %7 & Radiol-
ysis (BRAHLBI ) 2 JH s Amino B9 DHRBER
o] #, Shirai,(1966)!® %= Standard reagent ami-
no acid o] JEAEHK-E 270,000 rentgen d] 4] 3797}
Wbt 8w, Tappel & (1964) " % free amino
acid, (standard reagent)®] M4 & #5fEsta SlEt,
28 ERAES EMEAS free amino acid 7}
ehol ot {LEMMY KBS HME=z dg= A
o2 ggAel EAdE 2, Kk data
St MED b A 2 EhE EEa 4
MIKEA A free amino acid 7} 19} BeEs] Qi {
Bes REDEE v Aoz HinsA, o
2 HatanoEg (1967) ] Electron Spin Resonance &
SR AMHES M w2 radiolability (g4
TRE) S B{LBgee] A KBAE = Egol o},
Shzbo]l 4 A+ ¢ 200,000 rentgen o] FstE =} 4
MM Bo® weld 10% 219 Byt g
dE AL o358 Estn »elal . amino acid
o R SEERE A M B [Ef peptide &
BAE AAETE Yedl, o EAS [E# peptide
9 Bre W%, %E BESRo 2 44
7|7 "k amino acid HEEE 5 MY TR

o) B

3} %)

OF .
\.%-'t' .

Bl free amino acid
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Sle == Digestion process(HBR )& st
€ Aeloh. {Efk peptide 9 amino acid 99] radiol-
ability 7+ 22| Feba @ebel = E8 peptide g
Srigste]l 1 radiolability & Bz Bt @
Aol KB 2 BB = T3 HEggA e
Z 2w}, (Akabori, 1959 42)

Free amino acid 2] Spectrophotometry o &} o)
H43}H-, ninhydrin o Feaigeed) R4 4=
= HIRE 49t B amino acid ¢ 8ol 1ml
HAHCES 10pg LIT Aol & water batho]4 st
A4 HEeEao #ow, heater -] 4 104
BE REFH boiling stol oknl Feno] oy U
25} color density B maximum oz H 7] $) 8t A4
£ boiling time & JEFES] i} of gt Ao
t}. heating time o] ®el4 ®: amino acid 9] &
& el color o density & s gafrstA 2
23] = A o) gt

Amino acid & lon-exchange resin 9] column 9] &
@A) A o] & flowing speed 2} resin volume L. B
& BHE vEl e B sample g o et

=7

resin 2] volume ©] .o w.6. amino acid b sk
A, =T wmew e el sk o]
=},

Amino acid 2] Srge] 910]4 Strensen #9 for-
mol titration & B Hga}o] Aot EREE 9o
4l Spectrophotometry & W =x] 2g mal ool u},
(1,000 pg/ml L} F= BIMAEE) proline, tyrosin,
arginine, lysine o] Wif=) 2] £¢to 2 HEEES
FRT] el ] Eatm ) olv}. Fig.39 standard
curve = 16%f2] free amino acid (chemical reagent)
mixture 2] color & optical density & Wogg A
olvh. BEIEATS] ERIMIE YU RILSE free amino
acid = Fig.1 #+ 72 fraction  AAA ¥y
# e}, Ninhydrin Jgpee dto] o g nge
optical density %  absorbancy BA M a-
el pg/mlE{7e &8-S reading 85 v}, (Fow-
den, 19514

Paper chromatography & i} gt free amino acid
o EHERISHIAE-S Fowden 3w o) skl g
9o, chromatogram -o —Z] 4 Phenol: water
(4:1), =zl 4 n.Butanol: Acetic acid: water(4:1
:2)2 Whatman No.2 }-o] 4] JEBRB T EEray
9] free amino acid #1/%-o map |4 4 Aspartic acid,
Serine, Glutamic acid, Cystine, Lysine, Glysine,

Threonine, Histidine, Arginine, Tyrosin, phenyl-
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alanine, Valine, 3 Leucine %¢] 13%°] #78 4 =} chromatogram ko] Bz JeEv: BRE X
HHBRRTY &R-E Freeand & Gale, 1947, 7, B 0.3r(0.3pg/ml)LI 9 o2, arginine 3} o}
Stokes and Gunnes, 1946, 1® Lindan, 1951285] wREo] vebvbA] gsket Sty mEleE A
sl e A gt HEBEGERAE) S REES Bae EERNERE oHE + e Aoz 4%
Rl SlolA EHAELE el EEHED A % v}, original spotting & #&-2 #50r ol g =
arginine o] 1}E}v}#] 9ot Bio] T}, arginine & el A Hate] $MA free mino acid pool <)
Shirai, 19668 K] k3l KMo thiFped] e BEe od ®Agd HENoR fEHNE A
Baeta stea AmBadA KkiomaEe) og oloju vl amino B el AHA AL Y&
A BB e s ERMNCE BET SE A ot4ole}, E HMMML HEAS =E amino acid

Koz Hwo] Free amino acid pool & 28 o PR S MM free amino acid pool 9%

o= Bo] BASE Ao 4Aseh B B AEHd kT B dage AL ¢ Ade
f=% Control B MHES] M#Fold EHA #olv}. (Shimazu and Tappel.19641%,  Shirai,
o2 AfmEs RARel ¢l #Eeoleh. paper  19667%)

b ®

1. BEREH(Saccharomyces cerevisioe) M1S FFMLH LR, rray & Wifstel gAlsla, WiEs |aR
# (Kjeldahl-N.)s} Free amino acid pool & (kL& B% 34 .

2. BEREEEY BEAEEKyeldahl N)& H—@EEY e o4 BEREAES Madd 9%
gofe}. o]AL MBRS BHRE WA carbohydrate & 8o] HRBER Y o Hidtdd = FHHAE
o] g+t

3. MY free amino acid pool & WEHEEHES zlo] BEE y2E 9% Bt 2 B
SRR WHARS EREAAE #BFsta] gheh. =El4 amino acid & radiolysis 1} enzymic degradation
o #EMATE Aol Free amino acid pool & AMIEN A REHFAE T R4S i

4, BRREEEAEMLE 9] ethanol #HH g free amino acid & ion-exchange resin(l.LR. Amberlite 120)2 &
s}e] A= 2, spectraphotometer 24 Wk -E LS o}

5. Free amino acid & paper chromatography 24 BBRAI 7l 2 o FTHKN SHKE-S BRIy 1389
amino acid 2 FEH3tY ek, o FEXEE Aspartic acid, Serine, Glutamic acid, Cystine, Lysin, Glycine, Thre-
onine, Histidine, Arginine, Tyrosin, Phenylalanine, Valine, Leucine o] g v}, 4K SIR BBES M
Bl A °]5 amino acid 9 Ffie FA—3A BER=Qor=m, Free amino acid o] &MH & amino B2
frd] A4 o)t Aoleh,
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