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2. ExupEn o ig%jj—'i : Table 1. Composition of Medium
FHARHIAER-S Table 13 Zow] ujokut Glucose 6.0 9%
e 7] 2% 50n0F 500n K Euek flask Urea 0-45 %
) (NH4)2SO4 ¥ 0-4’5 96
ofl ks ° u Lo 3 E .
ol FiEske] 121°Col Al 10847 AHsH4T F | KH,PO, 0.225%
Be s 300 C°ﬂ/‘1 485 o8- B MgS0. 0.075%
%F(120 strokes, %% Tem)sldrh. = wiok CaCl, 0.015%
A7k & 3647k glycine 0.7%, glutamic ZnS0s- 0.015%
acid 0.7%, Cysteine 0.7%& E3ls}e FeSOs 0.009%
okl o) 3 Astgiet. . MnSO. 0.006% .
. C.S.L. 0.2 %
3. #i% meE Molasses 0.2 %
pH 6.0 %

% 100n0E 1059 3,000r.p.m. 0.2
AAEEE F 2eln FAE 542 19
10.85% EAGFE FAT F 105°CAA Fko] B w7 AzAA ARe] AZEA
Fo syr},

4. Glutathione %8

EEWE 3,000r.p.m. oA FI0EZ QAR T LeE HEE 0.85 5% BTz
23] Aldske) EWHE 10%2 AAZE. o el g 95°Col A 587k water batwoam
glutgthione% R F 25% metaphosphbfic acjd né ’735%}.31 SHFE 10m A A2
aikste] EgEtgrl.

o] EF4£ 3,000r.p.m.ol 4] 1087E %”&%EI"P# A%ae As2 s Alloxan 305

}‘%3"01] o3 glutaj:hione zgg—a}giu} | ‘

5. Paper chromatographyo| ©|3t Glutathiones 3

Toyo Filter Paper NO.54 o 1] & x]—%-',} 37 o 94%]-0% n—butanol‘:y acetic acid: water
(12:3:5 V/V)&] gulAl = 74 A g 3 31 7E 30°Col A AxA7] F 0.2% nmhydrm acetone
— 56 —



Rhodotorula glutinis® Glutathione A:ZEo] BT Bz 3

Lol & o A of] EFEe] 60°Coll4 30E7 o Hl“—é*ﬂﬁ g 2% ﬁinhydrin-acetone 4
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B qFAAE e e HET AY %}w. .

1) sk B 100E ARHR T 0.85% AP49FE EHEE FAT T
28 sbabe] 10% A g BT 05°ColA 587 ok gmat g o, -

2) Acetic acd sl 0%/ZALAAE HE T 070 147 AT o)
sekl o m =B Acetic acid (1:3) TFA-& AHgshgleh.

3) 25} ;cg;,ngg gy 20meo) FABIA R vitamin CE okl med Ing AT F
20Keo| A 1587 28945 ZAse] R 2 a5k g & 239} s} 7] = Schoeller,
Schall Ultrasonic Disintegrator(Model TG 125)% A-&31410}. ' ;

4) Sulfuric acid fHEE: HEKE 10nE YA F0.85% A 4442 AEFAE
gt 3 0.1 NH,S0, 8 o 50% FAslgadg qghE5 40°Cel4 2083k A=atgleh.
" 5y Acetone FHIE: K 10m0E AARAR F 0.85% A9 TE BRTAE F
A B EF5 Acetone(l 3) T3 o= 50% B & 40°ColA 1417 AR
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B2 glutathione HHIYEE on e 2 s SECIECERE L5
A4EF 4212 Dowexl-x2(Cl7)9}k Dowex 50w-x8(H")olodel.  HHE 55 Rotary
evaporator( Type 51111)& AHEslg . RE 232 Fraction Collector(ISCO Model 1,200
pup)E AHSHETH |

NAD ¥ B Buffer® 0.05M Acid-Ammonium acetate(pH=4.5)e]® glutathione &%
£ NaOH Solution, H,S #4343+ kipp ZAE AH-&etrt. '

2 BRTES thesh 2ot
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PURIFICATION PROCEDURE

STEP 1: CULTURE BROTH

: {
GSH EXTRACTION

{ Dowex 1-X2
STEP 2: (NAD+GSH) SOLN.
pH 2.5 )
Dowex 50W-X8
0.1, 0.3M-NH.CI
0.05M Buffer

NAD EXTRACTION
l Washing with Water

Extraction with IN-NaOH

It.

1. Gliltathione

D
2ERM

7_])—

218§ glutathione
Spectrophotometer® Optical Donsity&

" (pH 4.5, Acetic acid-
‘ Ammomum acetate)

STEP 3: GSH EXTRACTION
{ pH 3.0
ADDING CuO (40°C, 10 mins)

CENTRI%‘UGING

WASHIN%G '
SUSPENSION WITH WATER
DECOPPERING |
CENTRIE%UGING

{
PURE GSH EXTRACTION
| 509% Tt-OH
CRUDE GSH CRYSTAL

3% GSH(Glutathione)-

STEP 4:

=X}
-~

BRE YU En

rxw e Alloxan 3053 23 ﬁ}:g} 305nmel] 4 Bockmann

27 5Le] glutathione j:zr- AL

ﬁE}(Fig.I).

2. BEEH

0.5
B A . .
g o 1) Gl ol B
3 0o Bef3EReS] glutathione %3718 <18
.. SEAFE AL AR 2F 25
3 5% 9ol word Ask(Table 2) Mg:
& o]
Table 2. The Effect of Various Metal
‘ . . : . ions in the Culture Media
) 2 40 &0 80 100 : .
Glutethione (ug/mu'_ Metal ion D.C.W.(mg/(lze) GSH( png/mty
. ’ - None B VY 143
Fig. 1. Standard Curve of Glutathione MgS0, - TH0 21.3 182
Standard curve obtained by the Alloxan “305” CaCl, 18.7 179
method is showing the relationship between ZnS0, 19.2 162
optical density and amount of glutathione in - i/IESS% g?, iig
’ Mn s
the Beckman ~ Spectro-photometer at 305nm.’ KCl ! 20.9 136

Standgrd pure glutathione was obtained from

Merck.

Fach metal was added 0.019% to the basal
medium in 500m¢ baffled flask and cultivated
at 30°C on a reciprocal shaker for 48 hours.



Rhodotorula glutinis®) Glutathione s BT BE 5

182¢9/ut, Ca**t 179ug/nt2] glutathione @@ b gom K™% glurathione §%5
ol sl sist. |
Sasaki $9& Zn* £3+% Ax3e gluathione FH571E shg ot LAF AL Zn*2
a3k glodst.
EE Mg 0.05%, Cat?: 0.01% 93 S5/} /842 glutathione 3H-&
Aastes 7AeE vhebd 9 =H(Fig.2,3).
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Fig. 2. Effect of Concentrdtions of MgSO.  Fig. 3. Effect of Concentrations of CaCl,

Metal ion was added to the basal medium and
cultivated at 30°C on a rgciprocal shaker for
48 hours

Conditions as for Fig.2

2) Methionine®] <3 -
7} 2.8 =] o] methionined 7t FEH 2 5‘4 7}s}hed glutatmone g ‘zg 251 72 3} methionine
2.5%10°M #744 39 glutathione $%& 2k, FdrrEuck vErdAE glua-
thione &¥Fo] 7+43tg=vl HF 5% methionine 3 S Aost =R Aenr} 2w
glutathione §3F& Jepich 2wt vF gl o, # 5% ¥ o] methionined At
go] 166ug/nee] glutathione % Vebdsts Lwsigicth.
methionine A 74 Az Fig.49k 7.
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e
oE,
o
o
frt

ol
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E=S
} %‘F%%—"% zaf’r glutathion sheko] 108ug/m 2 AR FEetdon 285l 239 A%
T 197ug/mE @E23s oy 25T ngoer sk % 160~168ug/nt W2

Zg4-g o] dstr(Table 3).
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. 2 ' Table 3. Comparsion of Various

i ' : Extraction Metheds

-y F Method GSH(ug/mé)  Ext. Ratio
o B Boiling Water = 198 100
E’ § Acetic acid 166 - 83.8
f‘; 15 Ce—6  Glutathione . ) 160° Ultrasonic ' 197 99.5
0 s < DLW 1 Sulfuric acid 168 84.8

T | Acetone 160 80.8 -

o 25 S 0 15 3
Methionine { x107M)

L Conditions as for each Extraction method.
Fig. 4. Effect of Concentrations of :

Methionine Conditions as for Table 1.

- | = 94 9 225 332 AA2AE 3
Methionine was added to the basal medium and Al e o 3
: = 220, o, =
cultivated at 30°C on a reciprocal shaker 48 £ A3 EEFET 95°CAA 1582 A
houts. , ; CEl4] AR ok 5 g =} (Fig 5,6).
2?0—
220 % 190_ )
- 5
;Z’ -g 180
2w S
’:: S
g - ng
e TE e - - pom— 0 5 1w 15 20 25 3
K | Tempanstura (%0 - TMos fmins) 000000
Fig. 5. Change of Concentration of Fig. 6. Change of Concentration of
Glutathione in Various Temperatures Glutathione in Various Time at 95°C

Conditions as for boiling water extraction Conditions as for boiling water extraction

method. Time was fixed at 5 mins. method. Temperature was fixed at 95°C

281} Chibiro ¥ 95°Col 4 537k gazssle 2& AAE ool
¥ Zhy 5% 45°Cel4] 3087 g3zl sl glutathione $E4EL E9x) uLob A4 o
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FEIE AES A3 Table. 49
FE5E] 218ug/mE AR gz,
0
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Table §. The Effect of GSH Extration
in Various Cycles .
Kc Treatment(min) GSH( 29/ mé)
10 5 63
10 82
15 - 127
20 101
20 5 92
10 136
15 197
20 146
30 5 133
10 139 .
15 187
20 136
45 5 142
10 136
15 203
20 198
30 5 170
10 168
15 208
20 202
50 5 172
10 ‘196
15 218
20 201
70 5 180
10 - 196
15 198
20 173

Ultra sonic disintegrator for glutathione
extraction was used model TG 125. Amount
of glutathione was determined by Alloxan
305 method.

= o FE4Eol 218uy/mE AR FFE-
st

wl2}4] gutathione A &224S ‘0471 3
st A FFEYS 2849152 g

H X et g7 SEuly gp} okE 3l A
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Comparision of Various
Extraction Methods

Table 5

Method GSH( ng/mé)

208
218
229

Roiling Water(95°C, 15mins)
Ultrasonic(60 Kc, I15mins)

Boiling Water +Ultrasonic

Conditions as for each Extraction method.

D3 Sulfuric keid
E: Acetone
#1 Boildog ¥eter + Ultrasonic

At Boiling ¥ater
B: beetic Acid
C: Ulirssonic

00600000

Te2

C.1

N

P suthentic

c D Z

Extraction Method

a8

Fig. 7. Paper Chrbmatoraphy of Glutathione
in Various Extraction Methods

: n-butanol : acetic acid : water
(12:3:5 v/v)

Paper: Toyo filter paper No. 54 -

Solvent

Spray: 2% ninhydrin-acetone solution
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4. EEEH

IEE +€H19ﬁ*ymuMme%%o%-4%&ﬂ o] £ B4R S5 FH G o] 58
Se} kgt o] WA 2AL |
Step I Glutathione #H#% _ ‘
2¢ e oF flaske]] i’%ﬁﬁ 500meE 41 7}% 4 1_(121 C, 10&)g+ 3}‘— Rhodotorula glutinis

% F3ale] 30°CollA] 4847k A EFejekst & wiokl & A FEu] o 2 glutathione s F
%3 N (14)S Rotary evaporator® %33}d glutathione 5N (132m ) Agck.  o]a

glutathione®k-& 237mgo) D}",, ‘ ,
Step II: NAD$} Glutathione £+
A% nuwcleotide 2 &K 5 2T EE FAAAAZI Hoke] o0& Dowexl-X2 £
2 BT Column(S/BOcm)oﬂ E3AA ¥4 glutathionest NAD gH-§-8 (408me) S o
gou o] glutathxone*" 218.5mg, A A 3 4E&-& 92.2% Q).
o] gl A4 (pH=2.5).0 2 §F & Dowex 50W-X8 oFo] & m3t4=2] Column(5 X 30cn)
o) EFAA NADE =2 2o 3470}, '%X] ol glutathione® Polypeptide®] 0‘}@ = &8
SAA olste pHel 4 Fabae] FbshmE X Ee] FAH. o] Fx2E 0.1
MNHClE 1% 44 % 0.3 M NHCl2 %3] $4% £ NAD$} glutathioned 54

717 $18ke] 0.05 M buffers 43¢ pHE ¥ol®d X3¢ shale] ztastmz NAD
kS350 AARG. '

NAD % fraction 2710 o 4$-2°] 4&=gex NAD 4% Column chromatogrophy
A3hE Fig.83 2.

Step III: # Glutathione ffc}—ﬁ—"l,‘

1 glutathione €%-& 38l +x%& ==
£ FE8 £ 3 0.01N, 0.1N, IN, 2N-
Los NaOHE 4 %6 E3AA glutathioned
N 32473 $48 FAd AYAA 25
% glutathione £%-¢  IN-NaOH A}-8-4] 713

o - 20 e 5 z3lgl o= Column chromatography %z}

Fig. 8. . Column C;:c;;;x:rram of NAD on. <+ PFig.93k Zeh, ffg 5% 9abel Na-

Dowex 50W-X8-

Elution buffer: 0.05M Acetlc acid- Ammomum o ) . o o .
Acetate acetate(PH 4.5) _ o] M3t eNyu el g2 Aol = gluta-
Eluted volume: 5mé/tube
Flow rate: 1mé/min
Volume of resin: 5X30cm . Fglen B §% glutathione? 8547

OH g°fo] INBc} o™ glutathione 3|5~

thione 3|F§-8& ZF78Hx] gty B3

—_ 62 —
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% B S G E x}%—s}«c:] glutathmneE L& 0F etz Rudhgs wf L AP 4
5 IN-NaOH Ag-4) glutathion §-F¢] 713 £9v}.

. Q.9
0.018 - .
e € famm Sk uux*- voom M
1.0f ) e
Q7r
| E
0.6 o
i=3
~
E 2 05
& o 13’
b * B
> &
EERE by 03F
13 o
= Q
o 3
3 0.0 & ,
& 0.1 ‘
005
0.02f .
. A " d A~ -
o 0 % 0 ° 0 20 30 40

Praction Mamber Frection Nanber

Fig. 9. Column Chromatogram of Glutathione Fig. 10. Column Rechromatogram of

on Dowex 50W-X8 Glntathione on Dowex 50-X8
Elution solvent: Various NaOH solutions Elution solvent: IN-NaOH solution
Eluted volume: 5mé/tube Elqted ‘volume: 5mé/tube

Flow rate: lmé/min Flow rate: 1mé/min

Volume of resin: 5X30cm Volume of resin: 5X30cm

Fig.102 IN-NaOH £%3%3%-¢ Column ‘Rechromatography 3 & A7z AAY 99 peak
Hag dgen ¢35 2o A5E 4 glutathioneo] §%%9&% el z g2,

o] wAe] AASFE-E 74.4% 2 glutathione F-E 176.3n50] 91}

Step IV: $5% Glutathione FHR-<%

i glutathione gHf-8 o 2{EHEA{LEY CuOFE A 7bske] 40°Cell A 1087k E-g-A1# gluta-
thione-Cud-e BAR & Aeow Waste] kipp FAdl Aste HSE A7 RWT
= gABeste CuSE AA EEls glutathione Tfref-& o glet.2?

olu) A B EE-L 49.3%0] = glutathione k& 116.9mg.0 2 Stepd R A| 5|58 o] 66.

w

oz iy 5200 RASSE T7.0%ET % AL FEHe Age] g TEFL]

glutathione 548 Lo ¥l FEFA L A7sh s HE Aoz 44=HH. &

2Ad AAsFEE FAAAI ek AF chelateAl S & 7}sF A3H(Table 6) sodium
02%

bt W AF AAITEL 5. 1%, J_ A8 A STE-E 76.8%

gluconateE 0.
rRAnel 15.8% F&$4-¢ 255H(Fig.11)
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Table 6. Recovery of Glutathione in ®
Various Chelating agents
Kind Conc.(%) GSH Recovery(%) E;,o I’W/\\U

None C— 66.3 ; : ) .

E.D.T.A. 0.02 69.8 g

‘Phosphoric acid 0.02 . 68.2 w!'

Sodium Gluconate 0.02 76.8 : 0 0005 oet 0015 o002 0.04 o.;@

. Cotes a2 Sodium Glucopate (%)

Each chelating agent was added to the crude Fig. 11. Recovery of Glutathione in Various
glutathione solution to removed various heavy Concentrations of Sodium Giuconate -

metal ions. ‘ Conditions as for Table 6.

Table 7. Purification of GSH by Rhodotorula glutinis

Step . Total " Cone. of Cont. of Yield(%)' © . Step yield

Vol (mé) GSH( pg/mt) GSH(mg) , o (%)
1 1000(132) 237 237 100
2 408 535.5 218.5 92.2 92.2
3 500 352.6 176.3 74.4 " 80.6
4 47 795.2 116.9 49.3 66.3
Final 147 921 135.4 57.1 ©76.8

= 58 glutathioned 2os}y] sl ‘pziper chromatography-& 5 23 Authentic Rf
Z32ek (RE2]=0.24) d=5tgdek. 2 AAZHY FAFE-L Table 73 2r},

. g 2

— gluathione $H3/HE AT NP2 452 8 AA2AE Axe 2
g3} o}, \

Lo 2=2aA9 glutathione 23718 $18 FFe]eov: Mg 29l Ca*?s} %o
Mg 0.05%, Ca*t 0.01%7 A4z ‘

2.‘Meth10n1ne~§~ 2.5x10°M ¥EZ ] 2=l el A bR 2L A5E Q).

ﬁ\L

\ 1
.[‘—‘;

3. FEWYL AFR(BC, 1587), 28932(60Ke, 15270) A% Fxshelon
F2E3 285 F89¢ 33909 A F3EE dedgn
4 ol emB4 o %osf«moﬂ e zaxﬂﬂssl BT 0. e ety
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Studies on the Production of Glutathione by Rhodotorula glutinis

—Cultural Condition of Extracrion and Pufification of Glutathione—

‘ Ha-Chin Sung

Dept. of Food Technology, Sewon Health Junior Collegé

>Abstract <

Results obtained from a series of experiments on cultural conditions of Rhkodotoruia
glutinis for glutathione production, on extraction methods, aﬁd on purification of gluta-
thione Were' as follows.

To maximize the glutathione content in the cell mass of R. glutinis, aadition of Mg
ion by 0.05% and Ca ion 0.01% to the basal medium was favorable.

The optimal concentration of methionine added to the medium was approximately
2.5x107% M. ‘ (

Boiling water extraction at 95°C for 15 minutes and ultrasonic extraction at 60 kc
for 15 minutes were favorable method of extraction. Highest yield Was obtaingd when
extracted with ultrasonic treatment and subsquent boiling water treatment.

The final recovery rate after purification was increased from 49.3% to 57.1% by

addition of sodium gluconate at a 0.02% level.



