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Characterization of L-Galactono-1,4-lactone Oxidase
Purified from Saccharomyces cerevisiae

Lee, Seungbok and Sa-Ouk Kang
Department of Microbiology, College of Natural Sciences, Seoul National University

ABSTRACT: A partially purified preparation of L-galactonolactone oxidase which catalyzes the last
step of L-ascorbic acid biosynthesis was obtained from Saccharomyces cerevisiae ATCC 26787. The
purification procedures included Triton X-100 treatment, protamine sulfate precipitation, ammonium
sulfate precipitation, DEAE-Sepharose CL-6B ion exchange chromatography, Sephadex G-150 gel
filtration chromatography, and Phenyl-Sepharose CL-4B hydrophobic interaction chromatography.
The optimum temperature for the enzyme activity was about 34°C and the optimum pH was 6.8-7.0.
The substrate specificity was confined to L-aldonolactones, L-galactono-1,4-lactone and L-gulono-1,4-
lactone. An apparent Km value of 0.294 mM with L-galactono-1,4-lactone as a substrate was found.
By comparing the substrate specificities of this enzyme with those of isofunctional enzymes of higher
plants and animals, it becomes evident that the enzyme of S. cerevisize ATCC 26787 is rather similar to
the L-gulonolactone oxidase of animals than the galactonolactone dehydrogenase of higher plants.
KEY WORDS [ Saccharomyces cerevisiae, L-galactono-1,4-lactone oxidase.

L-Ascorbic acid¥®& 4"4 ¥%o], guinea pig Aol A HZ2elA =kt A= L-gulono-
5= AL FEF AEolA SEigk ok 4 lactone oxidase (L.-gulono- 7 -lactone : oxygen
22 ARAET) °]€ IEAEL AR Aeldk  2-oxidoreductase, EC 1,1,3.8)o ojaf Zojzlct
A ArE %dle] L-ascorbic acids #415} (Kenney %, 1976 ; Nishikimi %, 1977).
vh oAb Sz 2AEH 9e 2HE AEe Aol ol D-glucose = 4
(tracer) 2 A28 AFA =l o3l TEHoz ascorbic acidZ #H#=E|+ A D-gulonate’}

D- gucoseﬂ T30 ;{4-7-?211 A]PQ_E,] ;1 th A} %:7‘_}4}%; x(l)lxég]z] o}:pp; ;<4.¢L u:];&L{g] Zu
H4F o4l elarl RELoE Aol v Eglov (Loewus 5, 1971), TAHQ thaluiny

Ak (Helsper %, 1982). < ok Al 9kw gleb, Strawberry, pea
F1e} 2ol L-ascorbic acidd 43H4d 8} E-2o seed, cauliflower floret 59} A12oj 4% ascorbic
U= vhge] A2 E Edled AZRAAL} o acid®l ZFHAFAZ  L-galactono-1, 4-lactone®|
ol At (Helsper 5, 1982). Holshe A 2oL Aok, o] ukgol Fedd)
D-Glucose—D-glucuronate—L-gulonate— = & 49l L-galactonolactone dehydrogenase
L-gulono-1, 4-lactone—L-ascorbic acid (L-galactono- ¥ -lactone : ferricytochrome C

52



Vol. 26, 1988

oxidoreductase, EC 1,3,2, 3)7} 2|5 s} ]

o] Fiaw AAAY 48424 cytochrome C&
273 (Mapson 5, 1958 ; Baig %, 1970 ;
Loewus, 1971),

F od 5T AEAY AL glojxE
L-ascorbic acid®] @4dell wisted A< otedxl u}
7o, Y TR 2R FRoIA Leas
corbic acid Y+ D-araboascorbic acid (D-erythor-
bic acid, isovitamin C)7} A4 ®cia » 9z B
Ao, Chlorella byrenoidosa (Renstrgm %5,
1982/ 1983) &9 Z=F+ AEH $41a um,
FPoteriochromonas danica (Helsper <, 1982),
Euglena gracilis (Shigeoka %, 1979), Cyclotel-
la cryptica (Grin 5, 1984) 59 =F= Z23
A8HA D-glucose® L-ascorbic acid®. 1 3H4]
7ich,

Penicilliumol A+ 1960 Takahashi Sl
of8fl D-erythorbic acid”’} B=  Penicillium®
FAHERA Qdofal olef ofe] AT} AMesle] o}
=9 ATHA 27 A 4|59 c (Takahashi 5,
1976).

D-Glucose— D-glucono- &-lactone— D-gluco-
no-7-lactone—D-erythorbic acid
Ao AR ARolA uixlut A Zopsls
D-gluconolactone dehydrogenase?t  Penicillium
cyaneofulvumoN A F2 =gl & .42 o)
Zt7Zb W7 8 = L-gulonolactone oxidase,
L-galactonolactone dehydrogenases} %43 4
de 2e ler 9" 9o (Takahashi =,
1976),

g yeastel $loj4lE L-galactono-1, 4-lac-
toned L-ascorbic acidZ H#47]:= L-galac-
tonolactone oxidase”} &a3te] Bleeg(1966)0]
o wEA olFol, B FFH yeasto] A
L-ascorbic acid®] &7} R.m=l9ic} (Heick %,
1972). Baker's yeastol A& 27}z Z & ¢
L-galactonolactone oxidase”} W7 =2ie}, Bleeg
& (1982)e o sl Hel®E a4 4 E g
galactonolactone dehydrogenase £+ % A} 8} o
Nishikimi 5-(1978)el] &J&] 2a]5 9= ol
41 9245 L-gulonolactone oxidase$t $-4kah 4
A2+ Zevh(Kenney %, 1976 ; Nishikimi %,
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1977), 22 7158 2E o5 & 545 7%
°|4, #4714 (substrate analog)el] ¢j3t A&,
¥2+, cofactor composition 5ol 4] o] i
ot (Leung 5, 1985),

g ascorbic acid: A9 23 Az
A ole] AelA Y58 Za glon] E3 gzay
2 7zl slasl S gdws) ok oful m) 5o
Fzh glekn odedA 9e], ascorbic acide] 4
S Eaeh = abEe) Qe /e v o2
7k #oll Ao gr}(Cameron 5, 1979).

+ AT Saccharomyces cerevisiae
ATCC 267872 %-¥] L-galactonolactone oxidase
T FEAAEC] 2 BEAS AsiBogal, o §F
5 o-&ste] L-ascorbic acide] Aj&sbe 7=
& welele ATl ZlxAaE ATstas sy

o,

Jm

Mz o gy

I. Al <F

£ Agel AER Aoke oo Roja F9l3)
%4 ot, L-Galactono-1, 4-lactone, L-gulono-1,4-
lactone, D-galactono-1, 4-lactone, D-glucuro-
ICN Biomedicals2%¥ 3]
3 9l k. D-Gulono-1, 4-lactone, D-glucono-1,5-
lactone, Triton X-100,
a , a’-dipyridyl, trichloroacetic acid + Sigma
Chemical®] A-&%, Sephadex G-150, DEAE-
Sepharose CL-6B, Phenyl-Sepharose CL-4 B
Pharmacia®] #E-S A-23}dc), o-Phosphoric

acid+ Shinyo Pure Chemical & & €  ferric

no-1, 4-lactone-&

sodium deoxycholate,

chloride(hexahydrated form) &= Hayashi Pure
Chemical 228 )55},

2. 2F Y L=

Saccharomyces cerevisiae ATCC 267872 127
o gk e zlol 5x10cells mi-'e] Exz =
T F, 187 Fakel wjokzo] Wol 3004 24
AZE A ekalalet, AAlskdulxle] =YL 1o
yeast extract, 29 peptone, 2% dextrose &

3. 54 E4E &H

L-Galactonolactone oxidase®] 4= Zan-
noni % (1974)e! #1% =2} UV spectro-
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1.

=

L
L-ascorbic acidd A2 4+ 9+ %2 1unit
2 A3,

1.1mi®] 0,1M phosphate-citrate buffer (pH
5.6)2} a8 (0, 2m/iE 34CAA 1587} u1-3-4]
713, 509% trichloroacetic acid &% 0, 2m/=
989% o-phosphoric acid 0,2mig Ho] €SS

TRHAIZIA A =l 4l delsle] A7 st

ik, Az aloll £Al5l+= L-ascorbic acid®] Az
£ $Islod AlEoN 1mig 1% a,a’-dipyridyl 4~
ol I1mi3 4% 0,12ml8 3% FeCly-6H,0

Fgolg Hrbsto] 35CelM 1587k wheA1Z T,
o] dFg-ol A A= ferrous ion? e, e '-dipyridyl
complex®] °F& 525nmell# &4 s+

Zty glew g (Hewitt 5, 1961), Gilford 250
spectrophotometers ©|-$3te] 27| 108719 HF
ol 28 §4=9] w3E FAsIch a4
5 #3351+ 0.1M phosphate—citrate buffer (pH
5.6) 1.9m/loll 60mM L-galactonolactone 8-
A3 0.1m/l H7FAA 34ColA] 9SS A=A
o},

4. THHE Had

cleal Aeke hovine serum albuming EFA4]
B3 3lo] Lowry %(1951)¢ #¥3 Bradford
(1976) ] -5 23kt

5. L-Galatonolactone oxidase2| =& A

L-Galatonolactone oxidase®| - A4
the# Fow BE 22hE 4Tl sl

1) &4 (Crude extract)

S. cerevisize 200g(wet weight)S %8 23
9 buffer A(0.1M Tris-HCl, 1mM EDTA, pH
8.6), aluminum oxide®t &%3 %, Omni
mixer (Du Pont Instrument No, 17047)% 14]
7t #kA A7 8, 000x goll 41 3087k A Eels)
o] AlbZxolg ZF AT AMESIYTE

2) Triton X-100 A&

Holl4l o1& zF 4o Triton X-1008 =kx|=t

rlo
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FE7F 2%HA 718 ¥, magnetic stirrers
o] &3sle] 24417k Fab #ojFelot,

3) Protamine sulfate 53

oA olojzl F Aol protamine sulfates-
0.25% (w/v)=A A7}sbd4  magnetic stirrer

£ olgstel A7kt AolFginh, A A
&2 10,000% g4 2087+ dAEelste] A7) 5t
ek

4) Ammonium sulfate %32

HeflAd defzl AlZzolol ammonium sulfates
ARl 43%7HR] AA1E] Z3RA)A 14]74ESF A
ofF 3, A4E AAES 12,000xgollA 14170
oF fAlEe] 3t 4] buffer B(1M Tris-HCI,
1mM EDTA, 1% Triton X-100, pHS8, 6)el] =
ok, ol 4485 FAutel] Y3 buffer Aol
ol 2447k F-AA1A de FA4gNS 12,000Xg
o4 30E7E HAREste] B4 AE AL

LY o
<+ AA% ¥ ammonium sulfate F3E2 AL

5) DEAE-Sepharose CL-6B ion exchange
chromatography

HollA edejAl 0-43% ammonium sulfate £
+% buffer C(25mM Tris-HCl, 1mM EDTA,
0.05% Triton X-100, 0,019 NaN;, pH8.2)%
#g27] DEAE-Sepharose CL-6B column
(2.7x13.6cm)ell ¥ EY buffer 60miE A
Hsldct, sl e | 5M NaClg 3+ buffer
Cz F&A1Ah o] W 82455+ 10mlhr!
o, 3mid ¥-2lsty

6) Sephadex G-150 gel filtration chromato-
graphy

DEAE- Sepharose CL-6B chromatography
TEEF A4l gl #2E me} Diaflo
PM 10 membrane® 2. ultrafiltrationsled £Z=3}
2., buffer D(50mM Tris-HCl, 1mM EDTA,
0.05% Triton X-100, 0,01% NaN,,pH8,6)=.
HE A7l Sephadex G-100 column(3,1x105
cm)oll 12 Y& buffer® 2347}, olwle]
+EFEE 15mihriolga, 6mid £2e1l

7) Phenyl-Sepharose CL-4B hydrophobic
chromatography

Sephadex G-150 chromatographyollsl &A%
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Adol o+ H3g wol buffer E(0.2M potas-
sium phosphate, 1mM EDTA,pH7, 2) & 3 4]
7l Phenyl-Sepharose CL-4B column(1,5x12
cm)ell 91z F buffer 20miz A=t =
w2 buffer F(10mM potassium phosphate, 1
mM EDTA, 0,25% sodium deoxycholate, 1%
Triton X-100, pH7,2)2 %47}, ojue] &
5% 5m/ hr'e|glw, 3m/4 23819

6. Eao] #MTo it 222} pHel J&t

B 5o g 259 ds Akl
A8l 20Tl A 50C Abelel SxellA] a4 S
FAstdet, 4 qbge oA (Ea)=
Arrehnius WA o & T3t}

T4 A= E pHY 33k uke Ei3E
%ol ZAsE 0,1M phosphate-citrate buffer
(pH5.6) wAlel, 0,1M phosphate-citrate
buffer(pH4,0-7,0), 0.1M potassium-phos-
phate buffer(pH®6,0-8.0), 0.1 M Tris-HCI
buffer (pH8, 0-9,6) & o]&sle] FAZAHE =7
3194

1. 7|3 Soly

a0 71 BolHE &AR] Hdle] Z2mM
% X 9 L-galactono-*-lactone, L-gulono-7-
lactone, D-galactono- 7-lactone, D-gulono- 7-
lactone, D-glucono- 7-lactone, D-glucurono-
& -lactones 7|HE Fol SA4FA4E S8}
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Zat Y ;A

I. L-Galactonolactone oxidase2| -S|

1) DEAE-Sepharose ion exchange chromato-
graphy

2% 4 (crude extract)oll Triton X-100 2%
= A Aelgk % protamine sulfate® 0. 25% (w/
v)EA Aolsle] AR AL YA e
& v, L-galactonolactone oxidase: tt-i 2k
ZFloll EAIslch,  YeastZ4E  L-galactono-
lactone oxidase® £2|& =, o] E4£E Hofuje
detergent4] Triton X-1008 A3+ Bleeg
5 (1982)0 ofsl ¥l wl olch 9o AbZans
ammonium sulfate 3% 0-43%9] W o]
e W 2EA Bt 4,750 B 4G
ERfoict (Table 1), $19F 22 specific activity
2 F718ke- baker's veast®] w|ERcizlo} R
abe FIAA 2EAR ARRE 7A$-9b w]&sic)
{Nishikimi &, 1978 ; Bleeg %, 1982).
Ammonium sulfate 0-43% F£3lzol+} B33}
4848 DEAE-Sepharose CL-6B columnel
A2 5 buffer CE2 AXsHAS W, §4 242
iol2] ¢re W bl AlSo) A7 E %} (Fig. 1),
[.-Galactonolactone oxidaset= NaCl 0,7M -9
of4 &Zsl= zleg ¥ol DEAE-Sepharose
resinel] Wiz slA| g},

(o =0 |

Table 1. Purification of L-galactono-1,4-lactone oxidase. Starting material was 200 g of yeast (wet weight).

Purification step

Combined volume Total protein Total activity Specific activity Purification factor Recovery

(m)) (mg) (mU) (mU/mg) (n-factor) (%)
Crude extract 290 2,242 4,200 1.87 1.00 100.00
Treatment of .
Triton X100 325 2,001 4,333 2.16 115 103.17
Precipitation
87 483 2,291 4.74 2.53 54.50
by (NH4)2504
DEAE-Seph
EAE-Sepharose 90 118 1,650 13.90 7.43 39.30
chromatography
Sephadex G-150 70 25 1,458 58.32 31.18 34.70
chromatography
Phenyl-Sepharose 5.8 8.05 847 105.20 56.25 20.00

chromatography
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Fig. 1. lon exchange chromatography of L-galactono-
lactone oxidase on DEAE-Sepharose CL-68.
The column was eluted with gradient of 0-1.5 M
NaCl in 25 mM Tris-HCl, 1 mM EDTA, 0.05%
Triton X-100, 0.01% NaNs3 (pH 8.2). The open
circles refer to L-galactonolactone oxidase ac-
tivity. The closed circles represent protein con-
centration. The volume of each fraction was 3 m/
and collected at flow rate of 7 m/ per hour.

2) Sephadex G-150 gel filtration chromato-
graphy

DEAE-Sepharose CL-6B chromatographyell
A BAEAS A XolE fraction(47-57) < =
o}4 Diaflo PM 10 membrane® 2 %47 %,
Sephadex G-150 columnell $do] AsI5dS u
ool AL b peakZ YEltord, ion
exchange chromatographyol| A ¢} ko] wjuj=l
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Fig. 2. Gel filtration chromatography of L-galactono-
lactone oxidase on Sephadex G-150.
The column was eluted with 50 mM Tris-HCl, 1
mM EDTA, 0.05% Triton X-100, 0.01% NaNj
(pH 8.6). The open circles refer to L-galactono-
lactone oxidase activity. The closed circles
represent protein concentration. The volume of
each fraction was 6 m/ and collected at flow rate
of 15 m/ per hour.

peaket FE5%c}(Fig, 2), o] #4L %
T2 39.7%°lA 34,7%% okt
specific activity = oF 4ue] =12
(Table 1),

3) Phenyl-Sepharose CL-4B hydrophobic
Interaction chromatography

E

ol

[e]
=2
Zh

o
Rupya:

4
3

L-Galactonolactone oxidase®t Phenyl-Sepha-
roseZk®] hydrophobic interaction-& potassium
phosphatee] £}3} ionic strength® 7+44]7]3

15 0.375
15
g =
T =3
8z - v
= S 3 K]
g5 10} 02 70.05 1.0 £10250
£ E = [ =% [3
s % % 5| = 2
B = 2l = %
g2 Efa 2 g 3
28 st 011 8405 £ 0125 §
- & 4
.= 00 -o20&Joo  Jo.0o
0 5 10 15 20 25 30

Fraction number

Fig. 3. Hydrophobic interaction chromatography of L-galactonolactone oxidase on Phenyl-Sepharose CL-48.
The column was eluted with detergent gradient. The starting buffer was 0.2 M potassium phosphate, 1 mM ED-
TA (pH 7.2). The final buffer was 10 mM potassium phosphate, 1 mM EDTA, 0.25% sodium deoxycholate, 1%
Triton X-100 (pH 7.2). The open circles refer to L-galactonolactone oxidase activity. The closed circles repre-
sent protein concentration. The volume of each fraction was 3 m/ and collected at flow rate of 5 m! per hour.
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detergent (Triton X-100, sodium deoxycholate)
o FEE S7HIA Aoy o FLZ £F
A1 Z ok (Fig, 3). Fraction 20-230(4 wwAlst &
2B 29 peaks} UAE = HoE Hol of Fa
o Tt E2E o 7 USiH, Y FES mo}
potassium phosphate9t detergent® AAE =
TEIAeH g s Jehgled), o&
baker's yeast24%-E] *2|3§ L-galactonolactone
oxidase?} flavin& Zx vhe 2.3 (Kenney
&, 1979)9} §-3t=ic),

Aot e ofiintA Y FejnA s
Sl a4 vl oF S6v) e AL e}

pow 48 20%%rH Table 1), ©]

o8

3
£ L-galactonolactone oxidase®] S43-4
gt Gaslo g AREsisic
2, §4 gdzol i 25 A%

AR EEEe xR "Evn a9

[«

i.l

B A% A9 34CoF A w2 xgls o
T Q9lth, 34TCE FAloE 257} w3lEel o
g} B4 4L daRoew zraestddch(Fig 4).
4 &5 F3ke Az (Ea)E 20-25CelA]
13. 4kcal mol-?, 25-30CellAl 8, 56kcal mol-!,

Ea = 4.251 kcal.mol-!
0.60 -

Ea = 8.56 kcal mol-!

=)
S
£ el
= Ea = 13.4 kcal mol-!
0.30
0.000L 4 { s 1 N L " t

3.1 3.2 3.3 34
Temperature-! x 103 (K1)
Fig. 4. Effect of temperature on the activity of L-galac-
tonolactone oxidase.
Reactions were carried out for 15 min in 0.1 M

phosphate-citrate buffer (pH 5.6) containing 3
mM L-galactono-1,4-lactone.
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Fig. 5. Effect of pH on the activity of L-galactonolac-
tone oxidase.
Reactions were carried out for 15 min at 34°C in
various buffers containing 33 mM L-galactono-
1,4-lactone. The 0.1 M phosphate-citrate for pH
4.0 1o 7.0 (0—0), 0.1 M potassium-phosphate
forpH6.0t0 8.0 (@ —®), and 0.1 M Tris-HC! for
pH 8.0 to 9.6 ( O----0) were used.

30-34Coll A 4,251 keal mol~'24] A uleex
oﬂ 7@}%6?_}_/;*«% s} ° F-of] g3 Eax 7L}-o]_o:!r,].
olef 7L A=l w22 = Nishikimi 5 (1978) 0
o3 baker’s yeast25E 25 L-galactono-
lactone oxidase®] 7-$-9} -FAFs}ck,
k=R g*‘Eoﬂ CHgt pHe| A3k

BF E3E% pH 275 Wisk)sln 549 &
45 F4% 754 #=ukg pHE 6,8-7, 0019
(Fig.5). Nishikimi 5 (1978)-2 Baker’s yeast$]
L-galactonolactone oxidase7} pHB6, 8341 &)

Table 2. Substrate specificity of L-galactonolactone
oxfdase isolated from S. cerevisiae.

Substrate (2mM) Relative activity (%)

L-Galactono- ¥ -lactone 100
L-Gulono-7 -Jac'one 31
D-Galactono- 7-lactone
D-Gulono- 7 -lactone

D-Glucono- §-lactone

o O o O

D-Glucurono- 7 -lactone

* The relative activities for the various sugar-acid lac-
tones are shown. Activity is expressed in arbitrary units
taking the activity of the substrate giving the highest
value as 100.
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BAE 2ol B a6} Qe

4. 7|13 Bo|M

S, cerevisize ATCC 267875%¥ B x5t
L-galactonolactone oxidaset, 7|A 2 A3} of
2] &2l sugar-acid lactone Fol4 L-glac-
tono-1, 4-lactone # L-gulono-1, 4-lactone 2} &
ascorbic acid® 4FslA)7lz, &3 L-galactono-
1,4-lactone] djall EBo|"oz =g At
(Table 2),

Nishikimi % (1978)e]l <13l baker’s yeast@ -
B 2% L-galactonolactone oxidaser} Nishi-
kimi 5 (1976)oll o8 HzHe 2= L-gulo-

X4
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nolactone oxidasex> L-gulono-1, 4-lactone 7
A2 AR 4 glond, cauliflower (Mapson =,
1958)8] L-galactonolactone dehydrogenase 9}
(1982)o) 9 & baker’s yeast <]
L-galactonolactone oxidase®] 7ol gloli]:-
L-gulono-1, 4-Ictonee] &4 A A (inhibitor) &
Aggein gl webd B gglola By
AT Bhe 7] Bolde wela ERo 79
oF fAsict,

g, L-galactono-1, 4-lactoneol tHgk L-galac-
tonolactone oxidase?] Km &2 0.294mM ©|gl
o} (Fig, 6).

Bleeg

2

Saccharomyces cerevisiee ATCC 26787914 L-ascorbic acid #4419 =tAzt =AE Zw=isl: [ -galactonolactone

oxidase Triton X-100 #2], protamine sulfate %3],

ammonium sulfate ¥%, DEAE-Sepharose CL-6Bell &]3&F o]

&8 chromatography, Sephadex G-150¢} 2] 3} gel filtration chromatography, Phenyl-Sepharose CL-4Bell 2] 3}

T4A sl

hydrophobic interaction chromatography] &HAlS- £3)o] 53

of Fol AA w2+ 34T 4, HA 43 pHt 6.8-7. 022 debiel, 7192 A4S L-galactono-1, 4-lactoneol
gk o] &4 Km 22 0,294mM o|gich, L-Gulono-1, 4-lactone® 7142 288 4 gli=w], o)2]dt 7|2 Eoldoz ¥
of o] Za 4ZFefl4 w7 =lE L-galactonolactone dehydrogenase B S804 w7slE L-gulonolactone oxidasesh

FARIE B 4 gleh,

A A

¥ =T g SAFEA T2 A
O
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