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1. Introduction 

Untrl recently 11 enzymes were known to contam 
covalently-bound flavm, linked by way of the 8~ or 
the C(6) position of the flavin rmg to a hntrdme or 
cysteme residue m the enzymes [ 1,2]. A covalently 
bound flavin m an additional enzyme, Lgalactono- 
lactone oxrdase from yeast has been shown [3]. Thus 
enzyme is considered to catalyze the last step of 
Lascorbrc acid biosynthesis in this organism. An 
isofunctional enzyme present m animal tissues, 
Lgulonolactone oxrdase had been reported [4] to 
contam a flavin linked to the N(1) posrtron of 
histidine. Accordingly, it 1s phylogeneticahy mterestmg 
to identify the structure of the flavm of the yeast 
enzyme. The present study revealed that yeast 
Lgalactonolactone oxrdase also contams 8o-[N(l)- 
histidyflFAD. 

2. Materials and methods 

LGalactonolactone oxidase was purified from 
baker’s yeast as in [3]. A flavm peptrde was obtamed 
from the punfied Lgalactonolactone oxidase as 
follows. About 14 mg protein contammg 25 nmol 
flavm were precipitated with 5% (w/v) trichloroacetrc 
acid at 0°C and the suspensron was stirred for 15 mm 
and centrifuged at 12 000 X g for 10 min. The 
supernatant and ‘oil’ phase (whrch was formed as a 
result of the presence of the detergent, Tween 20) 

were carefully removed and the precipitate was 
suspended in acetone and centnfuged as above, 
followed by a further wash with 1% (w/v) trichloro- 
acetic acid. The precipitate was suspended m 1.5 ml 
0.1 M N-ethylmorphohmum acetate (PH 8.5) and 
0.07 mg each trypsin and chymotrypsm/mg protein 
were added. After incubation for 4 h at 38”C, the 
mcubation mrxture was centrifuged to remove 
turbid material and lyophilized. The sample thus 
obtamed was re-lyophrhzed from 5% (v/v) acetic acid, 
drssolved in this solution, and applied to a column 
(0.5 X 5.5 cm) of phosphocellulose (pyridmmm form, 
equilibrated with 5% (v/v) acetrc acid). The column 
was washed wrth 5% acetic acid, then with 1% acetic 
acid, and the flavm band was eluted with a buffer 
contaming 0.02 M pyridine-0.2 M acetic acid 
(pH 3.7). 

The ammoacyl flavm was obtained from the flavm 
peptrde by incubatron of the latter in 6 N HCl at 
92°C for 16 h in vacua, followed by high-voltage 
electrophoresis at pH 5.0 or pH 6.2 [5]. Incubation 
with pyrophosphatase, BHi reduction, and performic 
acid oxidatron were as in [6]. Corrected fluorescence 
excitation spectra were measured using a Perkin Elmer 
MPF3 spectrofluorometer. 

3. Results and discussion 

As shown m table 1, the fluorescence of the flavin 
peptide isolated from L-galactonolactone oxrdase is 
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Table 1 
Fluorescence properties of flavin peptrde from 

L-galactonolactone oxidase 

Treatment of 
peptrde 

Fluorescence Relative 
measurements fluorescencea 

PH (%I 

None 

None 
Pyrophosphatase 
Pyrophosphatase, 

then BH; 

70 4 

34 43 
3.4 73 
34 3 

Pyrophosphatase, 
then oxrdatron 
at 0°C 

3.4 100 

Pyrophosphatase, 
oxidation at 3 8°C 

3.4 100 

a Relative to fluorescence after pyrophosphatase treatment 
and performrc acid oxidation 

greatly quenched at neutral pH as compared with 
pH 3 4, mdrcatmg that the substituent in the flavin is 
a hrstidyl residue, which ionizes between these pH 
values. The fluorescence at pH 3.4 also increases on 
nucleotrde pyrophosphatase treatment, suggesting that 
the flavm is at the dmucleotide level. The fluorescence 
excitation spectrum of the flavin peptide at pH 3.25 
following hydrolysis to the mononucleotide level, IS 
reproduced in fig.1. The hypsochromic shift of the 
second excitation maximum from 372 nm (in FMN) 
to 346 nm is compatible with substitutron at 8~. 

These data leave two posslbrlrtres for the structure 
of the flavm m Lgalactonolactone oxldase 8o- 
[N(l)-hzstrdyZ]FAD and 8~[N(3)-hntidyl]FAD. The 
fact that BH4- reduces the flavm, as Judged by the 
fluorescence quenching (table l), mdrcates that the 
N( 1) isomer is present since this reacts with BHd, 
while the N(3) isomer does not [5,6]. In accord with 
this, the pKa of fluorescence quenching of the 
tryptrc-chymotryptic peptide was 5.6 both before 
(flg.2A) and after (fig.2B) oxidation with perfomric 
acid, very nearly the same value as reported for 
slmrlar peptides from Lgulono-y-lactone oxidase [4], 
thramme dehydrogenase [7], and /.l-cyclopiazonate 
oxidocyclase IS]. In contrast, the pKa values of flavm 
peptrdes contauung 8cr-[N(3)histidyZ]FAD are nearly 
1 pH unit lower [4-81. Following acid hydrolysis to 
the anhydro form of the ammoacyl flavm, the pKa 
observed (fig.2C) (5.0) is as expected for 8a-[N(l)- 

WAVELENGTH (nm) 

Rg 1 Fluorescence excitatron spectrum of tryptrc-chymo- 
tryptic flavin peptide (FMN level) of L-galactonolactone 
oxidase, at pH 3.25. 

PH 

Ag.2A pH Dependence of fluorescence mtensrty of tryptic- 
chymotryptrc flavm peptide The flavin peptrde (FMN level) 
was dissolved in 1 mM citrate-phosphate buffer and the pH 
adJusted by ~1 admtions of 3 N HCl or 3 N NaOH 

Fig.2B pH Dependence of fluorescence mtensrty of tryptic- 
chymotryptrc flavm peptide oxidized wrth performic acid 
Condrtrons were as in tig.2A. 

Frg.2C pH Dependence of fluorescence intensity of ammo- 
acyl flak Condrhons were as m tig.ZA 
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Table 2 
Mobrlity of ammoacyl flavm in hrgh-voltage electrophoresis 

Sample Migratron Mobrhty relatrve 
to FMN 

FMN 12.5 10 
N(l)-histrdylnboflavm -10 1 -0 81 
N(3)-histrdylriboflavm - 75 -0 60 
Ammoacyl flavm -10 1 -0 81 

The flavin peptrde was digested for 16 h at 92’C with 6 N 
HCl, then taken to dryness H&-voltage electrophoresis was 
at pH 5 for 108 mm in the system and under the conditrons 

m (51 

hrstrdyZ]2’,5’-anhydroriboflavm [9]. 
Additional confirmatron for the N(1) linkage was 

obtamed by comparison of the mobilities of the 
product obtamed on hydrolysis with 6 N HCl with 
those of authentic N(1) and N(3) hrstrdylnboflavms 
(table 2). On high voltage electrophoresrs at pH 5 the 
material comrgrated with the N(1) isomer. Thus, the 
covalently bound flavin of Lgalactonolactone 
oxrdase 1s 8o-[N(l)-histidyl]FAD (fig.3). 

An additional point of interest is that oxidation of 
the tryptic-chymotryptrc flavm peptrde (FMN level) 
wrth performrc acid at either O’C at 38’C increases 
rts fluorescence at pH 3.4. Thrs fluorescence enhance- 
ment probably mdicates the presence of a tryptophan 
residue in the peptrde whrch interacts with the flavm, 
partially quenchmg rts fluorescence [6]. 

Fig.3. Structure of covaiently-bound fIavm of L-galactono- 
lactone oxrdase R IS the rest of FAD 

It 1s mterestmg from the phylogenetic standpomt 
that the flavin of Lgalactonolactone oxidase is 
8or-[N(l)-histidyZ]FADlike that of rat Lgulonolactone 
oxidase. Both enzymes participate m the last step of 
Lascorbrc acid biosynthesis and show the srmilar 
substrate specificity. It has been comectured [3] that 
the ammal enzyme and the yeast enzyme evolved 
from a common ancestor enzyme. The present finding 
provides an additional piece of evrdence for thrs 
hypothesis 
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