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Abstract

Low activity (about 4 mU/mg protein) of 5 -deoxyadenosylcobalamin-dependent methylmalonyt-CoA mutase {MCM,; EC 5.4.95.2) was
found in a cell homogenate of a photosynthetic coccolithophorid alga, Plewrochrysis carterae. Most of the enzyme occurred as the apo-
enzyme, which was labile during purification. The holo-enzyme, which was converted from the apo-enzyme by incubation with 10 pM 5’ -
deoxyadenosylcobalamin at 4 °C in the dark, was purified to homogeneity and partially characterized. An apparent molecular mass for the
enzyme of 150 + § kDa was calculated by Superdex 200 pg gel filtration, SDS-polyacrylamide gel electrophoresis of the purified enzyme
gave a single protein band with an apparent molecular mass of 80 + 5 kDa, indicating that the P carterae enzyme occurs as a homodimer,
Some properties of methylmalonyl-CoA mutase from £ carferae were studied.

© 2004 Elsevier Inc. All rights reserved.
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Vitamin B,

1. Introduction

The photosynthetic coccolithophorid alga, Pleurochrysis
carterae (formerly Hymenomonas carterge) is 2 unicellular
marine calcareous phototroph and produces CaCO; struc-
tures (calcified scales around the cells) (Takenaka et al,
1996). This marine alga absolutely requires vitamin B2
{(cobalamin, Cbl) for growth (Provasoli and Pintner, 1953).
Considerable amounis of Cbl (30-40 pg CbV/10® cells) were
taken up and accumulated by the algal cells grown in Cbl (10
pg/M)-supplemented medium. Most Cbl accumulated by the
cells was converted to methylcobalamin (MeCbl; 46.1%) and
5’ -deoxyadenosylcobalamin (AdoCbl; 26.0%), which func-
tion as coenzyme of methionine synthase (EC 2.1.1.13) and
methylmalonyl-CoA mutase (MCM; EC 5.4.99.2), respec-
tively (Miyamoto et al., 2002b).

The AdoCbl-dependent MCM that catalyzes isemeriza--

tion of (R)-methylmalonyl-CoA to succinyl-CoA has been
purified and characterized from mammalian tissues (Fenton

* Corresponding author. Tel/fax: +81-888-73-2483.
E-mail address: watanabe@cc.kochi-wu.acjp (F. Watanabe).

1096-4959/ - see front matter © 2004 Blsevier Inc. All rights reserved.
doiz10.1016/j.cbpc.2064.03.006
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et al,, 1982), an intestinal nematede (Han et al., 1984), and
aerobic (Miyamoto et al., 2002a, 2003) and anaerobic
bacteria (Francalanci et al., 1986). To elucidate the mecha-
nisms for the enzyme reaction, the anaerobic bacterium
Propionibacterium shermanii MCM has been studied ex-
tensively (Mancia and Evans, 1998; Mancia et al,, 1999).
However, little information is available on the enzymolog-
ical properties of MCM in marine algae.

Here, we describe the purification and characterization of
MCM from the photosynthetic coccolithophorid alga P
carterae from the viewpoint of comparative biochemistry,

2. Materials and methods
2.1. Culture and organism

P. carterae was provided by Prof. M. Okazaki (Tokyo
Gakugei University, Japan). Algal cells were cultured for 10
days at 26 °C in a modified Eppley medium (containing 20
pg cyanocobalamin/l; Miyamoto et al., 2002b) prepared
with synthetic scawater. The cultwre (1.5 1) was bubbled
with air and illuminated at 40 pmol photon/m%s.
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2.2. Enzyme assay

Methylialenyl-CoA mutase was assayed by a modifica-
tion of the HPLC method described by Gaire et al. (1999).
Briefly, the assay mixture (0.15 ml} for total MCM activity
contained 100 mM potassium phosphate buffer, pH 7.5, 30
pM AdoCbl (Sigma, St. Louis, MO, USA), 0.15 mM (R.5)-
methylmalonyl-CoA (Sigma), and enzyme. AdoCbl was
replaced by the same volume of distilled water for measur-
ing holo-MCM activity. Apo-MCM activity was calculated
by subtracting the holo-MCM activity from total MCM
activity in the sample. The components except for (R,S)-
methylmalonyl-CoA were mixed in microcentrifuge tubes in
the dark and the temperature was equilibrated by incubation
in a heating bucket (e-Heating Bucket, Taitec, Saitama,
Japan) maintaired at 30 °C. The reaction mixture was
preincubated for 5 min, started by the addition of (RS)-
methylmalonyl-CoA, and left for 5 min. The enzyme
reaction was stopped by the addition of 50 pl 10% (w/v)
trichloroacetic acid. The reaction mixture was filtered
through a 0.45-pm membrane filter (Millex Syringe Driven
Filter Unit, LH-type, Millipore, USA). Aliquots (20 pl) of
the filtrate were analyzed by HPLC using a Shimadzu
HPLC apparatus {two LC-10ADvp pumps, DGV-12A
degasser, SCL-10Avp system controller, SPD-10Avvp
UV-VIS detector, CTO-10Avp column oven, 100 ul
sample loop, C-R6A chromatopac integrator). The sample
(20 pl) was put on a reversed-phase HPLC column (Cos-
mosil 5C18-AR-II, & 3.0 X 150 mm) equilibrated with 50%
(v/v) solvent A (100 mM acetic acid in 100 mM potassium
phosphate buffer, pH 7.0) and 50% (v/v) solvent B [18% (v/
v) methanol in solvent A). (R.S)-Methylmalonyl-CoA and
succinyl-CoA were eluted with a linear gradient of methanol
[50-100% (v/v) solvent B] for 7.0 min at 40 °C and
assayed by measurement of absorbance at 254 nm. The
flow rate was 1.0 ml/min, MCM activity was calculated
from the amount of succinyl-CoA formed. One unit of
enzyme activity was defined as the amount of enzyme that
catalyzed the formation of succinyl-CoA at the rate of 1
wmol/min. :

2.3. Purification of P. carterae MCM

Purification was performed at 0—4 °C with a BioLogic
. HR chromatography system (Bio-Rad Laboratories, Hercu-
les, CA, USA) in a dark room. The stored P. carterae cells
(about 15 g wet mass) were suspended in 30 ml, 10 mM
potassium phosphate buffer, pH 7.0, containing 10% (w/v)
sucrose. The cells were disrupted by sonic oscillation (10
kHz, 10 s % 6) and centrifuged at 10,000 X g for 10 min.
AdoCbl was added to the supernatant fraction at a final
concentration of 10 pM and left ovemnight in the dark at 4
°C to form the holo-enzyme. The, treated solution was put
on a column (2.4 x20 cm) of TSKgel QAE-Toyopearl
HWS55C equilibrated with 10 mM potassinm phosphate
buffer, pH 7.0, containing 10% (w/v) sucrose, and eluted
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with 300 m] of a linear gradient (0—0.5 M) of KCl in the
same buffer. The active fractions were collected and con-
centrated in a Centriprep-30 centrifugal concentrator (Millj-
pore, Bedford, MA, USA) to a final volume of 1.0 ml. The
concentrated solution (1.0 ml) was put on a HiLoad 16/60
Superdex 200 pg column (Amersham Pharmacia Biotech,
Uppsala, Sweden) equilibrated with 10 mM potassium
phosphate buffer, pH 7.0, containing 10% (w/v) sucrose
and 200 mM KCI, and eluted with the same buffer. The

~active fractions were combined and dialyzed overnight

against 1 | of 10 mM potassium phosphate buffer, pH 7.0,
containing 10% (wfv) sucrose. The dialyzed solution was
concentrated in a Centricon-30 microconcentrator (Milli-
pore) to a final velume of 1.0 ml. The concentrated solution
(1.0 ml) was put on a UNO Q-1 column (Bio-Rad) equil-
ibrated with 10 mM potassium phosphate buffer, pH 7.0,
containing 10% (w/v) sucrose, and eluted with 40 ml of a
linear gradient (0~0.5 M) of KCi in the same buffer. The
active fractions were combined and desalted in Centricon-30
microconcentrators. The solution was put on a Mono
column HR 5/5 (Amersham Pharmacia Biotech) and eluted
with 40 ml of a linear gradient (0—0.5 M) of KCl in the
same buffer. The peak fraction of the enzyme activity was
concentrated to a final volume of 0.1 ml as above and stored
at —80 °C.

2.4. Polyacrylamide gel electrophoresis in the presence or
absence of SDS

Polyacrylamide gel electrophoresis (PAGE) was carried
out on 5-20% precast Ready Gels J (Bio-Rad, Tokyo,
Japan). Purified enzyme (1 pg protein) was electrophoresed
in the presence or absence of SDS at constant current (12
mA/gel} with bromophenol blue as a migration marker.
After electrophoresis on the slab gel, proteins in the gel
were stained with Coomassie brilliant blue R-250 and
destained in acetic acid solution according to the manufac-
turer’s instructions. Standard proteins (phosphorylase b
from rabbit muscle, 97.4 kDa; albumin from bovine serums
66.2 kDa; ovalubmin, 45.0 kDa; carbonic anhydrase from

. bovine erythrocyte, 31.0 kDa; trypsin-inhibitor from soy-
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beans, 21.5 kDa; lysozyme from egg whites, 14.4 kDa) in a

Bio-Rad kit were used for the calibration of the molecular

mass of the subunit of P. carterae MCM.
2.5. Gel filtration experiments

The molecular mass of P, carterae MCM was determined
with a HiLoad 16/60 Superdex 200 pg gel filtration column
{Amersham Pharmacia Biotech) using the BioLogic HR
chromatography system (Bio-Rad). The column was equil-
ibrated with 10 mM potassium phosphate buffer, pH 7.0,
containing 10% (w/v) sucrose and 200 mM XCl, and eluted
with the same buffer. The molecular mass of the MCM was
calibrated with blue dextran (average 2000 kDa), horse
spleen apoferitin (480 kDa), yeast alcohol dehydrogenase
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Fig. 1. Elution pattems of Plenrochrysis carterae methylmalonyl-CoA
mutase activity during Mone-Q column chromatography.(—) absorbance at
280 nm; (@) MCM activity; and (---) KCl concentration. The data are
typical elution patterns of the enzyme activity during Mono-Q HR 5/5
column chromatography from four independent experiments,

)(150 kDa), bovine serum albumin (66.0 kDa), and horse
heart cytochrome ¢ (12.4 kDa). Blue dextran and the

proteins were monitored by measuring the absorbance at
280 nm.

2.6. Properties of MCM

2.6.1. Optimum temperature and pH

The optimum temperature of the enzyme was determined
by incubating at temperatures ranging from 5 to 50 °C for 5
min at pH 7.5. In the case of the thermal stability of the
enzyme, the enzyme activity was assayed at 30 *C for 5 min
at pH 7.5 after the purified enzyme was preincubated at
temperatures ranging from 5 to 50 °C for 10 min at pH 7.0.

The optimum pH of the enzyme was determined by
incubation at various pH values ranging from 5.0 to 9.5 in
10 mM Tris—acetate buffer for 5 min at 30 °C.

2.6.2. Effect of SH-inhibitors

" Enzyme activity was assayed at 30 °C for 5 min at pH
7.5 using the purified enzyme treated with 3 mM of SH-
inhibitors [HgCly, N-ethylmaleimide, p-chloromercuriben-
zoic acid, 5,5 -dithiobis-(2-nitrobenzoic acid), and iodoace-
toamide] at 30 °C for 10 min at pH 7.0.

2.6.3. Effect of monovalent and divalent cations

Enzyme activity was assayed at 30 °C for 5 min at pH
7.5 in the presence of each monovalent and divalent cation
(NaCl, KCl, NH,Cl, CoCl;, MnCl,, FeCl; and MgCl; all at
3 mM).

2.6.4. Effect of substrate concentrations

In the case of determination of Kj,, values for methyl-
malonyl-CoA and succinyl-CoA (reverse reaction), the
enzyme activity was assayed at various concentrations of
(R,5)-methylmalonyl-CoA or succinyl-CoA under the stan-
dard assay conditions.

2.7. Protein assay

Protein was assayed by the use of Bio-Rad protein assay
kit, with ovalbumin as a standard according to the manu-
facturer’s instructions.

3. Results and discussion
3.1. MCM activity in a cell homogenate of P. carterae

" MCM activity was considerably lower in a cell homog-
enate of P, earterae (about 4 mU/mg protein) grown for 10
days (stationary phage) than in those of the other organisms
(about 25—50 mU/mg protein) previously reported (Keller-
meyer et al., 1964; Han et al., 1984; Miyamoto et al.,
2002a). Low specific activity (2.6 mU/mg protein) of this
enzyme is also found in a cell homogenate of Euglena
gracilis Z (a fresh water-Cbl-requiring alga) grown photo-
autotrophically; it is significantly increased in those cells
adapted to propionate-supplemented medium (Watanabe et
al,, 1996). '

Most (about 95%) of the P carterae enzyme occurred as
the apo-enzyme. Our preliminary experiments indicated that
the enzyme activity, when assayed in the presence of
AdoCbl, was completely lost through several column chro-
matographies. As a consequence of the lability of the apo-
enzyme, the enzyme protein could not be purified to
homogeneity. The holo-enzyme, which was converted from
the apo- enzyme by incubation with 10 pM AdoCbl at4 °C
overnight in the dark, was considerably more stable relative
to the apo-enzyme. Thus, the holo-enzyme was purified to
homogeneity.

3.2 Pur:ﬁcaﬁon of P. carterae MCM

Fig. 1 shows the elution profile of P carterac MCM
during Mono-Q HR. 5/5 column chromatography (the final
purification step). The enzyme activity gave a single peak at
0.35 M KCl and most of the protein was recovered in this
fraction. The purification procedures for MCM from a
homogenate of P. carterae are summarized in Table 1.

Table 1
Purification of methylmalonyl-CoA mutase from £ carterae
Step Total Total activity ~ Specific Yield
ptotein (units/min) activity (%0)
(mg) (units/mg
protein)
Crude homogenate 871.9 354 0.004 100.0
TSKgel ‘
QAE-Toyopearl 550 84.6 2.33 0.03 659
HiLoad 16/60
Superdex 200 pg 272 0.51 0.19 14.5
UNO Q-1 0.30 .17 0.58 49
Mono-Q 0.003 0.03 11.94 0.87
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Fig. 2. PAGE of methylimalonyl-CoA mutase from the final purification
step. (1) Molecular mass standard proteins; (2) the purified enzyme in the
presence of SDS. Typical migration patterns of the purified enzyme after
polyacrylamide stab gel electraphoresis in the presence of SDS from three
independent experiments.’

MCM was purified about 2985-fold over the homogenate
with a yield of 0.87%. PAGE of the purified enzyme in the
absence of SDS using a precast gel showed a single protein
band (data not shown).

3.3. Molecular mass

An apparent molecular mass of the enzyme was caley-
lated to be 150 + 5 kDa by Superdex 2G0 pg gel filtration.
SDS-PAGE of the purified enzyme gave a single protein
band with an apparent molecular mass of 80+ 5 kDa,
indicating that the P carterae enzyme is composed of two
identical subunits (Fig. 2).

P carterae MCM has a similar subunit structure to the

mammalian (Fenton et al,, 1982) and worm (Han et al,

1984) enzymes, while the P. shermanii (Francalanci et al,,

1986) and Methylobacterinm extorguens NR-1 (Miyamoto

et al., 2002a) enzymes consist of two non-identical sub-

units with molecular masses of 79~85 and 67-70 kDa,
- respectively.

3.4. Some properties of MCM

The optimum tempetature for MCM activity was 30 °C.

" The enzyme, when incubated at various temperatures for 10

min at pH 7.5, was stable up to 10 °C; activity was

completely lost at 50 °C. The optimum pH of the enzyme
was 7.5.

The apparent K, values of the enzyme were 0.59 mM for

(R,S)-methyimalony}-CoA and 5.5 mM for succmyl CoA
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The purified enzyme activity was inhibited completely
by the addition of 3 mM HgCly, but not by the addition of
commonly used SH-inhibitors, iodoacetamide, N-cthylma-
leimide, p-chloromercuribenzoic acid and 5,5 -dithiobis-(2-
nitrobenzoic acid).

MCM activities of P. shermanii (Kellermeyer et al,,
1964), M. extorguens NR-1 (Miyamoto et al.,, 2002a) and
intestinal worm (Han et al., 1984} are not affected by the
SH-inhibitors, but those of Sinorhizobium meliloti (Miya-
moto et al., 2003) and mammals (Fenton et al., 1982) are
considerably inhibited.

Although the 5. meliloti MCM (Miyamoto et al,, 2003) is
activated by the addition of some monovalent cations (NH3,
K* and so on), the addition of monovalent (Na®, K+ and
NH) and divalent cations (Co? ¥, Mn?*, Fe** and Mg ") at
3 mM did not affect the enzyme act1v1ty of P. carterae. The
identical resuit has been reported in MCM of other organ-
isms (Fenton et al,, 1982; Kellermeyer et al., 1964; Miya-
moto et al., 2002a).

Due to the low specific activity of the enzyme in the cel}
homogenate and lability of the enzyme during purification,
we could not obtain enough enzyme to study further
detailed enzyme properties. However, these results pre-
sented here indicate for the first time that the marine alga
P carterae contains an AdoCbl-dependent homodimeric
MCM.
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ABSTRACT

A Japanese fish sauce “Ishiru,” which was made from squid by a

traditional food manufacturing process, contained the highest amounts
(5.5 £ 2.3 ng/100g) of By, among various fish sauces tested. Two
corrinoid compounds were purified from the fish sauce Ishiru and
partially characterized. TLC and HPLC patterns of the main red-colored
compound, purified from the fish sauce, were identical to those of
authentic vitamin Bi,, but minor compounds could not be identified.
Fish sauce may not be suitable for use as a good vitamin B, source,
judging from the low daily intake of the sauce and occurrence of the
unknown corrinoid-compound.

Key Words: TLC; HPLC; Fish sauce; Fermented foods; Vitamin B,.

INTRODUCTION

Various kinds of fish sauces, traditional food supplements in the diet, are
widely used in the world as condiments, as flavoring material, and sometimes
as a substitute for soy-bean sauce. A fish sauce (Nam-pla) appears to contribute
a major source of vitamin B, (B,,) in Thailand, since it contains consider-
able amounts of B,,.["*! Although our previous paper®! has demonstrated
that the amounts of By, were several-fold greater in Japanese fish sauces
than in some kinds of Nam-pla, thin layer chromatography (TLC) analysis
indicated that most B, found in the Japanese fish sauces were derived from
unidentified corrinoid compounds. Our unpublished study indicated that a
Japanese fish sance “Ishiru,” which was made from squid by a traditional
food manufacturing process, contained the highest amounts of B;, among
various fish sauces tested. It is, however, not clear whether B,, found in the
Japanese fish sauce Ishiru is actual B, or inactive corrinoids for humans.

Thus, corrinoid compounds found in the fish sauce Ishiru, were
characterized by the use of TLC on silica gel as an important purification
and analytica] tool.

EXPERIMENTAL
Materials

B2 and a reversed-phase high pressure liquid chromatography (HPLC)
.column (Wakosil-II SCISRS, ¢ 4.6 x 150 mm?; particle size, 5 wm) were
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obtained from Wako Pure Chemical Industries (Osaka, Japan). Cosmosil
140C180-OPN was obtained from Nacakai Tesque (Kyoto, Japan). A Bia
assay medium for Lactobacillus delbrueckii subsp. lactis (formerly
L. leichmannii) ATCC7830 was obtained from Nissui (Tokyo, Japan). Silica
gel 60 (TLC) aluminum sheets were obtained from Merck (Darmstadt,
Germany). Amberlite XAD-4 was obtained from Japan Organo Co. (Tokyo,
Japan). Cyanocobamides (5-hydroxybenzimidazolylcyanocobamide, benzi-
midazolylcyanocobamide, and 7-adenylcyanocobamide) isolated from
bacteria, were kindly provided by Dr. E. Stupperich, Ulm University, Germany.
All other reagents used were of the highest purity commercially available.
" The Japanese fish sauce Ishiru used in the experiments was provided from a
local market in Kanazawa-city, Ishikawa-prefecture, Japan. "

A Shimadzu (Kyoto, Japan) UV-visible spectrophotometer (UV-1600)
was used for measuring turbidity of L. delbrueckii test culture in the microbio-
Jogical By, assay method. A fully automated chemiluminescence B, analyzer
ACS 180 (Chiron Diagnostics, East Walpole, MA) was used for B, assay.

Methods
Assay of Vitamin By,

B, was assayed by the microbiological method with L. delbrueckii ATCC
7830 and a By, assay medium (Nissui, Tokyo, Japan), and by the fully
automated chemiluminescence B, analyzer ACS 180 (IF-chemiluminescence)
as described previously.™

Purification of Corrinoid Compounds from the Fish Sauce Ishiru |

One liter of the fish sauce Ishiru was added to 1 L of 0.1 mol/L acetate
buffer, pH 4.8, containing 10 mmol/L. KCN. Total B, was extracted from
the solution by boiling for 30min, in the dark, at 98°C. The extraction
procedures were done in a Dalton (Tokyo, Japan) draught chamber with
fume hood. The boiled solution was cooled to room temperature and used
for purification of corrinoid compounds. Amberlite XAD-4 resin (500 g),
washed with SL of methanol and equilibrated with distilled water, was
added to the boiled solution and stirred for 3 hr at room temperature in the
dark. The resin suspension was passed through a glass funnel (Buchner
type) with a glass filter (type 25G1, Iwaki, Tokyo, Japan) and the resin was
washed with 5L of distilled water. The washed resin was added to 1L of
80% (v/v) methanol solution, and stirred for 3hr at room temperature in
the dark. The resin suspension was passed through the glass funnel.
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The 80% (v/v) methanol eluant (about 1L) containing corrinoid compounds
was pooled, evaporated to dryness under reduced pressure, and dissolved in
30 mL of distilled water.

After a column (24 x 120mm?) of Cosmosil 140C18-OPN (Nacalai |
Tesque, Kyoto, Japan) was washed with 75% (v/v) ethanol solution and equi-
librated with distilled water, the solution was put on the column and eluted with
a linear gradient (0—90% v/v) of ethanol. The B,-active fractions were assayed
by the IF-chemiluminescence method, pooled, evaporated to dryness under
reduced pressure, and dissolved with a small amount of distilled water. The con-
centrated solution was purified by silica gel 60 TLC, which was developed with
2-propanol/NH,OH (28%)/water (7:1:2 v/v/v) as a solvent, in the dark, at
room temperature. The dried TLC sheets were fractionated by cutting them
into small pieces. Corrinoid compounds were extracted from the pieces with
80% (v/v) methanol, evaporated to dryness under reduced pressure, and
dissolved in a small amount of distilled water. The B ,-active fractions were
assayed by the IF-chemiluminescence method. The concentrated solution was
. further purified by HPLC, using a Shimadzu HPLC apparatus (LC-6A Pump,
SPD-6A Spectrophotometer, CTO-6A column oven, C-R6A Chromatopac).
The sample (100 wL) was put on a reversed-phase HPLC column (Wakosil-II
5C18RS, ¢ 4.6 x 150mm?; particle size, 5 m) equilibrated with 20% (v/v)
methanol solution containing 1% (v/v) acetic acid at 35°C. The flow rate
was 1 mL/min. The corrinoid compounds were isocratically eluted with the
same solution, monitored by measuring absorbance at 278 nm, and collected
at 1 mL with a Bio-Rad Laboratories fraction collector (Model 2110). The
B»-active fractions were assayed by both microbiological and IF-chemilumi-
nescence methods. Bjs-active fractions were separated as two peaks. Each
peak was pooled, evaporated to dryness under reduced pressure, and dissolved
in 0.1 mL of distilled water. Each concentrated solution was put on a silica gel
60 TLC sheet and developed with 2-propanol/NH,OH (28%)/water (7:1:2
v/v/v) as the mobile phase, in the dark, at 25°C. Each pink-colored spot on
the dried TLC sheet was collected, extracted with 80% (v/v) methanol, evapor-
ated to dryness under reduced pressure, and dissolved in 20 uwL of distilled
water, and used as a purified corrinoid compound.

Analytical TLC and HPLC

The concentrated solutions (2 uL) of each corrinoid compound purified from
the fish sauce, and cyanocobamides (benzimidazolyl-, 5-hydroxybenzimidazolyl-
, and 7-adenyl-cyanocobamides) were spotted on the silica gel 60 TLC sheet and
developed with 2-propanol/NH,OH (28%)/water (7:1:2 v/v/v) as the mobile
phase, in the dark, at 25°C. The TLC sheet was dried and R values of the pink-
colored spots of the corrinoids were determined.
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In the case of HPLC, the concentrated solutions (2 wL) of each purified
corrinoid compound and these cyanocobamides, were analyzed with the
reversed-phase HPLC column (Wakosil-l 5CI8RS, ¢ 4.6 x 150mm?*;
. particle size, 5 um) and the Shimadzu HPLC apparatus. The corrinoids were
isocratically eluted with 20% (v/v) methanol solution containing 1% (v/v) acetic
acid at 35°C, and monitored by measuring absorbance at 278 nm. The retention
times of these corrinoids were determined at the flow rate of 1 mL/min.

RESULTS AND DISCUSSION

The Japanese fish sance Ishiru, which was made from squid by a
traditional food manufacturing process, contained the highest amount of B,
(5.5 + 2.3 1g/100g) among various fish sauces tested using the IF-
chemiluminescence method. '

To determine whether the corrinoid compounds found in the fish sauce
“Ishiru” are true B, or inactive corrinoid compounds for humans, corrinoid
compounds were purified and characterized. Figure 1 shows elution profiles
of corrinoid compounds from the fish sauce Ishiru on a reversed-phase
HPLC during purification. Corrinoid compounds were eluted as two
peaks (main and minor) when assayed by both microbiological and
IF-chemiluminescence methods. Each final purified preparation gave a single
pink-colored spot by TLC on silica gel 60 (Fig. 2).

The purified corrinoid compounds, authentic B,, and cyanocobamides
(7-adenyl-, S-hydroxybenzimidazolyl-, and benzimidazolyl-cyanocob-
amides), which occur in bacteria, were analyzed by silica gel 60 TLC
and reversed-phase HPLC (Table 1). The R; value (0:61) of the main
corrinoid compound I was identical to the value of authentic By, of
which the retention time (9.4 min) was also identical to that of the main
corrinoid compound in reversed-phase HPLC. Ry value and retention time of
the minor corrinoid compound II were not identical to those of any authentic
corrinoids tested.

Further detailed information on the fish sauce corrinoid compounds was
not available because large amounts of the purified samples were not obtained
for NMR study. '

Although some (5-hydroxybenzimidazolyl- and benzimidazolyl-cyano-
cobamides) naturally occurring corrinoid compounds are fully active for the
binding of IF™ and growth of L. delbrueckii ATCC7830,%) 7-adenylcyanoco-
bamide reveals moderate affinity to IF®! and is inactive for pernicious
anemia.’® Although corrinoid compounds inactive for the binding of IF are
probably not absorbed in mammalian intestine by-the IF-mediated system,
the minor corrinoid compound Il was capable of binding to IF. We have no
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Figure 1. Elution profiles of corrinoid compounds from a Japanese traditional fish
sauce “Ishiru,” during a reversed-phase HPLC in the purification steps. Corrinoid
compounds were determined by the microbiological method. (A) Fractions 1-5 (I),
6-12 (), 13-20 (IID, and 21-25 (IV) were combined and assayed for corrinoid
compounds by the IF-chemiluminescence method. (B) Data present a typical elution
pattern of corrinoid compounds by HPLC from three experiments.

information available on whether the minor corrinoid compound II is active or
inactive for humans.

Areekul et al."'! have reported that a human would obtain 0.1-0.4 ug of
B, per day from fish sauce in Thailand. Fish sauce may not be suitable for
use as a good source of B,, judging from the low daily intake [4.2—-16.7% of

¢- Compound {

<~ Compound i
Figure 2. Silica gel 60 TLC pattern of the purified corrinoid compounds. Data

present a typical migration pattern of the purified corrinoid compounds by TLC
from three experiments.
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Table 1. Rp values and retention times of the purified corrinoid
compounds, authentic B, and cyanocobamides on TLC and HPLC.

. TLC (Ry) HPLC (min)
Main compound [ ' - 0.61 ‘ 9.4
Minor compound II 0.55 14.5
Bis o 0.61 9.4
Benzimidazolylcyanocobamide 0.57 7.3
5-Hydroxybenzimidazolylcyanocobamide 0.49 7.0

7-Adenylcyanocobamide 0.48 7.7

the recommended dietary allowance for adults (2.4 pg/day)] and the possibility
that the unidentified corrinoid compounds generally occur in various fish
sauces.?]
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The recommended dietary allowance (RDA) of vitamin B (Bg) for Japanese was formulated for the
first time in the 6% revised National Reference Intake in Japan. The RDA of infant is 0.1mg/day in the
6™ revision. Milk intake of infant was caleutated to be 850 ml/day in the 5" revised RDA, however it
was set at 750 ml/day based on investigation in the 6" revised RDA. The B intake of infant deeply
depended on the content of By in breast milk. Thus we determined the B, contents in breast milk of
Japanese womer.

Milk samples were collected from 25 healthy nursing women whose infants were 2 ~ 5 ages in
month. Total Bs content in milk was quantified by HPLC. The average content of By was 0.25 mg//
breast milk. This value was not different from those of other studies and the datum in 6™ revised RDA.
Key Words: vitamin B, human milk , fapanese women , infant , RDA
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Literature Year . Bgcontentin Methods of analysis
human milk (mg/)
West and Kirksey 1976 0.13 microbiological assay
Thomas et al. 19 1979 0.204 microbiclogical assay
Thomas ef al. © 1980 - 021 microbiological assay
Borschel er al. % 1986 0.11~0.33 microbiological assay
Andon et al. M 1989 0.124% - microbiological assay
Morrison and Driskeil 1985 0.162% HPLC
Present study 2004 0.25 HPLC
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