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Figure 5.7. In vitro effect of nitric oxide (NO) generated from SIN-1 on expression of adhesion mole-
cule, CD44, in LM-2 melanoma cell line. After LM-2 melanoma cells were incubated with various con-
centrations of SIN-1, NO generator for 4 hours, they were washed and stained with anti-CD44 antibody
conjugated with FITC. Then their fluorescence intensity was measured by using Flow cytometer. Values
are means + SD; significantly different from the culture with medium only (*P < 0.05).

lished in epidemiological and experimental studies. It is known that patients either with
newly diagnosed cancers or with metastases or who are undergoing therapy have statisti-
cally significant less blood, urine, and hair Se than age- and sex-matched healthy controls.
It seems that Se supplementation is important for cancer patients because Se has an abil-
ity to enhance various humoral and cellular immune responses. A

The ability of C57BL/6J mice, maintained for 8 weeks on a Se-deficient (0.02 ppm Se),
normal (0.20 ppm Se), or Se-supplemented (2.00 ppm Se) diet, to generate cytotoxic lym-
phocytes (CTL) and to destroy tumor cells was examined. Lymphocytes from mice fed the
Se-supplemented diet had a greater ability to destroy tumor cells than those from mice fed
the normal diet, whereas Se deficiency reduced the cytotoxicity (Roy et al, 1990). In addi-
tion, it is proposed that the enhancement of in vivo cytotoxicity of NK or CTL following
Se supplementation is likely to act synergistically with tumor growth inhibition in the
reduction of tumor incidence (Fig. 5.8) (Petrie et al. 1989). It seems that Se’s direct effects
on host defense cells to suppress or enhance their actions as well as effects on tumor cells
occur in the promotion phase (Talcott et al. 1984).

Zinc is also an important nutrient for maintaining cellular immune functions. Zinc sta-
tus was determined in patients with newly diagnosed squamous cell carcinoma of the oral
cavity, oropharynx, larynx, and hypopharynx. In this case, patients with metastatic disease
and with severe comorbidity were excluded. Results showed that approximately 50% of
the subjects were zinc-deficient based on cellular zinc criteria and had decreased produc-
tion of Thl cytokines but not Th2 cytokines, decreased NK cell activity, and decreased
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Figure 5.8. Changes in the activity and the proportion of natural killer (NK} cells in peripheral blood
lymphocytes (PBL) of subjects with Aojiru drinking for 4 weeks. Nineteen female university students
were selected as subjecis (aged 20 to 22) in this study. They daily drank 90 ml of Aojiru juice for 4 weeks.
At 2 and 4 weeks, peripheral blocd was taken and their PBL were isolated. NK activity in the vertical axis
and proportion of NK cell subset in the horizontal axis were plotted. As shown in this figure, NK activi-
ty of subjects with lower proportion of NK cell subset was largely enhanced following Acjiru drinking.

proportion of CD4*CD45RA" cells in the peripheral blood (Prasad et al. 1998). Zinc con-
centration in polymorphonuclear cells was also decreased in the hospitalized subjects

(Goode et al, 1991),

ROLE OF SOME FooDS IN CANCER PREVENTION AND IMMUNITY

Both epidemiological and animal studies have found anticarcinogenic potential in garlic
and its constituent compounds. A review on a historical perspective on garlic and cancer
was recently published (Milner, 2001). This review shows that water- and lipid-soluble
allyl sulfur compounds have an ability to block experimentally induced tumors in a vari-
ety of sites including skin, breast, and colon, which mechanism is related to changes in
DNA repair and immunocompetence. In vitro effects of garlic derivative (alliin) on both
peripheral blood mononuclear cell (PBMC) proliferation and cytokine production induced
by the mitogen were examined and increases in pokeweed mitogen (PWM)-induced lym-
phocyte proliferation, and interleukin (IL)-1 beta and tumor necrosis factor (TNF)-a pro-
ductions were found (Salman et al, 1999). Lamm and Riggs (2001) have also reviewed the
antitumor effect of garlic and described that the immune stimulation of garlic is able to
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reduce the incidence of cancer. In addition, it has been also reported that aged garlic
extract (AGE) significantly inhibits the growth of Sarcoma-180 (allogenic) and LL/2 lung
carcinoma (syngenic) cells transplanted into mice and increases natural killer (NK) and
killer activities of spleen cells in Sarcoma-180-bearing mice (Kyo et al. 2001).

In Japan, 40,000 households periodically purchase and drink Aojiru. Aojiru is named
from its color and is a juice prepared from kale, which is a plant related to cabbage. The
beneficial effect of Aojiru was investigated by measuring the activity of natural killer (NK)
cells, which play an important role in protecting the body from bacteria and viral infec-
tions, and in excluding transformed cells and suppressing carcinogenesis (Cooley et al.
1999, Hirose and Kuroda 1999, and Baraz et al. 1999). NK activity of splenocytes from
rats fed the freeze-dried Aojiru supplemented diet was about three times higher than that
of control rats (Moriguchi and Muraga 2000).

To investigate its mechanism, the effect of Aojiru drinking on NK activity of peripher-
al blood lymphocytes of young female university students was examined. NK activity fol-
lowing Aojiru drinking for 4 weeks was significantly increased. As shown in Figure 5.8,
the enhancement of NK activity is due not-to increased proportion of NK cells but to
increased activity of NK cell per se (Ogawa et al. 2001). Measuring cytokines in serum of
these subjects, there was a significant increase of interleukin-2 (IL-2), inducing the acti-
vation of NK celis, after 4 weeks of Aojiru drinking (Fig. 5.9).
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Figure 5.9. Plasma concentration of IL-2 in female university students following Aojiru drinking for 4

weeks, Values are means + SD (n = 19); significantly different from plasma concentration of IL-2 of sub-
Jjects before Agjiru drinking (**P <Q.01).
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These results suggest that the intake of some foods having immunoenhancing effect is
beneficial for preventing carcinogenesis and maintaining health.

CONCLUSION

Nutritional supplementation is important for both maintenance of host immune function
for perioperative cancer patients and the suppression of cancer incidence and promotion,
As described in this chapter, there are many nutrients having immunoenhancing
effects. Some of them act directly to inhibit tumorigenesis and tumor growth. Even if can-
cer patients fall into the immunodeficient status following malnutrition, enteral or par-
enteral nutrition for supplying adequate nutrition can improve their nutritional status and
immune functions and result in prolonging their survival time. In addition, to protect
tumorigenesis in our body simply and with certainty, we have two options: one is not eat-

ing foods with possible carcinogens and the other is eating foods with immunoenhancing
effects described in this chapter. '
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Characterization of Corrinoid Compounds from a Japanese
Black Tea (Batabata-cha) Fermented by Bacteria

HRoM1 KITTAKA-KATSURA,*! SYUHEL EBARA,F FUMIO WATANABE,! ‘AND
YosHiHIsA Nakanot
Department of Food and Nutritioﬁ, Kyoto Women’s University, Kyoto 605-8501, Japan,

Department of Applied Biological Chemistry, Osaka Prefecture University, Sakai 599-8531, Japan,
and Department of Health Science, Kochi Women's University, Kochi 780-8515, Japan

A Japanese fermented black tea (Batabala-cha) contained a considerable amount of vitamin Bs,
(456 + 3% ng per 100 g dry tea leaves and 2.0 & 0.3 ng per 100 mL of tea drink). A corrinoid compound
was partially purified and charactetized from the tea leaves. The patterns of the purified compound
by the silica gel 60 thin-layer chromatography and C18 reversed phased high-performance liquid
chromatography were identical to those of authentic vitamin B;;. When 20 week old vitamin Bz
deficient rats, which excreted substantial amounts (about 250 mg/day) of methylmalonic acid in urine
as an index of vitamin B, deficiency, were fed the tea drink (50 mL/day, 1 ng of vitamin B,,) for 6
weeks, urinary methylmalonic acid excretion (169 + 29 mg/day) of the tea drink-supplemented 26
week old rats decreased significantly relative to that (250 & 32 mg/day) of the deficient rats. The
results indicate that the vitamin By, found in the fermented black tea is bicavailable in mammals.

KEYWORDS: Vitamin B,z; cobalamin; corrinoid; tea; vitamin B deficient rat; methylmalonic acid; hepatic

vitamin Bz

INTRODUCTION

In manufacturing processes of black teas fermenied by
bacteria, such as Pu’erh tea, tea leaves are heat-treated with
steam or roasting and then fermented with certain naturally
occurring bacteria (7). Thus, they are completely different from
the types of self-oxidized black teas (Keemun tea and Darjeeling
tea, etc.). These black teas fermented by bacteria, which are
found in some Asian countries, may contain various vitamins
and/or biofactors synthesized by the concomitant bacteria.

Vitamin Bz (By2) is synthesized only in certain bacteria (2).
Usual dietary sources of B, are known to be animal products
but not plant products (3). If the fermented black teas contain
considerable amounts of By, the black tea would contribute to
human Bi» needs, especially for vegetarians.

Here, we describe the partial purification and characterization
of a corrinoid compound from Japanese fermented black tea
(Batabata-cha) leaves and also investigated the effect of feeding
the tea drink on the B, status of B, deficient rats.

MATERIALS AND METHODS

Materials, Cyano-B;; was obtained from Wako Pure Chemical
Industries (Osaka, Japan). A By, assay medium for Lactobacillus
delbrueckii subsp. lactis (formerly Lactobacillus leichmannii) ATCCT830

* To whom correspondence should be addressed. Tel: +81-75-531-7119.
Fax: +81-75-531-7170. E-mail: kittaka@kyoto-wu.ac.jp.

t Kyoto Women's University. :

# Qsaka Prefecture University.

$ Kochi Women’s University.

was obtained from Nissui (Tokyo, Japan). Silica gel 60 thin-layer
chromatography (TLC) aluminum sheets were obtained from Merck
{Darmstadt, Germany). All other reagents used were of the highest
purity commercially available. Japanese fermented black tea (Batabata-
cha) Jeaves and the tea drink were provided by Asahi, Ltd. (Toyama-
city, Japan).

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

Extraction of Corrinoid Compounds for the Determination of
Biz Content of the Tea Leaves. The dried tea leaves (5 g) were
powdered by 2 food mill and then suspended in 50 mL of 0.25 mol/L
acetate buffer, pH 4.8, containing 0.2% (w/v) KCN as cyanation for

stabilization. The total corrinoids were extracted from the suspension

by boiling for 60 min at 98 °C in the dark. The suspension was

- centrifuged for 10 min at 5000g, and the supernatant was used for the

Bz assay.

Concentration of the Fermented Black Tea Drink. For the
determination of By in the tea drink, B> was concentrated with a Sep-
Pak Vacc 20 em? (5 g) C18 cartridge (Waters Corp., Milford, MA).
After the C18 cartridge was washed with 75% ethanol and equilibrated
with distilled water, an aliquot (50 mL) of the drink was put on the
cartridge. By, was eluted with 50 mL of 25% ethanol, and the eluate
was evaporated to dryness under reduced pressure, dissolved in 1.0
mL of distilled water, and used for the B, assay.

Assay of Byz. Biz was assayed by the microbiological method with
L. delbrueckii subsp. lactis ATCC 7830 and a By; assay medium
(Nissui) and by the chemiluminescence By, analyzer with intrinsic factor
{IF) as described previously (4). The above By extract and the
concentrated drink were directly applied 10 the chemiluminescence

10.1021/{030585r CCC: $27.50  © 2004 American Chemical Society
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analyzer, They were diluted with distilled water to a By concentration
range of 0.01—-0.1 ug/L and used as samples for the microbiclogical
method.

Purification of Corrinoid Compounds from the Fermented Black
Tea. About 0.5 kg of the dried tea leaves was powdered by a model
MX-X51-H food mill (National, Osaka, Japan}, and suspended in 2 L
of .25 moVL acetate butfer, pH 4.8, KCN was added to the suspension
at the final concentration of 10 mmol/L. Total B,z was extracted from
the suspension under the same conditions described above. The boiled
suspension was centrifuged at 10 000g for 10 min. The supernatant
was used for purification of corrinoid compounds. Amberlite XAD-4
resin (500 g) washed with 5 L of methanol and equilibrated with
distilled water was added to the supernatant fraction and stirred for 3
h at room temperature in the dark. The resin suspension was passed
through a glass funnel {Buchner type) with a type 25G1 glass filter
(Iwaki, Tokyo, Japan), and the resin was washed with 5 L of distilled
water. One liter of 80% methanol solution was added to the washed

resin, and the suspension was stirred for 3 h at room temperature in

the dark. The resin suspension was passed through the glass funnel.
The 80% methanol eluant (about 1 L) containing corrinoid compounds
was pooled and evaporated to a final volume of 20 mL under reduced
pressure. The solution was put on a 24 mm x 70 mm column of
Cosmosil 140C18-OPN (Nacalai Tesque, Kyoto, Japan), which was
washed with 75% ethanol solution and equilibrated with distilled water.
A corrinoid compound was ¢luted with 100 mL of a linear gradient
(0—25%) of ethanol, The Bz active fractions assayed by the micro-
biological method were poocled, evaporated to dryness under reduced
pressure, and dissolved in a small amount of 70% 2-propanol solution
containing 2.8% NH4OH. The solution was put on a silica gel 60 TLC
sheet and developed with 2-propanol/28% NH,OH/water (7:1:2) as a
solvent in the dark at room temperature. The dried TLC sheet was cut
into small pieces (0.5 cm x 1.0 cm) with scissors. Corrinoid was
.extracted from the pieces in 70% 2-propanol selution containing 2.8%
NH,OH several times, and the extract was evaporated to dryness under
reduced pressure, dissolved in 1.0 mL of distilled water, and used as
samples for the microbiological B; assay. The B, active fractions
assayed by the microbiological method were pooled, evaporated to
dryness under reduced pressure, and dissolved in a small amount of
distilled water. The concentrated solution was further purified by high-
performance liquid chromatography (HPLC) using a Shimadza HPLC
apparatus consisting of a LC-6A pump, SPD-6A spectrophotometer,
CTO-6A column oven, and C-R6A Chromatopac. The sample (100
#L) was put on a 150 mm x 4.6 mm i.d., 5 gm, Wakosil-II SCI18RS
reversed phase HPLC column equilibrated with 20% methanol solution
containing 1% acetic acid at 35 °C. The flow rate was 1 mL/min. The
corrinoid compound was isocratically eluted with the same solution,
monitored by measuring absorbance at 278 nin, and collected in 1 mL
fractions. The By active fractions assayed by the microbiological
method were collected, concentrated, and used as a purified corrinoid
compound.

Analytical TLC and HPLC of Corrinoid Compound Purified
from the Black Tea. The concentrated solution (10 zL) of corrinoid
compound purified from the tea leaves and authentic cyanc-Bia was
spotted on the silica gel 60 TLC sheets and developed with solvents I
[2-propanol/NH,OH (28% ) water (7:1:2)1 and II [1-butanol/2-propanol/
water (10:7:10)] in the dark at room temperature. The TLC sheets were
dried, and Ry values of the pink-colored spot of cyano-Biz were
determined.

The TLC sheets were also cut into small pieces (0.5 cm x 1.0 cm)
with scissors. Corrinoids were exiracted from the pieces in 80% (v/v)
methano! several times, evaporated to dryness under reduced pressure,
dissolved in 1.0 mL of distilled water, and used as samples for the
microbiological Bz assay.

In the case of HPLC, the concentrated solutions (10 uL} of the
purified corrinoid compound and authentic cyano-B;; were analyzed
with the same reversed phase HPLC column as used for purification.
The corrincids were isocratically eluted with 20% methanol solution
containing 1% acetic acid at 35 °C and monitored by measuring
absorbance at 278 nm. The retention times of corrinocids were
determined at a flow rate of L mL/min, The eluate from the HPLC
column was collected, evaporated to dryness, dissolved in 1.0 mL of
distilled water, and used as samples for the microbiological B assay.
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Animals and Experimental Diets. Fifteen male Wister rats (20
weeks old), born to 14 week oid parents fed on a B), deficient diet for
8 weeks, were used. The B, deficient diet fed to the parents contained
(g/kg diet): 400 soyabean protein (Fuji Oil Ltd, Osaka, Japan}, 438
anhydrous glucose (Nacalai Tesque Lid., Kyoto, Japan), 100 soyabean
oil {Nacalai Tesque Ltd.), 50 salt mixture, 5 di-methionine {Nacalai
Tesque Ltd.), and 5 B ;-free vitamin mixture and 2 choline chloride
(Nacalai Tesque Ltd.), as described previously (3). The 3. week old
weanling rats were housed in individual metabolism cages at 24 °C in
a roomt with a 12 h light—dark cycle. They were given free access to
16 g/day of the B,z deficient diet and distilled water for 17 weeks. In
the feeding experiments, the 20 week old B deficient rats (four rats/
group) were given free access to 16 g/day of the B, deficient diet and
50 mL of either distilled water, authentic cyano-B ; solution (1 ng of
Bz per 50 mL), or the tea drink (} ng of B\, per 50 mL) for 6 weeks.
All experimental procedures involving laboratory animals were ap-
proved by the Animal Care and Use Comunittee of Osaka Prefecture
University.

Urinary Methylmalonic Acid Assay. The urine of the B; deficient,
cyano-Bz-supplemented, and tea drink-supplemented rats was sampled
for 24 b in individual methabolic cages at weeks 0, 1, 2, and 6 during
the experiments, Urinary methylmalonic acid was assayed by HPLC
as described previously (6).

Extraction of By; from Rat Liver. After food was withheld from
the 26 week old rats overnight, the rats were killed by decapitation
under diethyl ether anesthesia. Livers were washed with a chilled ©
g/L NaCl solution, weighed, and stored at —80 °C until analyzed. A
portion (1 g) of the liver was cut into small pieces using a razor blade
and homogenized in 10 times its volume of 10 mmol/L acetate buffer,
pH 4.8, By was extracted from the liver homogenate by boiling with
KCN at acidic pH as described above and assayed by the microbiologi-
cal assay. '

Statistics. Statistical analysis was performed using GB-STAT5.4
(Dynamic Microsystems, Inc., Silver Spring, MD). One way and two
way repeated measure analysis of variance (ANOVA) were used for
assay of hepatic B2 and urinary methylmalonic acid in the animal
feeding test, respectively. When ANOVA results were significant, a
posthoc two-tailed Student’s s-test also was performed and considered
significant at P < 0.05.

RESULTS AND DISCUSSION

B;z Content Determination. The Bz contents were deter-
mined by two methods, the IF-chemiluminescence and the
microbiological methods. The By contents of the dry tea leaves
were 456 + 39 ng and 368 + 56 ng per 100 g dry weight by
the IF-chemiluminescence method and the microbiological
method, respectively. In the case of Bz, contents of the tea drink
used for the feeding experiments were 2.0 £ 0.3 ng and 2.0 +
0.8 ng per 100 mL by those two methods, respectively. Although
B2 contents were considerably lower in the black tea drink than
in cow’s milk (0.3 2g/100 g) (7), which greatly contributes to
the By, intake of U.S. adult women (§), this is the first report
on the occurrence of By, in tea leaves and their drinks.

Characterization of the Corrinoid Compound from the
Black Tea. A comrinoid compound was purified from the tea
leaves. The purified corrinoid compound and authentic cyano-
B2 were analyzed by TLC and HPLC. The Ry values for the
purified compound were 0.64 and 0.22 on silica gel 60 TLC in
solvents I and II, respectively. These values were identical to
those for authentic cyano-B 2. The retention time of authentic
B3 by reversed phase HPLC was 9.4 min; it was also identical
to that of the purified compound. These results strongly suggest
that the compound purified from the fermented tea leaves is
true Bya but not corrinoid compounds inactive for humans, UV
vis spectroscopy and NMR spectroscopy could not be deter-
mined because a substantial amount of the purified compound
was not obtained. s

Feeding Test of the Tea Drink with the B2 Status of By
Deficient Rats. To cvatuate whether the Bz found in the tea
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Table 1. Effects of Feeding the Fermented Black Tea Drink on Urinary
Methylmalonic Acid of Bz Deficient Rats?

urinary methylmalonic acid {mg/day)

groups controd CN-B12 supplement tea drink supplement
week ¢ 246+ 512 253 £ 412 251 £358
week 1 246 + 322 200 £ 25 181 £ 662
week 2 251 £1042 218+ 350 151 £50°
week 6 250+ 328 201 £ 282 169 £ 29°

2 The 20 week old By deficlent rats (four rats/group) were given free access to
50 mL of either distilled water, the ¢yano-By» solution (1 ng/50 mL), or the tea
drink (1 ng of B12/50 mL) per day. ®The mean values with different superscript
letters are significanily different; P < 0.05.

Table 2, Hepatic By» Contents of the 26 Week Old By, Deficient Rats
Fed the CN-Byz Solution and Tea Drinks

groups By contents (pg/g wet tissue)
control 746 £ 970
CN-Bs2 supplement 768 x 1298
fea drink supplement 1473 + 2520

#The 20 week old By deficient rats (four rats/group} were given free access to
50 mL of either distilled water, the cyano-By, solution (1 ng/s0 mL), or the tea
drink {1 ng of By2f50 mL) per day. 2The mean values within a column with different
superscript fetlers are significantly different; P < 0.01.

Jeaves is absorbed in the mammalian intestine and accumulated
in the liver, feeding experiments of the tea drink to 20 week
old B> deficient rats were conducted. There was no significant
difference in the intakes of the diet and drink (water, cyano-
B2 solution, or the tea drink) among the rat groups during the
experimental time course. When the 20 week old B2 deficient
rats, which excreted substantial amounts of methylmalonic acid
{about 250 mg/day) in urine {as an index of B,z deficiency),
were given the tea drink (1 ng of B2 per day) for 6 weeks,
urinary methylmalonic acid excretion of the tea drink-
supplemented 26 week old rats decreased significantly relative
to the B2 deficient (control} rats, but that of the cyano-Byy-
supplemented rats did not (Table 1).

Although the rate of growth (61.6 £ 18.2 g) of the By,
deficient rats given the tea drink had a tendency to be greater
than that of the control (28.2 & 7.4 g) and cyano-Bio-
supplemented (20.6 £ 15.8 g) rats during the experiment, there
was no significant difference in body weight among the rats
fed the three experimental drinks after 6 weeks.

The hepatic B1z contents were about 2-fold greater in the tea
drink-supplemented rats than in both control and cyano-Bs-
supplemented rats (Table 2); there was no significant difference
in the hepatic By, contents between control and cyano-Bj,-
supplemented rats. Although the methylmalonic aciduria of the
B, deficient rats could not be completely recovered by the 6
week feeding of the tea drink, the significant increase in the
hepatic B2 content of the tea drink-supplemented rats indicated
that the feeding of the tea drink considerably improved B2 statue
in the B, deficient rats.

Qur previous study (9) has indicated that urinary levels of
methylmalonic acid became undetectable in the Biz deficinet
rals fed a cyano-B); (about 100 ng/day)-supplemented diet for
10 days. In this study, however, the cyano-Bj; (1 ng/day)-
supplemented 26 week old rats did not show both significant
recovery of methylmalonic aciduria and increase in hepatic By,
content. Even the 26 week old B, deficient rats given the tea
drink did not completely recover from methymalonic aciduria.
The results may be due to a lesser By; content (I ng/day) of the
administered authentic Bz and tea drink. We did not use any
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concentrated or purified compound from the tea leaves because
of evaluation for bicavailability of By found in the tea drink
commercially available for humans,

Our preliminary experiments indicated that considerable
amounts of the coenzyme B2 (adenosylcobaramin and meth-
ylcobalamin) were found in the tea leaves and that the By, found
in the tea drink existed as a free form (without binding to a
macromolecular compound). These results suggest that the Byy
found in the tea drink would be assimilated more easily in the
B deficinet rats than authentic cyano-Bia.

The results presented here indicate that the By; found in the
Japanese black tea (Batabata-cha) fermented by bacteria is
bicavailable in mammals, Although only 1—2 L of the fermented
tea drink (20—40 ng of Byy) is not sufficient to satisfy the
recommended dietary allowance (2.4 ug/day) for human adults,
intakes of various By;-containing plant foods [purple and green
lavers {10), Chlorella tablets (1), and the fermented tea extract]
would contribute to prevention of B|; deficiency for vegetarians.
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By vBufe 58 & URZ Euglena gracilis ZOEBICHED £ 4 3 VBLkEHEE A + 4 = v EEBERE
BORBEMFT Lic, AMREHRIEIE S § VBB S5 BuglenalBIaTHE 2 B H OS85 THRK
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Abstract

To verify physiological roles of vitamin B, (or cobalamin)-dependent methionine synthase in
the vitamin By-requiring protozoan Fuglena gracilis 7, the time course of changes in the
enzyile act1v1ty during FBuglena cell growth was studled The enzyme activity of the vitamin
Bm-SufﬁClE}{/ Euglena cells reached a maximum (2.Inmol/min/10%cells) at the early logarithmic
growth phase and significantly decreased thereafter. While that of the vitamin Bp- def;c;ent
cells was significantly low (0.01-0.04nmol/min/10%cells) during cell growth. Preliminary
experiments indicated that most of the enzyme activity found in a homogenate of the cells
grown for 2 days In the vitamin Bn—suffig%ﬁt medivm was recovered in the cytosolic fraction.
The enzyme activity, however, was found in the percoll-purified mitochondria and chloroplasts,

suggesting that the enzyme can function in methionine metabolism in the organelle.

Keywords © cobalamin, Euglena gracilis Z, methionine synthase, subcellular distribution,

vitamin B
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