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AL, MAEDFEHNERE CBL,EAEXRE L, TORKR, BHPIZ B,
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St - AERTotr,. FOMEE, MAMFNEEEIZBWT CoSO, #IMIZ X
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BIRFFEE W SCHE (BEKTFRE CEEFEE @EREFH)
SRR E EA BEE (BALKTRE AEREE REREFER)
1. BB

BB N F(Spiruling sp)DEGE LTOFBOEFITELS, ¥ 8
JEEHEERBSRENILER TS, £, BRABTE LY S 2 MES
#F (EFILRIXTL) bEEICEENTEY, ALY FHEEEERE
EOCENRFERL LTRASA TS, FE, ALY FICEHE YA VR
B Y, - BREEEOTEER 2, 7 LS —{EH 9% EOBEERT b
EENTVRZE AL, T, ALV TOLAEEDS 0%
PUEIZREHEMSICEDN TR Y, BEEASLERANEOAE T - AE®E -
FomEMR Er SRS h TV 5B, | '
HIE, ALY FEERRmE e LCHATIBAH—EL 2oT W5
HFITe&I B, (B, THD, EF, B, DXZREICEIDFAEVART
S URBMBERLBOLERER~OBEREAF LR ERALNERD, $i2
MEIRIEE - BAREEORERE LTOKBMNERLRESH, REEESH
TVWBEHIVTHEY, RABEOT THLAE LY FRBMERRICOHRE
TN5 B, b RBCEDI LREENREETHIN, REFBHELL LTRE
LTWARENLY FERICEEND B, XMW EBYNF AT Z LR TERN
B, t&MThHhAZEERBTIRINBESINTVED, TIT, Faid
BRENTWDAELY FEAIICEENS B, ba W% Bk LEEMICRE L
B, WALBWICR VW CERMICREMS Pseudo-By, Thd L Z&I1E LHTH
Bz Lz (Fig. 1) °,

FIT, REHPERKEMELTOALN ) FTOIORBENREE TRT 5
I, BRI ELD ANV T OBREHEARITH L TEENICHED R
B, ¥ it T 5 FEOEBMAREBAZ EHAMELT, XEAL) FOEE
BIOB,8HEICRIET Co L B, DEBIZOWTHRELE,

2. BFRFE
9.1 EREY L EEEH
ZENY FIE, MEEAMEK - ABRE 7+ — 7 L0 EHEFLLEAL
7= Spirulina platensis NIES-39 % B\ /=, S platensis NIES-39 i%, 500
mL BHaL_ &2 BWT 100 mL @ SOT 5#1 (Table 1) T 25°C, JEBRHT
(40 pmol photon/m%s) TIREEE L EFEHE CAES LMiEE ERICA
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2.2. CoSO, & B, iNE3# £H
BT 7 UAKME (28x44x29cm) &AWV T 25 L d SOT £ #ilZ CoSO,
(12 pg/L) B3 By, (10 pgll) (35 VT H) % WML 72 EREEHIC
FRoEEYE TEE LK S platensis NIES-39 ¥:3#& & 500 mL MMz <,
BRRCESYBE LN D 25°CT 20 BHEEE L, KB ITHENY
(0~10 B B) I% 40 pmol photon/m*s T, KE&EHH (11~20 A B) i 80 umol
photon/m?/s TH:# L7z, S. platensis NIES-39 OHIIAEFEE X, HRIEE 2
Hax e 7Y o LSS UV-1600 556 Es T 750 nm OREEE
RIE+ 5o L THMLE, |
$23% 00 A E CEFICELLEERY 3000 g 10 0MORLOBET DI &
CHERED -, E£DMITEREKTERE Liz%, EYELA #H8EGE R
(freeze dryer FDU-830; dry chamber DRC-1N)IC & b BRI LTc,  FolRde
EIZFTE®, —80°CTHE LT,

2.3 B, 0L L EEE

ZELYFHED B, DT KCN ExANWTITo ™, FELELEEL
A 0.5 g FREEL, 0.1 M EIEREEE (pH 5.0) 50 mL ICHBH%, BF
SRR T A — 1 L, — ORBIRIC 20 mg ® KCN #Mz, K77
NN s RS YE BT 30 AYREANEG M L, =IEE THEIR, 5000 g 10 S D=
DAy HE E W A EIX L By, MR & LT B, OEBICAVL,

B,, D EEIX, Lactobacillus delbruekii (IH4 L. leichmannii) ATCC7830
Wk A EREL By EEF VAV EONRTERAWALFEREALET

EEEToR,

2.4. BEMEK s u~ F7 7 74— (HPLO) IZ X2 Bu{t&M O

Fik o B, #iHIE 1.0 mL % Sep-pak Plus C18 #—h Y o Dk AWTE S
KE% | J-#%, Wakosil 5C18RS-II (4.6 x 150 mm)# 7 A% AT HPLC 5347
BITo7%, By (bA&WIT 1% (viv) BEBEED 20% (viv) A% —NVKE
WCHH L, HPLC 5 A0 b OBEHEENAZT T FRHERT 77 v a3
L7 &2 —7T1mL32o8HRL, BETTELEIARL—F - TRE ST,
sk 1 mlL FEESICIZBE LS, MENSHEREICE ) FESHO
B,aFEZELTL,
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3. WRFERER
3.1. ALY FTOEFICRIFET CoSO,BLU B, DEE .

B ES R RIZ BT W T S, platensis NIES-39 OAFIZXIET CoSO, & By,
DEBIcONWTHRSLE (Fig. 2), TDFER, S platensis NIES-39 04 F
WBWT BLld e 842 5 x oo lc, —F, CoSO,AMEEHIT IV TiT By,
TN BRI R 72 < MBI E TABTMEES L S ERm &2 R LA,
FEERbODTHERNoT, £, EFHMTRBVT CoSO, EIRMEEH D b D &
Fl—L_uehoiz, UEDKERND CoSO, & By, 1% S platensis NIES-39
DEBICMBE TRV ERTFRENT,

3.9. LY FOMBINEICRIET CoSO,# LU B, DEB
EFEREFRSLETC20 BEAE &®7- S platensis NIES-39 O 1 L %0
DN & LE L (Fig.3), TORE, WThOBBEEFECBVTHH
0.5 gt EE LML 2D, CoSO, & B,ik S platensis NIES-39 @i
INEEFEMESELZ 32 ok, ZOMRIE, LD S platensis NIES-39
DEBIZRIETHEREOBRLE LKL TV,

3.3. ALV FT DB, BEAEEICKIET CoSO,BLUV B,, DEE

RFBREESLMETC20 BEIAEEF SV S platensis NIES-39 BB EEA M2 D By,
AL, MAYMFHNERBECBL, 2R EXAIELE, ZORKR, HHFTIZ B,
AENMT A LICLAEER B, DEMEIRO ook, —F, FHHIZ
CoSO, #MT 5 Z LI LV EEIC B, B8R EMHEMLE (Fig.dA),

B, A& Z V7 EOARTERANEALERGETIE, WIhobobiE
W E B OEICEREFITENMEER R Lz, £, LERELETIIBREY
EephE EETRD b CoSO, IRMIZ L 2HER B, R EDHEMMBE- T2
B BN ot, —F, BT B, #2MT2 I LIV EEIC B&
HENHEMLE (Figd B), LL, 20 B, 8FE0OEMME, HFHIZEHN
L7 B,D1%RETHDZ & B, S platensis NIES-39 135451 D By, % i
BRNICEOAL - EETAERAEAE LRV ERTRINT,

HaOERED B, 2EEOBEILS OV TED By, I8 L TIMARENE
B LR NEREEICIVHEEEE R T IR BESh TS L 7o
&, S platensis NIES-39 O BIffi53% R TR Y bl CoSO IRMIC & 5 HFE
By, BEEOHMIE, NWETLOREEDE, B, kEBOERICEET S

ZENRHEES LT,
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3.4. ALY FIZEEND BulbamDmsir

CoSO, BNz X 2HE 72 B, S A EOHEMA AT RIEMLR B {LEWIC
IAH0NEI hERATHZHIC, C18 W HPLC #HAWT BLk&d®®
S AERToTc. TOME, MENEHEREICE T CoSO, FMIT &
DEBEZEICHEM LT B,bamit, EO B, Tid72< Pseudo-B,, DIEHIE &
—n%HEm Lc (Fig. 5) T ORI, CoSOMRMIC &Y EEFICHML K
| B, LA I ALEN D IZ I\ TEEICRIE MR Pseudo-B,, DAERICHEZ &
BRELTWD,

4. BE

A EEH R T L S platensis NIES-39 ® B, 5H &%, MEMFHE
BERLOIEERKIEL b, REFHELL LTHBICHBEL TS XYL
UFEEACEEND B,BHEE I —HLTWE, lRENL TV D AELY
Fgalc S EN5ER By, (LAMWH Pseudo-B, ThHBLVIMRL H—HL
TV,

Pseudo-By, i3t MR EBWAEIYICE VY TEEMICREETH 223, By ih
FPREER RS b T2V, La L, Herbert (3% X vV U FEEAFIC
EA&EFRBEO B, RHEEFEELE TS Bt EVRFET D REEEZHRE L T
W3, SEOHEND ALY FiE Co FEMMMTERET I LICLVIND
BT RENEYR By bAWOEREMA DI LR TEDZLBHALNE RS
7o '

WA ORI IISNRD B, ZERICRIAL - EETORANEZETLHIHODH
HAHNY, ALY FIIEEOE I REAR RN ERALLL RS, O
T Ly, EEMBPIC B, ZERMLAELVY FHEIC B, EBAEEDLZ &T By
BT AFERFATCERNI LERLTND,

PLEDRREMD, BREATELRAEMNRZA VY F~0 B, BLiEE, £8
B REMER (HAHWIE B, FHAEEFEEEETS) By baWoEREMZ
A7 0Ic Co REEMTAENL Y F2 KEREEL, HREEA~RETDHRIC
EEBLEEMT B L TBL,aRIETIHEREXLDN D,

il

5. S DIRE

B R CHE SN AN FICHEET D Pseudo-By, 13, AENYTEH
REBELTWDDD, H5VITHEERICERET 2MEICL D O EAREICT
Z)Mﬁﬁi&‘)é 2N F BHEMN Pseudo-B, DAMEEEZHET D72 HIE, By&
BRI Fﬁ]@ﬁ‘é@%?% EEFHETAZLICEIVED B, 8REEFET LAY
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M FORTFEBERNTBLERRDH B, |
$7, —BOMETHESN TS L) RHEBBREISICLY, BHihicy
RFPR R I B =V EERMT S LICLY Pseudo-By, HED B, ~
DEBEMRFENE IOV T HERFEOKHEH 2,
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Fig. 1.

0
CH,OH
Vitamin B,
Table 1. SOT medium.
NaHCO, 16.8 g
K,HPO, 05¢g
NaNO, 259
K,SO, 1.0g
NacCl, 1.09
MgSO, 7H,0 02g
CacCl, 2H,0 0.04 g
FesSO, 7H,0O 0.01g
Na,EDTA 0.08¢g
A solution 1 mL
Distilled water 999 mL

Pseudovitamin B,,

CONH, (e)

Structure of vitamin B,, and pseudovitamin B,,.

- A solution
H,BO, 286 mg
MnSO, 7H,0 250 mg
ZnSO, 7H,0 22.2 mg
-CuSO, 5H,0 7.9 mg
Na,MoQO, 2H,0 2.1 mg
Distilled water 100 mL
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Fig. 2. Effect of the addition of CoSO, and B,, on the
growth of Spirulina platensis NIES-39.

(O) - CoSO, — By,; (@) - CoSO,+ B,,; (1) + CoSO, — B,,;

(B) + CoSO,+ B,,. The data are representative of growth
pattern in the presence or absence of CoSO, and/or B, from
three independent experiments.
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Fig. 3. Effect of the addition of CoSO, and B,,
on the dry cell weight of Spirulina platensis
NIES-39. Data represent means*SD (n =3).
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Fig. 4. Effect of the addition of CoSO, and B,, on
the amounts of B,, in Spirulina platensis NIES-39.

(A) microbiological assay, (B) IF-chemiluminescence
assay. Group means with .different letters are
significant different (p < 0.05). Data represent means

+3D (n =3).

—396—



12

o
w

(A)

o
N
n

o
a
L

Absorbance at 278 nm

0.0-+==

0 07: 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.011.012.013.014.015.016.017.018.019.020.0
. o

(B)

0.050+

0.0254

Absorbance at 278 nm

0.000- ===

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.011.012.013.014.015.016.017.018.019.020.0

(C)

w
o

N
Q

N
e

Tubidity
(100-T% at 660 nm)

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.011.012.013.014.015.016.017.018.019.020.0

(D)

o

w
o

—

)
?

-
<

Tubidity
(100-T% at 660 nm)

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.011.012.013.014.015.016.017.018.019.020.0

Fraction number (1.0 mL)

Fig. 5. HPLC patterns of B,, compounds found
in Spirulina platensis NIES-39 grown in the
CoSO, (and B,,)-supplemented media.

(A) authentic B,,, (B) authentic pseudo-B,,;

(C) B,, compounds found in the algal cells grown in
the CoSO,-supplemented medium; (D) B,
‘compounds found in the algal cells grown in the
CoSO, and B,,-supplemented medium. The data
are representative of HPLC pattern of B,
compounds found in the algal cells from three
independent experiments.
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Study on Preparation of Nutrient-fortified Spirulina plantensis
(Inactive Vitamin B,,-Compound Significantly Decreases in Spirulina platensis Grown in a
Cobalt-Deficient Medium) '
Fumio WATANABE (Department of Health Science, Kochi Women’s University)
Emi MIYAMOTO (Department of Health Science, Kochi Women’s University)

Summary

Spirulina platensis NIES-39 was grown under open culture system in the presence or
absence of CoSO,(12 pg/L) and/or vitamin By, (10 pg/L) to confirm whether CoSO, and/or
vitamin B,, stimulate or are essential for growth of the algal cells and for accumulation of
vitamin B,-compound.  The addition 6f CoSO, and/or vitamin By, could not affect both cell
growth and  cell yield of the alga.

The amount of vitamin B,,-compound in the algal cells was determined. ' The amount of
B ,-compound was increased significantly by the addition of CoSO,, but not by vitamin By,
A C18 reversed-phase HPLC pattern of the Spirulina B,,-compound increased by the
addition of CoSO, was identical to that of authentic péeudovitamjn B,,, which is inactive for
human. These results indicate that the algal cells grown in the absence of CoSO, are

suitable for use of human health foods because the inactive vitamin B),-compound can be

reduced significantly.
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