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A Water Soluble Vitamin K; Complex in Natto

Hiro IKEDA

Faculty of Home Economics, Kyoto Women’s University, Higashiyama-ku, Kyoto 605

We have previously shown that Bacillus subtilis secreted menaquinone-7 into the incubation
medium as a water soluble complex with a glycopeptide which was named vitamin-Kg-binding
factor, KBF (Eur. J. Biochem., 192, 219-224, 1990). Here we examined the gross properties of
KBF found in natto which are boiled soybeans fermented by Bacillus natto, a different strain of B.
subtilis. Most vitamin Ky of natto synthesized by B. natto was found in the water extract whereas
vitamin K; known to be contained in soybean itself was only water-washed natto, indicating that
KBF in natto is responsible for solubilization of vitamin K;. The elution profiles of the water
extract by DEAE-chromatography and Sepharose 4B chromatography were similar to those ob-
tained with KBF of B. subtilis, revealing that KBF in natto is acidic substance with apparent mo-
lecular mass of 100 kD. Examination of partially purified KBF by polyacrylamide gel disc elec-
trophoresis showed that KBF is a glycopeptides stainable with both Coomassie brilliant blue and
periodic acid/Schiff reagent and that vitamin Ky was comigrated with KBF as a broad band. As
vitamin Kj of water soluble form rapidly decreased upon storage of natto, the stability of KBF

was also examined under various storage conditions.
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& 3 v K,, natto 4T, binding factor FEAHTF, glycopeptide

W79 [, soluble complex TI¥HEW A4, mixed micell BEH I w1,

1. % =R

MmERE ST % €& § v (coagulation vitamin)
LLTCFv=—20Dam 62X s TR EIACE X
VKRR, RRCEETHEOLLT, Ko (phyllo-
quinone) & K, (menaquinone) 3% 5%¥. WiHiEY
frgih, PTIREMDHES L, REIMEC L -
TEARIND. €2 31 v Kl 27 %2 v ELHEH,
FOREEIAROY (n: 2~14) iz X h MK-n LREFR
Xh, MEOEEIC Y > TAAR IS AUBIDOEH R
29, €2 I VvKiR7erbtervEVvRBURE V7R
DEFSOCHFET AN, TOLERITSHETH .
FERCAE 2;8M~ 2 Ao R AR Rk M - M1
& - iRok - FEEANHMs EOHMBEREZRTZ &255
2, FhuimERERFORRE, Bbes s vVKOR
ROREHFEEALELOLRTWAD?. i bLOERIA

THBERCHRBAERRRCELS ADREN, ThIE
LI LHAERACEARIREZ I VKBS A E
NTWBHZ LIOW L EEAEL, TR E LTHAR
ez v KevBhlLicve , 7ROBREC I B H
NELRTWERDY, FRIex i vK¥AUARARY
‘oD LR IY, FERMAORKER YT TES L
OHEWHDS. TLAIMHE CITHRZEMT) Y
% 3 v Kg(MK-7) 28 GURKELTVALR T
A0, ThyBfTdoRRcERI®AZEIZID, $
RomEHOMBREELBDDHZLENED LA T
010 ¥i-vx v K itz iv K IhRIRZAh
BUWEEbhTW3®,

X 4 i3 Bacillus subtilis (IFO No. 3009) 04T 5% &
2 3:v Ky MK-7) MIBEEE 2 1 Y THBT bbb
57, ¥0%< W0%) BAkEEOETCHEETAI LY
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REL, ZomaEbres s v K 48R T (KBF) &
DIBRIMEE I L ABRT LB LeRB LD,
SER 413 B. subtilis L RETHIMEEIC X T
fEbhsMghor s : v Ky b, BaEs KBF Ligs
LI TRAEbIhs s L2 R Licd T KBF Off
SHEYN, €21 v K EAHRU Y s i v K-KBF
HEEBOREBE I OWTRH LDt T 5.

2. RBAHE

OR =

THASIME.

@& %

€z 3iv K ko' s i v Ky, (MK-4, MK-7) 2
T—FAEI I EIR bR ERA L.

ERMBOFTRTOREIHBEERREZER L.

3) MED Y % 3 v K oiliE X URIE

ME (MEMA) 251 200 ml OFEFA XN T
PHIZERTI00HEBREL, ¥—-ETZ LT, B
1cH5% 100 ml DEYPK - THBL, Thexbic
TE®DET. W EDT 8,000xg, 30 HM5C T
BONHEL, B8O BRI OV TRESOHF R
BUTER I v K Ol %fT-7. TihbbillEk 6ml
AV 7m)—n 8ml i CTRABHE, n-~F
v 16ml XML BALLDOL~*+ v 8ml
ZIERCHFRTS. N Kifith 40C T~ v PE
L, RECAY7e2,—1500p ¥z TRSHBM
L, T 20pl ¥ BERG 7w <=+ /5 74— (LAt
HPLC (B8 3) IWEALTRIEL, FhEY KB * 3
vKEBELI, —HARBHOCY R 1 v K Bir LiRBHE
BIVEEEOTGHPOE R v K ¥RETZ- it X
> TRDI. BREZEDTKCBEHL, KMHE - A
KAV TR = RIV n-~FH RNz TE A 3
v K it L, HPLC TRIE L, ®%BREOTIDOWT
3D 5g ¥EFEL, K 7.5ml ¥inx THEEE, L3
LA R, RE%XTTS.

WMEhoREZ2 I v KB, ME5g¥BRLATS
ml ¥inx CHEE, ERIAKICE L I v K PHIBL,
HPLC THIETS. U EDBEIITRTEXBTHS.

HPLC i3 B8 DY AT & (Fv 7 : LC-6A, M2 :
RF-530, 5 — xF3%@E : 7 e =< +-2, 7 C-R3A) %
FHL, EROOHEOCE UL TUTOLMBHTEL I v
K OBEZffol. #5228y 72 ODS (0.6
x15cm) #{HMA L, RBE 50C THELL:. BB
) =K (97:3) BV, HE 1 0ml/min ¢fF

A6z 20 DEAE 12X 34 4 vARE T,

No.7 (1992)

ot RIGRDHEE, 5 a5 boBHMECRIGE (0.1
% NaBH, = % ) — L¥5%, W& :0.5/ml) % inx T
0.8mmx2m OAFvVvAaArdh, *—F VA (50
C) TRIGL7:t8, 2WE, BElE : 320nm, 3¢
FF :430nm THE L. KBt s MKA4, ©
2 31v K| RO MK-7 0fHBRIZThEN 6.3 45,
7.9, 10.85Th5.

4) B5hABEDOEZ i v K O L UORIE

25 hABEOREDERS 10 g XERE, K 50 ml & n
ZTIKBAELHE, RIIWEL, X HRBEY 10,000
xXg TI0MBELIREL, KiHK S BE 57 5.
AEHEE O BB s X 0RO RETE HhcRECD
WTRIEABARIFETE R 3 v K L, HPLC ©
HES 5.

(5) MEDOKMHBED 70~ 2757 4 —

(3) THIAMBHEYHV TR L RRIcHETH
Td D KBF i oW TR #ZT-%. Tihebh, MED
KK 400ml %, HH0TUH 50mM + Y AEMS
v 7 »— (pH 8.0) CF#{t L 7= DEAE-Shepharose
CL-6B (16.0cmx3.2cm) O 35 Az, [y 7
7 — T o ctk, 0.2~0.8M ¥ THRAICHIRE ¥ £
FTEE2T k. €531 v Ky %S UESYHED, +
YRSy 7 »—EBT LIREEOREARLE LT,
2[EH
X2 145ecmx1.5ecm o » 5 A% H\WT, 0.3~0.8M
NaCl 0 BERNE T, 3B 3.5cmx1.0cm 0 5
A% FWT, 0.35~0.8M NaCl OREAR TF- 7.
B2 —-vii752vavdhorx i v K, oJIEY
CieUVe=2—loTHk. 3EDS A XHBTH
ez 3 v K @i4yr 2 EN - i 0.5M NaCl »4 i
b Y RS, 7 5 —FT Sepharose 4B (96 cm x 1.2 cm)
CXoTr rBBET, Bohlf 7573 viED
WwWTEx v Ko 2RE L.

€2 v Ky ¥GUES %Y SmM ) RICENEER
B, KBF ok E L.

(6) BXE

¥ LB X - T bhtc KBF @4z o\unwT 5~30
%EVTZ7INT I VFALERCTAS 7BRKES 2T
W, BBAV Ty — AL 10 BEERICEN L-ER
BEEDOT7 27V vF Vv TRELIE, 7=o—F
YY7 v 7 A— (CB) CTRvAEYRBEL, BoR
gz vy, 7RELE (PAS) TTo k.

MG D KBF o 1 v Ky AERYRN5 08
KuBEO A% 0.5cm MRH VI, Krd~k
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MEFDOKTEM,E 2 ¢ v Ky HAKICSLT

HETER s v Ko el - PIEL, Wxrv<rLa
1V K ORI AN
(7) MEDOREFIZKTBEH 1 v K, BOBAL
HREAN (5C) TI1~3AEMRE LMD, SHE
(=20C - 1 8) CHRELLMES LOHESEER L T
RE (128) LIMEIR->WT, ABEfEoOEx 1 v K,
BEEHE L.

3. B R»n

(1) MEFOABHRERIVOTERE2 : v K

Fig. 1 ic HPLC iz L 2@¥x 1 v K, TR
BE5RAEDIr= 2 —vEFELE. ZORICEDS
NBIOHMER>VTRE S : v K, & MK-7, ¥4
BO5RAFEIZOLTIRES vV Ky DARDE— 70 Fh
EFh@dohl. ThbbEdors 1 v Ky 134T
MK-7 (Hthex s v K BR) ThHBZ Enmb.

Table | KT ONERRLECERINA RS D
EX IV KOERLRLE. ROOELLRE 5o
HERURShAEHO E 2 ¢ v K, BAREEOW CHLE
T30 L, B natto WX o THhEXRI-C 2 3 v
Ke ORI ZAMERFICEZD Shis. 20X 510
o s v Ko ORENKBROBTHEEL TV
&R, BRRBANEE Lo 51219, B. subtilis nz
BEPoE s v K LRAIUEIC KBF 2 X harifb X
RGWIRTWBZEERTIOCHS. Bibr g s v
Ke DFRENE 2+ v K #54HATF (KBF) L HAHKD

[t 2] (b} ©)

t
] 12min
Fig. 1. HPLC patterns of standard vitamin K (a),

hexane extract of 609, propanol-treated natto
(b) and that of spinach (c)

Peak 1, 2 and 3 represent MK-4, vitamin K; and MK-7
respectively. HPLC was carried out under the condition
specified below. Column: Shimazu Shimpach ODS
(0.6 cm x 15 cm); column temp: 50°C; mobile phase:
C,H;0H-H,O (97: 3), flow rate: 1.0 ml/min; reagent:
0.1% NaBH, ethanol sol., flow rate: 0.5 ml/min; reac-
tion coil: 0.8 mmx2 m; detection: fluorescence (Ex:
320 nm, E,: 430 nm).

Table 1. Vitamin K contents in natto and spinach

Vitamin Ki*  Vitamin K,*

(ng/g) (ng/g)
Natto
Whole 78 6, 240
Water extract 0 6, 249
Residue 2 730
Washed natto 84 336
Spinach
Whole 4,927 0
Water extract 84 0
Residue 4, 846 0

* The contents were normalized wet-weight of natto
and spinach respectively.

BTHEELTVDEELLRD. 5T, 14 VXK,
Fig8, BRXEITE X 1 v K L3I BH, v L
KBTI KBF A& ¥ h LT Thh, &
OSBRI B VBT IR T, €23 v Kp-
KBF &KL BT L0TE, ABCIOoREY
XEANB ENHEKS.

BB X ST D KBF 13, BREKEIC I\ T
REYOZ 2 v A2 BRENTETHZ Z En D, B
subtilis & KBF L[, —BOE~7+ Y Ths L&
O BNRENE DD T D, SEILES T
HRBELEh . UTOERTIE, KBF 04 M
WARLD LA KBF 02 1 v K, fESEBE D
CEDHAWORERICOVTRE L.

(2) #i50 KBF ofs8

Fig. 23S okt %, BE#H'9 - T DEAE-
Sepharose CL~6B i\ T bR L 3EA PV X W
RIS T7 4 - ToLERTHS. SEOMAVE
Bror~t 7574280 T, WTFhOBALE R §
v Ke 12 0.5M NaCl BEEfMRcgiv 1 xD e~ 2L
THEESh, AR TER L B subtilis © {1 + v
I m= 777 4 —OBE LBELOBERBER AR L
7o,

& LT Sepharose 4B ¢ # LVl %7 - 7o & = % Fig.
BIWRLILISIE, 32D -7 BLRNE X v
Ko 1370 F 8 100kD Off Bie i Shs €~ 7104 ¥
hTkh, ZOBAS B subtilis » KBF L B OEH
fERAR L. COEMPIREER B E 2 3 v Ko it
KBF LR LTV B EXBRET A0 BL K »
TFote.
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Fig. 3. Sepharose 4B chromatography of the third
DEAE fraction

The third DEAE fraction (6.8 mg) was applied to a

sepharose 4B column (90 cm x 1.2 cm) and eluted with

50 mm Tris-HCI, pH 8.0, containing 0.5 NaCl, at a

flow rate of 6 ml/hr. Peptide elution was monitored by

the absorbance at 280 nm (——). Vitamin K, content
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Fig. 2. Isolation of KBF by consective DEAE-Sepha-

rose CL-6B chromatography

The water extract of natto was applied to the first
DEAE-Sepharose column (16.5 cm X 3.2 cm) equilibrated
with 50 mum Tris-HCI, pH 8.0. After washing the column
with the same buffer, a linear salt gradient was applied
as indicated (A). The fractions containing menaquinone
were pooled, dialyzed against 50 mm Tris-HCI, pH 8.0
and applied to the second DEAE column (14.5 em x 1.5
cm) equilibrated with the same Tris buffer (B). The
vitamin K, eluted at the same salt concentration was

(--—-) was determined by HPLC.

Fig. 4.

-

VITAMIN K: (ng)

5 10

15 20

pooled, concentrated and subjected to a third DEAE
chromatographic separation, which was carried out in
the same manner as (B) on the smaller column (3.5 cm
% 1 cm) (C). The elution of peptide was monitored by
Aggy (——) and the elution of vitamin Kp (-—-) was

followed by measuring its content by HPLC.

(3) €% v Ki-KBF HAKDOBIKE L2k8» v

Polyacrylamide disc electrophoresis of the
sepharose 4B fraction and the distribution of
menaquinone-7 in the gel

The Sepharose 4B fraction (272 pg) was applied to a
gradient polyacrylamide gel (5-30%). The gel was
stained for carbohydrate by the periodic acid/Schiff
reagent (lane a) and for peptide by acridine orange
followed by coomassie brilliant blue (lane b). The
unstained gel was sliced at 0.5 cm intervals, and each
slice was extracted with isopropyl alcohol/water (50: 50)

hDE & I v Ky ORI
B. subtilis » KBF i318#t7 : 7 BE*B{FATWS
e, BEOREBETIIRA IRV EX D> T
29, B. natto ©» KBF OP4 b, HECB Thets
ZENHRIE o T T, BEKBE, b o1 LDEHE
WERYBRBTE7 2V vELvy o Ty AakREal
o0, CB Cx v 2B¥Yea L (Fig. 4-b), B

for determination of the menaquinone-7 content.

PAS X »T¥fa L (Fig. 4-a). Fig. 406385
MNIREHC, €21V K v AR IUEYSDL
BAOAHFRELCE K> TWB 2 &, YURHKBAX
—~ VM B subtilis DR EEbLDTRBLTWA Z &
2, HERBEUOERTFVThs LELLR S,
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MEhoATBEEYs2 v Ky, HAKIcOWT

Table 2, Changes of vitamin K, contents in water

extracts of natto by storage conditions

Vitamin K, content

. i *
Storage conditions In water extracts

(ng/g) (%)

Intact 6, 249 100. 0
Refrigeration 1 week 3,430 54.9

2 weeks 3,512 56. 2

3 weeks 3,449 55. 2
Freezing 5, 543 88. 7
Freeze-drying 1,981 31.7
* The contents were normalized for wet-weight of

intact natto.

B. subtilis » KBF » [ Ic Rig—IcBliffa < x — v %
250, ThRBROCHEBLI-ISKEXTFFo
BEaBORE—HisbotBbhs.
4 MEFoL 2 v K-KBF AGKORERICE
5%
WEORFPR BT Z2KABREEOCE 1 v K, BOD
EiLx Raics, HBEE 1AM, 28H, 38EMHX
USTHRE 1 2 A, WEEREE 1 »A0EME 0K

WD 2 s v K, BROBERKRAY Table 2 kR LT,

KB KO x i v Ky REBEF T 1 ABMUAD
BAOHELL, BEYUAMTITHAW5BIEA L1
D, TORBREBP L. SERETIIE X §
v K ROBPREBBEHCHSTPIRL, FORDE
B BTHote. Ei, BEERRE TN %L
ZDOWAHRIBL I BERYIR L.

4 % B

BohABidors : v K, kBRI E T
¥, REEOHTHELTWSDIK L (Table 1), #
Tho ez 1 v K, ok Yidkiighi kB oK <
FELTVWA. ARROBRBIERBEE S 1 v TH
Hex 3 v K 2, B. subtilis o REO 2 1 v Ky
ERRICEER 7 F F ELHABEBTAZ LRI - TH
BLERTWB I ERRLTWA. ff, B. subtilis
BA (40 BHKEHE) LRIf-T, MEOBAT80%
PBEnE s s v Ky KBS OMCHETS. THILE
OBEOERVEV53IDITLL A, BREBRR IHT
KBF 04 BBRVEFDOE % 1 v K, HEKORERD
ERIBbDLELZLRD. BE B.subtilis O R
OEARIZ X b KAITBMEE O 2 3 v Koy OLR1AERT

b (RRET—%).

MSE D KBF (1K%Y 1+ vk - ¥ VIRBRD
BEXBIC I\ T B. subtilis DFNE ZHDTELL
REEETRT. T KBF 2314 vy ZRIZTK\WT 0.5
M OBWRERE CHEBIRS Z L3, CB THERE
TENRWCEEHEST, ThHBET 1V BES LS
Tz L RRB LT\ (B. subtilis DIBS : Asp 14.5 %,
Glu 19.2 %).

Sepharose 4B i L 5 ¥ LBV THEHIAB Y
23V Ky p¥— 7 0fr &3 B. subtilis DFA L —F L
tc. B.subtilis © KBF %, # A8z X - T# 100 kD
HOLER B, SDS BEAXKE T TREH 2
kD #RT2 &, ¥7k07F FRBUIERN T4
Ho7:/% (7 3 78 :Glu19.2%,Asp 14.5
%, BiAk#E7 3 /8 : Leu 43.6 %, Val 13.3%) »5
BoTkh, BOEE (H20%) bBHLAT VB C
Ehb, BEIAMVEBRTAZLIC IoTE R $ V
Ko 2B LT3 EE XL HR B,

MED KBF i3, A1 AvERIun~tr 257 4 —0F
NGB DR LD TELDE, RVTI7IT
I VP ABREIC s\ T B. subtilis » KBF & {4l
LB BRYRL, "oBOFERE X 1 v K AT
HaRTz Enb, ERBAMNE M1 K B subtilis
KBF LE—BR BB~ 7+ V&2 bR 5.

EIiE 5223 L 1 Shearer®® b3, FRICE\VTE £ §
YK, ¢hbilesriv K BREBYBLTBFER
CWERRTWES, Zhix, €2 v K, 0R~D
BINKLAMEWVZ L2k Bd0eEZLRE. BAFOR
B vER X5 2 Lic X )RR M RELEN
FRZEDABRATWBNOW, “pz kiF, Ex IV
K TP ABROH CHEL TV A DEN IR
REINHVWZ EEBBLTV AR EENEL OIS, €
#2317 Ky oHs, BERT phytyl X1 geranyl-
geranyl X B XMbh v x I v Ky REELTHHF)
BRhsoeHl, €831 v K RroAB ¥ LE L
TWEXoEEFHAEINALD, FARELEL L AHSP
~NOZWHEEL LD LB 5.

MERERB OB V-ABRTHY, Fhrx:iv Ko
BELLTLEEILVWARTHS. L LMEIIAL
hETCRBERLRD LB OV, I OREAM
RABETIABMLEEbh TV AL X > Tik
R ERF LK, ARTH2L3ELZLRD. £C
TREFEORVC I AMEFOoAE] Y2 v Ke B
OB DV THRE X T . SBET 1~ 3EMERE
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LIcBE, SEBRERS JOHRKEREELLBE DK
B 1 v K, BOB(EX B TH % & (Table 2), 8
BEROMTHOKEBELE 2 I v K, 812 6,249ng/g
THolebon, 1ABSBERETS L 3,430ng/g &

W12CE LS BP LEENFOBIFBERY Lish o1,

ZokEEE 2 v K, BoBAII T b KBF-H4
HOBPLEZ OND. MEHTRAE I tr0BE Lo
TER v Ky #LE LTV KBF (3275 5 —&
RTIRTFT7 - ORI > TETF FELTS
h, €23V Ko BHEREL TARRERRBE 72 - THA
THELNEZOND., FLAERELIBEDOE X §
v Ko OBADBHI N B Edenn, Zhrligic &b
Rz RIBEROESEL MBI X h, KBF ~0 814
e, otz i v KedBEA b B n L
bhsn. —J, BERRRETRE2 1 v K, ol
#168 BLELVA, ChIIEEEEL - TMTE P I
FERTCSEEORILCH > KBF OFMMNERS b
Lhfev. BEoz tnbes i v K BROLAH HE
ZALMEIBABEBRCRLULANFE LA, WAL
TTICRRERVHAISHEERTCORENE T LWL
LG,

5§ ® 8

(1) MEFOEZ 1 v Ko 12X DFRE A KRR
KEEDOH CHELLN, WHkhkors 1 v Ky ik
TEHEOH CHEELL.

(2) T o v 2 v Ko (3B © B. subtilis - [ #
C—EOR~7 7 F EWASEHRL, THREIhLE
THEELTVWAZ EXRALLE.

(3 MEFhDEx 1 v K, MG Y SBE CHE L
BE, ARLAROBLERE LI /2B PT 5012
ML, BEERELLEBECx i v K oAb 211 %
Edism ot Lo L, BEERCZ X-oTEx i v K,
BELIWS (68%) L.

BECEARRICHI-D, THBEZ T LAEHEYE
EEEE, TEERNHERLLVEL I v K BT
€ v Ky (MK-4, MK-7) % CREtEZ ¥ L= —
FARASHICRBR L ET.
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