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BEMY CIHRRKIHE LT F 7 L —ADH Y
Tr—BIVEY v =R BLLDONREEL, ZhboR
KA DB 3 F v i3fE « © hydrolases 38 X O fruc-
tosyltransferases 25 T2 THH 5 Z LXE H i HE
HIhs,

THIBBET AR E LT, 74 THECDOWT
ARY) VRO 75 7+ —AEEEDER - HEIED
B, FRIRANDR, TOHER, thicls
THEEPEL M Eh, FARCER - DEOAF — A
L|WFIhT5, chicTaMEnsa) -, 2%
R, VEAABIVY 27EY I v ThfrbhTundd
DD, —RCIRER UBEREROMBE B TESL,
o THELREROAHEE LGRS,

~75, RAFYE LUTEERT X85 T ADRKA
COWTRESEHNIOD 75 7 v —AESECET 5
HOBERSDDRT, FOBIIZ OB OVTDR
KALEFE R X ORISR RS v LY
EE LTV, EEBDOTPRBRCINET AT HAD
R BRSO TH LRI F 7 4 THED
BHELARRBEE L S O—HO7 T 7 b4 ) TN
FETH EMEDDR, ZORNRT 77+ - AHEAK
DL B X UBERAROWRI & » TRHEOHED
—DTHET Ehbhrol,

FCTZOWETREOEERFE LT, £TT7 AL
SHABREENRE 7T 7 A4 ) THOLERELY
Lnictal b, 2 LTRAEINIED7 77
b ) SERED X ) IHEROBSEOTRAR I D
PNEHETBIHD in vitro SRERETV, ROT
HFEINRCEROEEEHY RS, 20X LT
BT 3D fructosyltransferases [sucrose:
sucrose l-fructosyltransferase (SST), 6%-fructosyl-
transferase (66-FT) ¥ X O 1F-fructosylitransferase
(IF-FT)) oWE, & wcimat, %HELIHEN
BT Zh S ORI S TT 22T H AR BT A
757 A Y TEOEEBBEREIIR TR LD
W, UMTFRELRRBZ EieT b,

2. BEOFROMER

BEEh T EBRRAK Y & USRI 5 b
DORBDHTEND, 757+ —ADESETHDL 757
2 vEEBEETASOL ELE L, ThODIFBEKIY
BRFHO LI =R+ -2 RE LT B3R

WM IESTFOREL VIR EhB Z EBRA
bhT\b,

7572 VI ERO=008 I 3KFIEN D,

A2Y VB BR-SL) ALK D-75 7 b — AR
mE b h o T, 1F(1-B-fructofuranosyl)n sucrose
(n=1~# 35) DR L, JE T4 L-kestose (#ik
RTCn=1) OBFEFTHD, FROBIILEREL
T1F (1-B-fructofuranosyl)m-6¢ (1-B-fructofuranosyl)-
sucrose, 1% neokestose (BHER, T m=0, n=1) O
ik, bARBZ ENTRTHS,

Vo vBl BR2—-6) R LI D-7 T 7 b — ARRE.
bbb b,

FYFY VLD B2-L) fERE R0 REAEDOW
D-7 357 b —ABRENLIDHLD,

ThEDd b 20 VBT 57 2 ek b R
IS ERTWESDT, F74%, £—) 7RIV
&V RARED Oy BHEH O T BES cERE L
TwWbZ EPMBh, o= UF (Liliaceae) 27 v £
B (Iridaceae) DREHS THLHFLEIHBR T D,

BATFT7 578 oW TE L SRR LT
fThohT&Erd, B T75 78 vHBNE757 -
F Y T OVWTCRF 7 A DB EFIS & LT
MR o X5 ThHB, LMLERAERLD X 5L
T4 OB OWTZ DRDEST7 5 7 & v OBRZEH
BRI D o0%H Y, FELEa VBEY 2 <4 ¥ D
757 beA ) TR T BB AT 00, 2@0=
PERREL, TOREYIHSN, Thbt l-kestose &
neokestose TH 5 Z &xPH A L7500,

SRECCEHSHEYOE, R, X #X X X
AR, MIEEE, BT B D IR KRR E T
B EDHEIDLNTVWHEEME LTDT7F 7 oA Y
T8 13 l-kestose (1F-3-fructofuranosylsucrose),
neokestose (69-f-fructofuranosylsucrose) ¥ * ¢ 6-
kestose (6F-g-fructofuranosylsucrose) 734 % (Table
1), ZhG 3SEOSHTHMA S W IRFLTHETSD
7, 6-kestose DFELEV=2 VERHEH CTROR A L S
2, HrBRERBROCHFETS Lo Thb,

IVEEBOTZ I AV BB XTI
L 1L, l-kestose DFEMTHB 1F(1-p-fructofura-
nosylls sucrose 734 FBHA A4 = v ) OB, 1F-
(1-p-fructofuranosyl)s sucrose {lycorisin) 2 & # v/ -3
>R e vl DB, —D0 1-kestose DEFFE
PRIC e H v AFR AN 2F ) ~FBIOFvaF,
A~FOFEES B ER T3,
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R 7 A5 # A Fructosyltransferases B3 5 W5t
Table 1. Occurrence of Trisaccharides in Higher Plants
Plang 1-kestose Neokestose 6-Kestose Literature

Compositae (* 7 F)

Helianthus tuberosus F 4% + - - 2, 14, 37
Gramineae (A *f)

Lolium multiflorum FAR I AF + + + 11

Arrhenatherum elatius FAH=VY + + 4+ 11

Hordeum sativum NEHAF + — — 92

Avena sativa A= b oaF — 4+ . + 87
Campanulaceae (* * a v §})

Campanula rapunculus F—Bay ReNATFTY —~ - — 10
Amaryllidaceae (& # v -5 #)

Leucojum vernum SN E ) oo + + _ 56

Leucojum aestivum EA A + + — 56

Galanthus Ehovessi AAmE NS + + — 56
Liliaceae (= v #)

Asparagus cochinchinensis 7 % AF¥ Hh X7 — + — 113

Allium Cepa B g + + - 11, 95,101, 111

Allium Porrum B + + — 11

Allium victorialis Fa TSy ==y + + _ 111

Allium sativum =v=7 — — — 111

Allium tuberosum = 5 + + _ 111

Allium fistulosum 3 ES + + _ 111

Tulipa silvestris + trace - 57

Tulipa Clusiana VF g eFa=ly 7 + _ _ 57

Ornithogalum nutans + + _ 57
Salicaceae (v 7~ ¥ #})

Populus tremuloides T AY AT ARV + — — 78

Populus grandidentata B AP SR U=t + _ _ 78
Aceraceae (# = 7 §})

Acer Saccharum FvaypzF + 4 + 59
Hippocastanaceae { } + 7 # )

Aesculus hippocastanum A trace — + 64

¥ #2, neokestose FHEMA L L T4 17 (1-4- Wh,

fructofuranosyl)m-6¢ (1-3-fructofuranosyl)n sucrose
(m+n=9, 17, 25, ¥ X O 28) 3= v} Polygonatum
odoratum DRUCE var. japonicunm HARA ORZEr 19,
78D 66(1-8-fructofuranosyl)n sucrose (n=1, 2, 3, 4,
6,738 X8 = VBl Asparagus cochinchinensis
MERR. O¥R1Y), ¥ o—2H %100 neokes-
tose DFEEN L H VAFE A L2 T B IO
YaF ) T OMEFS CHFETHENRE IR T

CDXAE, ARV VBT rx bl b= R
L VS FETRL L 28, BID L-kestose FFE{A L
neokestose FEAKSHHTEL LD LRbR, i
MEEDO 7 5 7 2 V32 hbs OO U TR
BETHI5THb,

PR~ g oo JEED 5 7 Ay =
BERTFET B L ERMb R T %, Bb, B(2-1)
KIVBR—6)FEETD-757 b —AHEE LK
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& LT 1F(1-B-fructofuranosyl)m-6F-3-fructofurano-
sylsucrose [n=1 (bifurcose) ¥ X 18 2] 234 2§54
AFOERS), [ UL BERYHETLRERBE TR
BRAEH AFORIAR?, X5 E 126, 60-di-g-
fructofuranosylsucrose #34 — r 4 F 8 B X T
Wa,

SEIPFFFENR E LTRET T 235 5 AP DK
>\ COBE ¥ TORFIE &R~ % B = O
FIMEIRSS) oD\ TR BT IR < 5

T A5 H A (Asparagus officinalis L) 1= .3
F, A5 vEXTh LS E YV, = UH (Liliaceae)
BT 5RO EIRERY Th - €, ko
RACHTET 523, MIFEIRT O % 45 LTRERT
BHENISRA L INDELEVET D, WTHIHTEE
Besdons, WTER—RC W3 TEELRETR
o TEY, TOMES, HES, Lbet@r 7 ik
CHEoBRETEDR, TORIHIRCIIERGE
ERTHBFEHNEOVCTULBEDOXTHSD, BITMT
ENLERFEELTCEREORNS O THHE &b
h, SRR A 5 T B, iR RO K
G, BOOBRILE, BERRFERT BEOFES O
HEGIIEEILRE IR T R EOERESRTT
S5 EBTE D,

T ARG HABERIIRTA P TAATH A B L
PV =V TARITHAL LTERBIVESERREL
TEHASh, £oHBEtEoR ARy O—RILFRS
DWW TR RS X ORI LSFPIE AR i S it
25, RO C OB IEE IR 81T 5 HE, &
A, B5EeOLEREE BT 2 RS &
AERBTZ LixTEik,

W, EOWRICHETHES TR EAE Y 2~ —
A (WEDKITTY) LEoH (@R0R20%) TH B &
VO EIEE ik b, ¥ ES T oVTiE, TANRET
7312 “asparagose” L4 L, $ic SCHLUBACH &%)
b “asparagosin” XL LKIERTH 7 5 7 - L8i0
e h D, TANRET 112 O [(CeHypOs)o) 234 %
VORIB DT Xkdy, 7I7 b —AL I
—A% 93T DHTEAR, BREEBEEEOLBLR,
SCHLUBACH 58) 345 FrRR 7L F—A%ETLnE 3
DV DR TR, BT DEEDTE L
BEIREEDTETH S,

BMBDO7I272v27F 0 kY 3752 b
NVEBR MR T ABERC X - TESR IR DD, TT%
EYRIFED A v~ & — EOEBIEM O T2\ Tl

<%,

1950 421z BACON & EDELMAN!) ¥ X ¢V BLAN-
CHARD & Albon® i3, BEREA v_A & — €MV a—
7w — AR KGR DB AR A ) SRR AT %
CEREHTRIEL, = OBERIMAKS GO
BEEELET LYo L, ThRiao
Wy, Ay

yeastli+:9,23,24,42,58)

Aspergillus flavus?®

Aspergillus nigeri6~19,23)

Aspergillus oryzael?:23,42,65,66,76)

Penicillium chrysogenum?)

Penicillium spinulosum?-12)

Verticillium albo-atrums®

Claviceps purpurea’®
&, LW TA vRAR—EL LB 7 T2 VAER
EHBMEOREL R EhB Lo ote, TDERLD
BRFDLERD LD CThb,

B VN2 —EOBETE, SREDY .-/ a
— A a—- AR EDKET 8 6-0O-53-D-fruc-
tofuranosylglucose (fE#2), 1-O-8-D-fructofuranosyl-
D-fructose (HE5E) ¥ XU 6-O-B-D-fructofuranosyl-D-
fructose (HEE) 234EE L (BELL & EDELMAN?), &
BEY -7 e —ALDRIBTEI R D OEFO M
3fED =8 l-kestose, neokestose s I U 6-kestose A%
AU (BACONY), &5 GROSS™ 513 l-kestose &
neokestose, ALBON 51V 1 6-kestose (MBrDLFRT
kestose) A Uic & UT\W 5%,

¥ #2 Aspergillus oryze BHEMHBERE L v o -0 —
AL DORIEOEE I 1-kestose (BACON 512) (KURA-
SAWA 565 }[F—pi% BEE L isokestose &4 1T
\W5) & nystose (KURASAWA 566) ¢ fungitetraose)
PET B EREDB T,

5ff DICKERSON3®) (3 EMAE (Claviceps purpurea)
DS REBLA v~ & — & (B-fructofuranosidase) &
Va—gr—ALORIGTE UlcA ) SHED 2 7 1{L¥
FEO TMS /L DOBEA7 P AS T & 1T Lkes-
tose, neokestose DHHZ 6-B-fructofuranosyl glucose,
6 (1-5-fructofuranosyl), glucose ¥ X 0% 6¢ (1-8-fructo-
furanosyl), sucrose 234 UfcZ £ 2R LT\ 5,

—F, BEEPYDOA VAN E—ER LB T I b
EBERC VT, Ya—E—1Df vy g—x
MY a—Vr—AMBLIT20D7 F 7 A Y 28, 1-kes-
tose & neokestose, AR Uiz & W S#EHH B2,
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AYRNE =V Y a—y e —ARDF Y TR
OB TS LUV It B B T D LTz K 2o
DOPFFEDIDH % 5349:3132,41,80) Fh bt DTk & K2
fRicsE RIS h vt X 5 Th s,

—7, WEEpC ORGSR b T
fructosyltransferases 1B+ 2L K VTR Lic,

1950 4F & 1951 421 EDELMAN & BACON#:45) 3=
2 A & (Helianthus tuberosus L.) OB HE L1
—BERIKDFEED R <, 4 R U VR XU OB
GPE DY =T e —ANDT T I NV R
L, = l-kestose BLXULORE7 77 +-4 ) T8
BHRT DT LD THRE L,

[7@ UE (1952 48), DEDONDER {338 % 7 A = #i & th
W a—lR=ANnbT7 57 oA U TRRAR T 5B
F2BHL, Thaintk HESTRIN 560 0.7 7
U7 b5 LT levansucrase EFLIOIER & F D
Z &b inulosucrase & 4fF1-A, L VWG I
Tou,

Fot, ZOFO fructosyltransferases »3fH « DI
B, Hiv

* 7 A & (Helianthus tuberosus L.) DBiE38:46:47.
) 35 X ONFE3® Polianthus tuberosa OMES
52 ) — (Chicorium intybus L.) DF3106,100
& =2 F (Allium Cepa L.) O EE0D
U # A (Lactuca sativa L.) @ leaf midvein-petiol
DB BIWY 2 v ¥ T v (Agave vera cruz
MILL) (D3£27,2%,40,83~85)
2 EDELMAN EBORBRITIES, 1 v KO
Ih—7F, BIUCMDOAAK L - TR I M,

EDELMAN & JEFFORD (349, & 0% 7 4 w4~
90.91) 33 T OV & = % #9090 w BE B Hge e T, A
XY YFRINDA Y TR L OEREOAARFRBICOWVT
RMHL, TORBOFTHESIF 27 1 TOBEBE»LI
SRR L e o DWE#E, Bllb sucrose: sucrose l-fruc-
tosyltransferases (SST) & 5(2—1') fructan: 3(2—17)
fructan l-fructosyltransferase (FFT), 23z o4 &
CRET D LV BARAR LT,

Thie X% ESSTIIY 2 — 2 v — AL D 1-kestose
DER R ERTERC S L, 4£T5 1-kestose
EDEORB e BT AEBEFY L b, LAL,
COBERIILIDEKRD T I A Y THEREY 7T
ZHERTH ERTER Y,

—77, FFT p—Rc FRORILEMEL X D imko
4 2 VRIIDEY T 5N, 20— (n=n=

1~7) fo “HOEB” LE L L e oREOES K
Ihdh IDARBLIVX WO S —BOHY =
—HERT 5.
1F (1-3-fructofuranosyl)m sucrose+1¥(1-3-
fructofuranosyl)n sucrose==1F (1-3-fructo-
furanosyl)m-1 sucrose +1F (1--fructofura-
nosyl)n+1 sucrose
(m=1~#935, n=0~§935, mxn)

Bt, 74 TOWMETE, £YFSSTRID Y-
7 m— 26 l-kestose HEREN, KWTFFT i &
Do l-kestose D7 F 7 b I AENTHREE Y 2 — 7
7~ HB L 1F(1-8-fructofuranosyl)n sucrose ~
EBEh, JHAESGESEMUTTE, 2Wiciz@o
LYEKD7 77 2 VHBERIRDZECOIHTH S,

TREFPITE SO0 F xR FHECIER T
Tk 7 A = SST & FFT cJARlT s R~ TET B
=3 FFFT@* 71 2D LThE3REVESEDOSE
W7 T2 vEERET, PIOWELE LT 1-kestose %
neokestose ICAHLT A AIEEERER D 2oH LU R R T
Wh,

SST % & oFFRIr s 2 ) =107, LE AW, I
BV 2By F e, Fih, FFT HEdY RS
B 2 v EY T U CLEE IR TS,

RITA v FORFREZOBD 13 27 EY 5 VED
MR LM Z N, KT DEAE-wr—2h 3
LApET 5T =L DEREE L CH RS R
EW DI —D2D “transferase” B X B WT75 7
bed U Bl TS s 2 vOERBREREL, T DBy
75 1-kestose, neokestose, X 5L/ X N 6-kestose
RFNOFERET B LR UT,

LoL, LEofgfesrs@llL R LiceTo
SST +5 L ¥ FFT offiEic kM R I N TE D, flz
AT (1976 4F) 4737 SATYANARAYANA O
e ca 2 b, HRASBNTHE IS EOH
transfructosylase B4 XD BEREED A &4 3D
fructosyltransferases MWHFELTWIcEFE 5, Mo T
fi # D fructosyltransferases DfEAZWIEICT 5720
R ETHREOBERUAERMETHLL XI5 THD,

BRI EEEERC ST MR 7 vi ¥ FORBEOR
M2hy, —Be SR, VS vBIOTEANT Y
DA BT, X7 vAF PRREHEL TAK S
RHZERMBLR TV B, ZOHC2WTRErT
GONZALEZ 55 3 L UMER OIS BEhXhs—1 7
BB LF 7 A =OMBE S UDP-fructose % & i
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LB IREVDIBET, X/ vds D752
FVERHEADHERFED & Z A LBL M ERT
R

B1E 7357 bFUTHSBOEHHEL

7772 vEERT OGRS, £EF TR, I
BEBTR7 77 F —AEAGOSETIRE S, ©
HELDNTIR & < R FHFHI, %y P50 Js X
UF2) =B ORETHILIR T B8, 7AAAFH
A TEREDHNTIR,

HoT, TZTRT7AATHFADRIDOWCHAD 7
F7 bt Y THERED XS BN RNEE v R T
PERALINCT B IDOERET -1,

1L M#EEFE

HE: HE4ATA~6ATHE CEZRINEEL, *
DB RIE U TERCE L Th -7 A5 RME
BORYIBERFRF W B2 C19794E4 7 17
H, 5810H, 6121, 6930F, 7A12H, 87
2H,8H21H, 9A12AKR L1008 156 HOE 9@
EDERL, EHRBT L a— A L,

BEDWH: 2~FV—ABR7 vAu vED LY
EEL,

N—R—yr=}t 574~ (PC): HEEJEHK No. 50
RV, BERE ) 1-7 22 — A—fEfE = 1 —K
(7:1:2) £ I 1-F w2 ——Plip=F L—K (6:1:
3) AW, BORHE7T =2 vy vBED IV
7 A Y HERSERRRREES) & B\ e,

BomE: FRBUHCEER LT AT TARE 41
100 g 2l ¥y, 2D 10g 2 BOREAL Y A
BEL 0% =& 7 — (60 mé) v T, BIGHT 20~
ODMEM L, ZhEIEL, BEGAKCERL,
0% =% 7 —AFCHERBME Lz, ZoBREx i
W7 vAr VEAPTRER LS ECEE L, 8K
A (#91 4), 30~35°C CIRFERME (W50 m4) L, 30%
FERSAIR 2 md) RIEML, £ UhBRmEE oy
BLiahibiEEL, RBKC3Y v 2y b ) v AW
(2mé) Ehnz, LEr+oeikuienbEEL, BEC
OWTC, TYAR VR X he~FY —RABERXHE L
o, BRD DWW, WERMEE, <A PC%IT\v, ¥,
o= W, A N, BER X OUUELL EoRERY R — 2
—bIRBH L, £~F Y - ABEYHAIE L,

2. WMRBRLEE

10 B 15 HERER 7 A2 5 AR b DT v 2 — Ll
HE W C PC 2fToné oA Fig. 1 @RTI51
—#DO7 57 b g ) TERRHE I, EEEORE)
ELOHEND, £#AXy FOBEIELSIEC7 Z 7 +
—RETNa—ADREY, va—r7u—A, =, N,
D RPRRES , BERELHEE IR, 2hHD
i, BE7 57 P ~AB IO/ V2 - AL, BIEE
BEHLELCYa— s v —ARFEEL T, ¥LES
SFOIPCEILHEETH LESENIL O TH
D, FOBRRNPEIPICEISTHot, 2D ERE
FE2~-3BDIRY) vEGEHETEDF I/ DY
B LT VT RKIPEB S BRI B ERIRL T
PRV A .

HIC, B~F Y —ABRBLIO~APCiT X DB L7
FEFEHOERETV, ThbOFHPHERLHAE
DFER%E Table 2 8L Fig. 2 iR L7z,

S F I
Fig. 1. Paper Chromatography of Fructo-oligosac-

charides in Asparagus Roots Harvested in
October. ’

F: Asparagus fructo-oligosaccharides; S: sucrose;
1: inulin.

Solvent: (II)I-propanol-ethylacetate-water (6:1:3).
Development: quintuple.

Spray reagents for sugar detection: silver nitrate
after spraying with yeast 3-fructofuranosidase.
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Table 2

Seasonal Changes of Carbohydrates in Asparagus Roots

Carbohydrate content (g as hexose/100 g of fresh wt.) in the roots harvested in

acchari

S e May Qe Tme 7 Aw Aw o o
Mono- 0.80 0.21 0.31 0.51 0.64 0.85 0.48 0.55 0.30
Di- 121 0.79 1.02 0.88 0.72 0.61 1.69 1.63 1.37
Tri- 0.89 0.66 0.78 0.68 0.53 ' 0.37 1.28 1.46 0.93
Tetra-~ 113 0.85 0.96 0.68 0.58 0.34 0.89 1.24 1.08
Penta- 1.02 0.90 1.05 0.82 0.54 0.34 0.59 1.05 1.07
Hexa- 131 1.46 1.00 0.79 0.56 0.32 0.40 0.93 1.05
Hepta- 1.35 1.53 1.08 1.07 0.73 0.32 0.43 0.78 0.91
ngher- 2.50 2.48 227 241 221 1.09 1.44 1.59 2.31
Total 10.21 8.88 8.47 7.84 6.51 4.24 7.20 9.23 9.02

Details of the experiments are given in the text.
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Fig. 2. Seasonal Changes of Carbohydrates in
Asparagus Roots.

T e 0EBIIED PCRETCRLELLEERT
LOR, BUEAEEOSEIAL, 4 U RS
ZERWHLB Lz, BIb4 AHOBRTARD &, e
532 B Ll _EogEo®] 41349 25% Lanis <, W~
BECHATY, —~ZCH28% CThot, TOT &I,
T AT AR & 7 4 RN D OB

WOEBRMNC RN TS5 &, HLNRRIZEOH RN
B, OB LERERYE22 LB 5 Dh
na, :

REEBOTEI L EHHCLCLB E, BIELWE
RKRUISENAANLAM LIED, SALACRES
(4 A 42%) &L, LIBERL T4 AfErvg
BrEETZ L Thot, ShEMBEOHEMITS AT
B BRBEH 5 40 DOEER I  fBOS TR
THEE IR, '

DB CTH LB TIES He—HETL, *0%
WL T8 A hHoREma R Lok, Wi,

ZHE (va—2se—R) L3R, REEA &K
T2H 20880t 4 B2 SR LAY, 8 A kG
RIEEE e, ToOBBEWLTS A TARREHECEL
%9 H % & clrigR—kEERHER L,

gLl EogEco 8 A LR OREE~AT TORMI L
= ZEOZR IR TH 1,

DEDz kot se@iRahs, 4ATH~6A
THONEHR S LEZERRIMCIROFR 7 7 2 b — A
HERE D L L EX T 5 RER S D, FOD
AR OREE BA 5 N RET 53, T~8 J OXEER
BRI C LMK L, ZFicit 8 B EAoREMe T
£5, ¥19~10 f oEEE N3l ~0 > 35 7

—ABEAROEBIN & 5w, B OSBRI
T5,

HEER 85 5 A O TR OB ks
ﬁi’-%:J:&@Jé ZOROHEEIRL, TOEROWME AL

DRI EAIREM L, Fhicfks T
L/U:O%@Mﬂﬁm WEsbDEBLLRD,
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i

3. £ #

T ARG HAEE 40 10 Ao L,
B IVCEREEEDZ7F 7 ) THOEEYHEIE
THZER X W EWOEFNEE LN, ko Lx2H
Bz Lz,

T ARG HARIRF 74 e WECH LAY THERO
HVEHRA L2200 TH Y, BAOKEE (B
CEBERER LUK &Rz, BEWERMOS Acd
WL, ZEUREO 7T~8 Ay T2 b ik & i1
T8 A LA REEE L insn, EEHELO 9~107
VLI LT, BOEIC A D, ioliis Ao
WOH%, BEeHMNLT8 A LAeREaRsch, *
DHHB T 5o

$28 V3V MFUTHEOKEBERAE

WMETRNI LS5, 7AF3Fy2 Bz s/rva—
Z, 757 P —ABIVY 2 —r e AL DE
EED7 T 7 bk ) THERFETH EERL L
Foo ERAMECEEBELTARVEER, HTERIU0A
Hft I h AP >n Tl L0« DHESED 7
50 bk ) TEOTHBERY Tk B, A
BrEBRe R &<, K THTXE SHEOHTH
b, ¥z 57 bA Y THIFBRRICE LS SFEL,
WTFZER LT 52 BB LrFaELRwE
EDdohnti, o TT AT H ADERFEA DO
B - A TR T 5 f I TR AR 4 LRk &
L LREDT, COBCRSBPFE R EMEE
LCETESF7 527 b4 ) RO F 2 BHEY
DERERILOOTRRBE LR A, EHRTERE
EEEOREE - FIEMRRT - 12109100,

1. #H&AFE

B TAZy AR, 197145 § k), Al
R (CENFTE) CIEEL, BIERELCE
Wich DAV,

FEHSW: 2~FVv—2A, ryrF—ABLUETLHE
i, HAT VAR VED, ROE #8) ¥ L O SOMOGYI-
NELSON $E72108.109) 1= Ik pi Lic, 243 — AW
WA Glucostat 33 CER Lic,

R A= BIOHME s e~ 7T 74— PCH IV
TLC): PC iy, HFMM No. 50 Lygts LT (D)
1-F a8, —A—Fpzsr—K (7:1:2), 1) 1-7 =
Ry —n—BEfE = FA—K (6:1:3) & (III) 7 % / —

N—BEEE—K (4:1:2) 2V,

TLC @i, vV #»## 1 (Kieselgel-G, Typ 60) &#%
WELTAV) 787 ——A v Fr 2y —1—K (10:
5:4) VI,

oK, 720 Vv7EV—B), T=oov)
VD 35 X OVT A ) MEREERSRERIES) & v e,

AFMLE A&7 =R HRELIT T beFY
SO A F NI B FED T Lo TiFotn, HE20~
50 mg % dimethyl sulfoxide (DMSO) 2 m¢ ¥5f# L,
BRI P TR L TR &, Zhi carbanion B
(sodium hydride 500 mg % DMSO 5méicinx, %
FEMT, 50°C T 1AL U CHRE Licd ©) 1.5 md
Az, 20°C C 3~5 R L, Wibar 1 1md
FHRMU, 2o I5ERBHE Lz, W CRISHK 2K
THIRL, 7= ehla Tl Ui, KGR
Pl L, 5t s » 7P ELTHEL, 0
AF LI 15% & 7 —AEEF T92°C, 543
MBETBZ LW Ar& AR LT, RIGEREY
Amberlite IR-120 & TRA-410 G U-TEEE A I %,
WAL, BEXe,

AR =N DO FAIn<r 757 4 — (GC):
AR =AY ILEOA R VIR L, A
0638 HA sm=< /37T, ¥t F 4+ & 16%
butane-1, 4-diol succinate polyester #FEHE LIz AT v
VAHZ A (Bmmx1m) RV, ERH AWK 40 ml/
min € GC 747 Lz,

MR (1) 3K, 77 7 b4 ) T30
~50mg % 005N v o VER IR W S ml ¥ fi# L, 60°C
TL5 FRIME LI, (2) BEMKS:, 757 +-A)
= 3~5 mg % 0.1 N ¥R 0.5 ml wFME L, 100°C
TI0HHmME L ke, O BRCILMKSHE: 777
b oA Y ¥ % 3mg % yeast S-fructofuranosidase,
Sigma VI, 2 mg % Mcllvaine #&# % (pH 55) 1 m¢
T LT U BRI 0.2 mé b T 30°C, 15 HFH]
A VF a2 g v LTRGBS,

2. 8 e

(1) FIRBLTLVEHEHOF ) THE
Kt s BhE X O = VBHES S <« BT OWTER T
BEST 75 7 b oA ) TEOERNTHBHELIT - 12,
R & U< 28 o 7 4 € (Helianthus
tuberosus L) DWW, £—V 7 (Dahlia pinnata CAV.)
DY, % 3R (Taraxacum officinale WEBER) @
B, BXOaEy (Arctium Lappa L) DR, + LT=
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Table 3.

Oligo- and Poly-saccharides in Compositae and Liliaceae Plants

Inulin-like
polysaccharide tose

Neokes- 6% (1-8-Fructo- 1F, 66¢-Di-S-fructo-
fruanosyl), sucrose furanosylsucrose

Plant 1-Kestose Nystose
Helianthus tuberosus L. + + +
Dahlia pinnata CAB. + + +
Taraxacum offlcinale
Weber + + +
Avrctiwm Lappa 1. + + +
Asparagus officinalis L. + + —
Asparagus cochinchinensis _
MERR. + +
Asparagus pygmaeus
MAKINO + + /
Alliwm Cepa L. + + -

+

+
+ o+ o+ o+

+ o+ o+

+

YRR D 7 A 35 A (Asparagus officinalis 1.) O

W, 794 AFHhXF5 (Asparagus cochinchinensis
MERR.) DR, z2F7ve v vy (Asparagus pyg-
maeus MAKINO) DR ZE, R XU & < % ¥ (Alliwn
Cepa L.) O A1z,

WO TFE L BRB Ik & AROT B T % M i
L, =8k JOVIREES 258 L, £h b onT TLC
BIOBEEK—CSA e hSarext 7374 —5
Bi Lk, MESKEEL PC (B8 (I} 597 L,

SHOFER (Table 3) 75, + 7 FHEMHIZ=HE 1-kes-
tose, VUi nystose, B I UM XV vESEEL 44, =
VEHESII C WS 0=k L OMEOS N R s G S
3 >=%E, neokestose, ¥ L OWUEE, 1F, 66G-di-B-fructo-
furanosylsucrose & 66(1-8-fructofuranosyl), sucrose,
BELI LMo, '

T O H TR AL, ORI oW TR FE R Th
s ofedy, = v EHEY W T—# D 1F (1-8-fructofura-
nosyl)m-6¢ (1-3-frctofuranosylln sucrose R %D F+ 1
TEOFEVHEESh, F 7R OBE Litis
Ehbhotz,

(2) FUTHEOBELHEE

1) H i3

TAAGH AR (dkg) B X UEHER, M2 WD,
ChEVBORMHIN YT 2 u &L T0% =4 7 —Lth
(10 4) CEFEAHTEMME Lc, chaiL, ®E
& CERL, 0% =/ -V CEERSMEL, -
DORER GEF 4 R Lic, BbhichtiRaxae, 30
~35°C T2 6 % CIRIEEM L, & i EEERER S 5 1R
INE—BRIE Ute, Tl IEs Lo, IR B bR
HARYIAS, M Ul iR 8% Ui, 8L 0.5 N wf
Py —F ok, BERMLCLZAERAE LR

Too CORMBHEKOE~F Y —AEEIL162g Th o1,

ZORERCOWTERK— 54+ (1:1, EEEH T
ML, o KELcdD) 5 4 (75X72cm) Kh
i, K (158), 10% =% )~ (15674, 20% =% /) —
n (624, FXUB30% =z —n (104 TIHKE H
L, B LcHEOEmNEL, KAHRKS (Fr. D)z
54.2g, 109 = x/ — VEHR 5 BIRK 22.7 g (Fr. 1),
232 g (Fr. II1), & X 08152 g(Fr. IV), 20% =% , — v
WHIX S (Fr. V) 11458g, ¥7:30% =% 7 — A BHEK
2 (Fr. VI) 1201 g CH o720

Fr. ML i1 TLC i X h=E~ERE £z & 2
Mot DT, OESEFEOE®RR—CFA I 4
(52x80cm) L, Kk 10% =%/ —ATHHL
120735275 (Fr. 1~12) @43 7e, BoIREds X
U'PC X0 TLC THH & hfed U =8E% Table 4
ZIR LTz

Fr.2 $ X 0412 PC 8LV TLC TH—AHy b %
RLICDTH/ A% 3a kXU 4a kil At i, W
FEE PC (BERT) 28ELIT > L I VBRI,
3a, 500 mg, & 4a, 250 mg #1571,

Fr.5, 8 B XU 12 3iER— 254 bS5 Aa 2~
XS4 (45x70cm H T A, 10%, 13% & X O
18% =x 7 — A EEH) EREFRHPC (BED 275
EWXOEERL, Fr.5 0 10% =2 —ABERS B
1, — OO =4 (3b, 400mg), Fr.8 ©10% =4, —
NMBEREX D DB x—D>0AlE (5a, 80mg), £ LT Fr.
120 13~18% =& / —ABHES S22 20 A3
(5¢c, 50 mg & 5d, 80 mg) A HEEL7-,

Fr.7, 9 5 X011 i KERE PC (BHFR D @ X
D& 2PUBE 4D, 150 mg, FEES5b, 300 mg LU 4 c,
140 mg, %7,
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‘Table 4.

Re-chromatography of Fraction III on a Carbon-Celite

Column by Elution with 10% Ethanol

Fr?\tr:(t)i'on Elm(il?'?.) vol Y(izl)da Oligosaccharides detected in eluates?

1 3.0 1.82 [Glucose, fructose], sucrose

2 1.7 0.50 Trisaccharide (Saccharide 3 a)

3 0.5 0.05 Tri-, and tetra-saccharides

4 0.5 0.25 Tetrasaccharide (4 a)

5 1.1 1.13 Tri- (3b), and tetra-saccharides

6 3.7 2.87 Tri-, and tetra-saccharides

7 0.6 0.20 Tetrasaccharide (4 b)

8 2.6 0.66 Tetrasaccharide ; pentasaccharide (5a)

9 3.8 1.10 Pentasaccharide (5b)

10 46 0.84 Penta-, and hexa-saccharides
11 38 0.93 Tetra- (4 ¢), and hexa-saccharides
12¢ 3.0 7.06 Tetrasaccharide ; penta- (5¢ and 5d), hexa-,

hepta-, and octa-saccharides

On dry basis. .
Estimated by paper- and thin-layer chromatography.
Eluted with 30% ethanol.

loni ]

o

S 3a 3b 4a 4b 4c 5a 5b 5¢ 5d
Fig. 3. Thin-layer Chromatogram of Fructo-

oligosaccharides Isolated from Aspar-
agus Roots.

Conditions: solvent (IV), triple development.
S; standard sugar, sucrose.

2) " " .

BEEL-FESFEOAF Y ok Fig. 3 it lsc
£ TLCIRXWH—ThHarZEFEDLII, Thbd
DOEFOET OB % Table 5 iR L1z,

& % DYRIBILTIR R ET, B d 5\ 3RO S-fruc-
tofuranosidase i X » fiKS g S h, £ PC 57
XD INa—RETFTI P —ATHBI Ebh o1z,

&« DREDESEIASEOBINK S EAERh O 71
T=ABHBHVET P AT ARELEDON, PCTR

TEBEE, SXVOFD-vAARZ brA Y —~ICEo
THRE LT,

DEw X p3al3bfRrsrarsy/ —R1Erd
75775/ —A2FEANGIS S, da, 4b F
T4z s nars/ —RA1ELEF-757175
/ —=AR3EADLLHIUEE, XHi5a, 5b, SckR LS
Sdf L s raes/ —R1EAE 75775 ) —
AAEBNENLRRBARETCHDE Ldbh ol

RCEBEOBEYHIb It B m 2o+
L, ThbOMA & 7 — A DB O TR T, Kl
DA FNACHIKRD & 5 A LESWE R L, FhEh
HEEE L —FK L1,

C% H%

= B 3a 53.24 841

= B 3b 5317 8.39
e84 F AL =5 CooHsO45 (E%ﬁflﬁ) 52.88 8.26
18] W 4a 53.31 8.27

8] B 4b 5296 8.23

el B 4c 53.08 811
STe 4 F b C38H70021 (E?ﬂbﬂﬁ) 52.89 8.18
iy ¥ ba 53.04 8.24

il ¥ 5b 5351 822

L # 5c¢ 53.02 8.22

Fi B 5d 53.09 814

SE4 A F AL EE CyHgsOop (E%fﬁ) 5290 812

THRCTERAFAEED 2 £ ) — LRI DT
GC HHi%zfT\v (Fig. 7), HAFAL7Y 2 FOE—7
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Table 5. Several Properties of Fructo-oligosaccharides Isolated
from Asparagus Roots
. Molar ratio in hydrolyzateb FD-MSe
. []8 Rs- Reducing a
Saccharide value*  power Reducing sugar Reducing sugar [M+Na)*]  D.P.
(*) /Glucose /Ketose (m/z)
3a +30.4 0.61 Nil 2.98 1.48 527 3
3b +20.5 0.64 Nil 3.03 1.51 527 3
4 a +7.9 0.42 Nil 412 1.33 689 4
4b +24 0.42 Nil 4.16 1.30 689 4
4c +4.5 0.40 Nil 4.05 1.33 689 4
5a —4.9 0.25 Nil 5.06 1.20 851 5
5b —7.8 0.25 Nil 5.10 1.26 851 5
5¢ —52 0.25 Nil 5.03 1.25 851 5
5d —6.6 0.25 Nil 4.95 1.23 851 5
a  Relative Re-values (Re=value of sucrose=1, solvent system I, double development).
b Products obtained by the complete acid hydrolysis.
¢ FD-mass spectra are shown in Fig. 4-6.
d Degree of polymerization.

ORI L Tabl 6 iR L%, ThBDF~50
BEHci3EE® 3 X0 ASPINALLY) OFf%% L BEIC
L,
(3) HEEFVIEORE

1) 1-Kestose, nystose BKE 1F (1-B-fructo-

furanosyl); sucrose OFE

3a,dak LU baEAFALYD A& ) — NG RY
DFTH 5L methyl-2, 3, 4, 6-tetra-O-methyl glu-
coside (T : HAXHRESRT, 1.03, 1.44), methyl-3, 4, 6-
tri-O-methylfructoside (T, 2.69, 3.98) ¥ X O methyl-
1, 3, 4, 6-tetra-O-methyl fructoside (T, 1.03, 1.26) i
MUTH -7l Shic, #oTC3agE i 154
fructofuranosylsucrose (1-kestose), 4a $# 3 1F(1-8-
fructofuranosyl), sucrose (nystose) & & i 5afE i
1F (1-A-fructofuranosyl)s sucrose TH 5T & TR
Thiz,

2) Neokestose DRIE

3b DB, methyl-2, 3, 4-tri-O-methy! glu-
coside (T, 2.50, 3.53) & methyl-1, 3, 4, 6-tetra-O-me-
thyl fructoside (T, 1.04, 1.26) i3 b I HG2D &
— I REEI iz £ b, T O 69-8-fructofura-
nosyl sucrose (neokestose) Th % Z L AMER I hiz,

3) 1F(1-B-Fructofuranosyl) m-6¢ (1-8-fructofura-

nosyl)n sucrose RIFE S BEORE

AU oPE4D, 4c, 5b, S5c B LU Sd DEERIL, &

2 3bETHR B IRIZESD E— 7 Dfflic, methyl-3,

4, 6-tri-O-methyl fructoside (T, 2.67, 3.96~3.97) 4
UFTL008— 773 H X h, hkzoBs T, 2.67
D ¥'— 72k methyl-2, 3, 4-tri-O-methyl glucoside
CHETHREE -7 (T.250) 2PE5 2 L lb ol
- TZ D OADDENTA T neokestose DEHE L
HE I, 7

TTTC, RO OHEOBEYHLNCT D0, %
$E% 005N v = vfgd, 60°C, 1553 RIMNB L, #4ink
SR LT, = DREHED 721, 1-kestose, neokestose,
FLUCHRCHEETHR LicSa b ¥ oRl—4&8E T cink
BRLT, T O MK BA B>V TR
BEINEHANTPCHOM LIcE D, Yra—R, 75
7 b= AR XURITLHE A ) TR IEREAE CRe RS
L, Ya—7r—-ARI R LRI RS A4 ) 5T
A L, & 3R U0 ko AL i e
TNo 1,2 BIV3ID=2DAEy bbz ek, o
NHRIERENT Z 7+ —A, FAa—2AKITY 2 —
7 a— ARHMETBHDTH 7 (Fig. 8),

No. 1~3 L4+ @ No.4 725 No. 9 D AA y MI~t—
A=mbE) b &b, KCHEE, BT OWGRT
T, Fra—ABIVr b —ASHRTF -1 (Table 7).

Fig. 8 38 X0 Table 7 ic X Wi+ 5 &, 4b, 4c,
5b, 5¢ B IUSd BN B4 Ut No. 4 DOF TG4 813,
PEH#E B neokestose 254 Uz No. 4 A4, 3B &
MiC 6-B-fructofuranosyl glucose THB = & b,
6-8-fructofuranosyl glucose TH % = LafED S,
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Table 6.

Gas-liquid Chromatographic Analysis of Methanolyzates

of Permethylated Fructo-oligosaccharides

Methanolyzate from

Relative retention time?

Saccharides 3a, 4a and 5a 1.03
Saccharide 3b 1.04
Saccharides 4b, 4¢, 5b and 5¢ 1.05
Saccharide 5d 1.05
SucroseP 1.03
1-Kestoseb 1.03
NeokestoseP 1.04
Methyl-2, 3, 4, 6-tetra-O-methyl-8-D-

; 1.00
glucoside®
Methyl-2, 3, 4, 6-tetra-O-methyl-a-D- o
glucoside®

126 144 — 269 — 398
1.26 — 250 — 353 —
1.26 — 250 267 352 396
1.26 — 250 267 356 397
126 143 — — — —
126 144 — 265 — 396
1.26 — 250 — 353 —

— 142 — — — —

a Retention time of methyl-2, 3, 4, 6-tetra-O-methyl-3-D-glucoside =1.
1-Kestose and neokestose were previously isolated from onion bulbs®.
Two reference methylated sugars were prepared from $- and «- methyl glucosides,

respectively.

Trisaccharide 3b

Trisaccharide 3a

N _
0 5 10 15 20 0 5 10 15 20
Time (min)
Tetrasaccharide4h
Tetrasaccharide 4c

LA

0 5 10 15 20 0 5 10 15 20
Time (min) Time (min)

Pentasaccharide 5a Pentasaccharide 5b
Pentasaccharide Sc

Pentasaccharide 5d

Time (min)

Tetrasaccharide 4a

0 5 10 15 20 10 15 20
Time {min) Time (min)
Fig. 7. Gas-liquid Chromatograms of Methanol-

yzates of Permethylated Fructo-oligosac-
charides.

Conditions : see text.

FlezoZ ity b—R: ZAa—ADEAM (f91:1)
KIOY P —2: BEHEOELL W1 ) K Lo Th

IR,

4b BIV5bENRBETS No. b Ay b3, fEE

B neokestose 225 ® No. 5 AR » b CRKIGD neo-
kestose) D Rsfliic—8THZ &L b—RA: P a—
ADEN #2:1) 5 X BT & 25 neokestose &

ey JORN X |
el o] JoX 1@) ’.
COCeD 0@
Jel'el YOI ¥
co0 0O 0@

ONNONN X |

ceOC o@

q

5

6

7

8

9
] ] L 1 1 ! 1
AS 4b 4c 5b 5c 5d Sa 1-k  N-k

Fig. 8. Paper Chromatogram of Partial Acid

Hydrolyzates of Oligosaccharides Iso-
lated.

Conditions : solvent (III), development, triple and
ascending.

AS: standard sugars —F, fructose; G, glucose;
and S, sucrose.

4b, 4¢, 5b, 5¢ and 5d: hrdrolyzates of each of
the isolated sugars. 1-k, N-k and 5a: hydrolyzates
of l-kestose, neokestose and saccharide 5 a.

Black circles, highly reducing spots; white circles,
faintly reducing spots.
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Table 7. Properties of Partial Acid Hydrolyzates of

Oligosaccharides
Molar ratio
ComI\II)cc))und Rs-value® Ketose/GlucoseP Ketose/Reducing sugarP

4b 4c 5h 5¢ 5d 4b 4c¢ 5b 5¢ 5d
4 0.87 1.09 1.05 1.07 1.07 0.96 1.10 1.08 1.08 1,09 1.12
5 0.75 1.98 197 200 2.03 1.88 — — — — —
6 0.66 1.99 / 2.10 / 195 1.90 / 1.85 / 2.08
7 0.56 310 3.05 3.04 296 290 —_ —_ — — -—
8 052 / /313 / / / /275 /
9 045 / /405 416 391 / / S —

a Relative R¢-values (Ri-value of sucrose=1, solvent system III, triple development).

b Kestose and glucose were analyzed after hydrolysis of each of the compounds, whereas
reducing sugars were measured without hydrolysis.

(—): Almostly non-reducing.

RiEShie, Kic 4o, S ks VB APNDLLES S No. 5 /|.wi_1o°/ EtOH———>}«—— 139, EtOH —
DARy My b—RA: Fha—A0 Al §2:1) A : 5 ) c
45 % 7o 1-kestose & neokestose ¥ 72435 Rs{l 20 - -
2H21.0T, Ebiczh® PCHIV TLC THEL 20

fok =B, ZHhit neokestose & l-kestose DIES Y
THHT EDVHEDLRIS,

4b, 5b KXV Sd 1B D No. 6 A4y MixTall
T2y AL —A: L va—Anbich, ThEifsy
Kf#E+% & PC T No. 4 L[A—D RsfEx &2 p8E%4
Ufz, €T No. 6 8% 6 (1-f-fructofuranosyl), glu-
cose THAHZ EPFTEH NI,

5b, 5c IV 5d ENHD No. 7 AH y + DIEET

Saccharide ( 49 as hexose/ml)
o 5 o
F

L, RO Ab BB\ ik 4cHED RsfBLRER Y 10
F—® Rs %R LT, BER—E74 + (1:1) 2 /\
Fh (1B6x57cm) WA IR IT7 4 —%{To °0%6 80 100 120 140 l 3
. s 0 0o 40 60

oo Fig QWRTHE &~ virbhnb L 5b Fraction No.(6-ml lractiins)
MO No. 7Hi: 4b FECHH L, 5c b No.7 Fig. 9. Carbon-Celite Column Chromatograms of
B nystose & dc EORBYTHD, 5dEILLOEL Tetrasaccharides Obtained by Partial
ML Ab KL Ac BORAWTHD = ENED LT, Hydrolysis of Saccharides 5b, 5¢ and 5d.

5hEENLD No.8 AHy b3, FAa—RA1=EL, I, I and III: tetrasaccharide fraction paper-chro-

b b A3 EADD D ETHIETE D, CRESH matographically s.eparated from the partial h}fdrol-
yzates of saccharides 5b, 5¢ and 5d, respectively.

Wiy AT % & 6-p-fructofuranosyl glucose & 6(1- Carbon-Celite (1:1) column chromatography: 1.5
B-fructofuranosyl), glucose 234 Uie Z &35, 6(1-8- X57 cm, successive elution with water (500 mé),
fructofuranosyl)s glucose TH 5 & & AFED B R 1=, 10% (840 m#é) and 13% ethanol (600 m¢).

5b, 5c B L0 5d EEnbD No. 9 A4y MIERE Elution range of the reference sugars: (A) nystose,

N ) (B) 66 (1-8-fructofuranosyl), sucrose and (C) 1F, 66-

MRGIWHDED, Se B3IV BdELDLDTH T, di-g-fructofuranosylsucrose.

DIEDRREE D & L, KBEE4D, 4¢, Bb, 5c
3+ X065 d DI MRS FICFE L% Table 8
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‘Table 8. Sugars Identified in Partial Acid Hydrolyzates of
Oligosaccharides
Sugars identified in partial acid hydrolyzates of
4b 4¢ 5b 5¢ 5d
" g {F F F F F
onosaccharide G G G G G
Di harid {S S S S S
isaccharide 6-F-g 6-F-g 6-F-g 6-F-g 6-F-g
. N-k N-k N-k N-k N-k
Trisaccharide -k
6-(Fk-g 1-k 6-(Fe-g -k 6-(F)-g
6-(F)a- N 4h
Tetrasaccharide { — - Flre v
4b 4¢ 4c

e; 1-k, l-kestose; N-k, neckestose; Ny,

Remarks: F, fructose; G, glucose; S, sucros
nystose; 6-F-g, 6-8-fructofuranosylglucose; 6«(F)-g, 6(1-8-fructofuranosyl)y-
glucose ; 6-(F)s-g, 6 (1-8-fructofuranosyl)y glucose.
R L7,

CHUCE DN CHA BB ORISR LT 45 LRD
Xowins,

1) 4bgE: 6{Flg i 4b DY 2 — 27 v —AFD
757 b — Ap\HEE L 72 % @, neokestose iAo K 7
S F—ARERTHD, 6-F-gliva—27 v —AHD
757 b—ALBOEMT T 7+ — AWEL B LTk
ULHed®, ¥hva—r—A3Ya—In~AHD
GO(fER 777 P —A2HTHBRIbDLETHT
LK, T Ab BEiL 6% (1-f-fructofuranosyl)y-
sucrose THD T ENFEDLRI,

2) 4dcli: ZoOHEOBET, AbEOBE D 6-(F)g
T l-kestose 2MET B Z Lvh, ORGSR LT,
66-di-B-fructofuranosyl sucrose THHZ EMFED B
iz,

3) 5biE: =HEE CiX4AbBEDHE LF—REr A
U, SbrppEs LT4bELva—rr -2 D77
7 b —ADBEELTAE U EB L bR b 6-(Fls-g BFAIE
IRtz ok, - OREEL 66 (1-f-fructofuranosyl)s-
sucrose EFEER XNtz

4) Scff: =E Tk dc EHOSE LR—DRENE
U, SHIEE LC4chiEy a—7r—AHD G-6
PeE L7 7 7 P —ARBRNRTE TR EZEZDNRD
nystose MDD S e 2 E b, ORI 1F(1-6-
fructofuranosyl)y-65-5-fructofuranosyl sucrose TH
LT EERFER LT,

5) SdBE:. pupEr UCAbBEL deBERAEYL, ¥R

=L LT neokestose, 1-kestose 35 X O} 6-(Fl-g % 4E
TH D, BH K C O 1F-8-fructofuranosyl-
6% (1-B-fructofuranosyl), sucrose &FEEZRTX 7,

BB, Bl L7 3a, 3b,da KXV 5a iR D
TTARGHARPLHBE I R 2D 777 b4 Y
TPEOREEY Fig. 0 —ELTRLE, TOHBD
O FE, 1F (1-B-fructofuranosyl),-6¢-S8-fructofurano-
syl sucrose & 1F-B-fructofuranosyl-68(1-g-fructo-
furanosyl), sucrose, IZHFEF TG Ih Qoo
THb,

3. % E

Ere i B FEC L - T, 7A5 AR
=¥+ LT l-kestose & neokestose & %#[FET 5 &
MTEIN, BECd 5T 6-kestose 13D T
Ehinotz, $Eo T 6-kestose 127 A -5 HARKITH
HELBEVWEDEEZLONRD, ZOZ LIFHEHSI R
~AFCRE LIz &&—FL, FhfuoBifegs=5
KOWTHEBED= YRHEY (79 AFARSM), x—
FFLUD =S5 FW), Fapoy=yv=yl), =y
= puy, FEFN), LFA g, — Y, 7,
Tulipa silvestrissh), Ornithogalum nutanss) ¢
LR EL—F LI,

¥ % l-kestose BAHERE L LTI nystose & 7ifH 17-
{(1-B-fructofuranosyl)s sucrose, neokestose BHESHE &
L CPY$# 6G (1-8-fructofuranosyl), sucrose & 1F, 6G-
di-B-fructofuranosyl sucrose ¥ X U'AEE 66(-5-

=5,
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CH:OH
6
0
CH;
. o~
HOH.C HOH:W 0
CH, CH.OH 0
1
HOH.C o 0 HOH:C o
CH,OH CH.0H
3a 3b
CH.0H
O
o)
CHz CH
/ 2
HOH.C l HOH.C ) Q HOH,C 0"
JCH, Kl: K—jc:m; 0
! !
HOH:C O HOH.C ; O HOH.C HOH.C
CH. usz()H H. OH LHz
|
HOH.C o O HOH;C o (
QH;OH ;—;CHQOH
4a 4b 4c
CH;OH
@
0
CH; CH .
HOM.C HOH.C /C:) HOH:C o 0] HOH,C o—"H
(IZHz | CH.OH CH; 0
]
HOH:C O HOH:C O HOH.C HOH:C HOH:C O HOH:C
\/—:W (I,Ha CH:OH CH: CH:OH CHs
|
HOH;C (, O HOH.C o 0 HOH.C o 0 HOH.C (o
Y—j(,:m CH, OH QHZ unzon
1 .
HOM:C o O HOH:C O
UH'IOH u“;o”
5a 5h 5¢ 5d

Fig. 10.

Structures of Asparagus Fructo-oligosaccharides.
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fructofuranosyl); sucrose, 1F (1-3-fructofuranosyl)-
66-8-fructofuranosyl sucrose & 1F-8-fructofurano-
syl-6¢ (1-8-fructofuranosyl)y sucrose DFFEXFED
2, ZZTh b-kestose BUEREIT AT & LixTHeh
12,

o TT ARG HAREDI 2 )Y TIRZ D X )
feod U TREEBR A L LT T B Dk
EZzbhb,

—, HEELiodT, 1¥, 66-di-B-fructofurano-
syl sucrose (MR L= F s g, FYaFk) )il
s OFENEE IR TR LDTHBHN F O Bl
BESEHDTTHS, Fi, 1F(1-g-fructofuranosyl)-
6G-B-fructofuranosyl sucrose & 1F-8-fructofurano-
syl-6¢ (1-3-fructofuranosyl), sucrose 1145721 8 & D
TWEETH -T2,

REEL L OBAEORC OV TR o TRk
oted’, BbL 7235 HARIIT 1-kestose 38 L UF
neokestose BED KD 4 ) TAHEL, FOEEL
BIX0~15 %0 Thh, ¥/ THMEOHEDLD
BREESTEBIFELLVLDOD L5 Thote,

4. B #

TARTHARO =& ) — A BIEMR— € 5
AP ATEIRTLITT7 4 B UHABR— -
B ST 4 —REDIEDTI 7 bk ) THA B
L, FD- mass, #iE, A+ FACHFEED A s =
=Y 57 4 R X0 B X O B-fructofuranosi-
dase ¢ X % IKAEEBRBOZHC L - T, ThbD
B2 R Fh 1F (1-8-fructofuranosyl)n sucrose (n=1
(1-kestose), 2 (nystose) 38 X O 3], 66 (1-5-fructofura-
nosylln sucrose (n=1 (neokestose), 2 ¥ L ¢¢ 3], 1F,
66-di-B-fructofuranosylsucrose, ¥ X082 fEoi 7 B
1F (1.8-fructofuranosyl)y-6¢-A-fructofuranosyl suc-
rose & 1F-f-fructofuranosyl-66 (1-8-fructofuranosyl)s

sucrose, Thr T L HTER LI,

$3FE I759MFVIBOBENSR

BEMYCRTE7 77 LA ) IEOL S RO
Wik, Plxif EDELMAN L9 pi% 7 4 £ 1F(1-5-
fructofuranosyl)n sucrose RF|DOEEDEESHBIZ O W
THRBET>TWBDE, BORFIDT 5 27 b4y =fED
FRE OV ESEDR A REEDR TR E AL
BB IR T,

BB TRk i, 7A-37 2 Baices 17 (1-5-

fructofuranosyl), sucrose (n=1, 2 35 X Ot 303 %5k
DMz, 66 (1-B-fructofuranosyl)n sucrosel®® (n=1, 2
¥ X O 3) % X0 1F (1-p-fructofuranosyl)m-6¢ (1-5-
fructofuranosyln sucrose (m=1, n=119); m=2, n=
1103) 33 L8 m=1, n=2109) RFlOEL FLFETHZ
ERHB I ET 57D T, ©hb OREOEATR LI
THCLREHRDHIDOLEL, PEBOMEL LTK
DEBRET o7, TTHEIR, 7A7FARPLEE
OB & - T ULREROBET O WTES, 8
2 oBRESYE VT ERDO Y 57 bt ) TR
~a—27u—=, lkestose 35 LU nystose b EERIC
B ENB0ER ABEEO B, TR L - THED,

HE3ELRARORHEER DI LI EDL
57T VAT 27— ENMET AR ED LS &L
Foo COBTIRZADDOEROER LR LICOVWTR
AT ERT BN,

1. ¥ &EHE

e 7 AT 7 AORIHBEERS 0K BRB ST,
19744510 A L, BBl Ea Lcb O& M
L7z,

[U-4C] & 2 — 7 » — A (>350 mCi/mmol) % the
Radio Chemical Centre, Amersham »H#BA L, [U-
uC] 1-kestose (# 0.1 #Ci/mg: 80 mg) & [U-1*C] nys-
tose (# 0.1 #Ci/mg: 10 mg) {37 A~ 7 # ABEFEE M
BT [U-HC] v o~ 27 r—A (01 xCi/mg: 1g)
SRR U, HbttED PC 5 X OWEMIR—
SA A TaIR< T 4 —HOBRIIF+ VT
ELLTI/Va—R, 7537 =R, Ya—IrR—AE
I OHRIT AT 7 ABH 6 BEES14) L7z 1-kestose,
neokestose, nystose, ¥ X0%4b, 4¢, 5a, 5b, 5¢,5d
bt g LAY

BOTEESW: 28 BILESIP I/ Vra-ARIX
Wi G LB i - feo

F U OGS BEE L oty o 2 F AL, £
FAACRED 2 & 7 — AR L A B 7 — NG B D
GC & #t, + ) WO X A MK R, BRI
4 VL & — BT X BEEMKSE, % LT hipo PC
£ IO TLC e CiiERE LichHERY v,

FER— S A LTI R T - BER
L DER UL Mo A—ESEY
b 074 V= DS ERCERTH » B R — 2 T A
FehFAs R ITT 4 —RH WV, b, T
YE RCTRELATEER—2 54 F (L:1) BEWE S
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S 4 (15xBdem) IKFHL, ZThicBlgEHL, K
Wk, 10%, 13% B XU'20% =5 ) —VCHEERC
ML, BHRE6meFO5R U, oo
BARITHEEOF » ) 7THVHERRCRMLICHE s v b
737 4 = %fTo1

AR ORIE : BB 0K (056~1.0 m4) 13.2,
5-diphenyloxazole (0.3%, w/v), 1, 4-bis [2-(5-phenyl-
oxazolyl] benzene (0.0023%7, w/v) %5 X O Triton-X100
(28%, viv) el v L= VERE™ (10mé) wiE» L,
Aloka kv vF L —va Ve AR br 2 —F— (%
7 LSC 502) i X o THEHE 2 RlE L,

BIRBRORR: 7 AT AM 200g 0, 28
lkg) FHKEL, Mk, AHL006M V vEEE
B, pH7.0 14 %inx I+ —hTheor 4 AL
o FEDF— PEGCIEBL, BRLYELDEL -
(10,000 x g, 1543 ; #FE Lis VR YL L o5t 2B
W), EEIEREAL, 5°C THE L CAET A EY
wEOSBEET X vy, 0.05M YV VEREEW, pH 7.0,
¥h L, 00LM Y VEREEEN, pH 7.0, 5 HEEH L
feo BRI EZROOEL, EBKY “2fifiEsy” &
BT,

T OEL P OBERIL S bR HWT, “0~037,
“0.3~0.5”, “0.5~0.7" ¥ XU “0.7~0.9 fgfIE " iy
PR i, FESEPED 0.005M Y VEEEER,
pH 7.0, wiFffk, F—BERTEN L, EMAK
TR ODEER, & BRI OWT 3D fructosyltrans-
ferase DOIEWHWE L,

Ffo, “0.3~05 RIRIEN 12V VERH LY L s
MR XD ISR L, b vEEALY Y 45
v (10g/EE 1g) 2 OESEMLESREL, 5°CT
30 B Ui, ChE@OamEs, EEKR (“0.3~05
AL (Y YEAA LT LAY monT, 3D fruc-
tosyltransferase §EM:ZHlE L7,

1.Kestose & B\ L nystose 2xH DA U =i 0 A4 R
EETIX kb “0.3~05 SIS R, va
— 7w —AhLOK ) TEOERRECRHBIEC T A -2
FH AR 2kg) H 6 “REFES” AL, hr
Amicon [BAMEESS (PM-30 filter) T 50 mé 1Z i85 L
b0 (“BRESSRES") EAVR,

BESREE OBIAE :

SST ¥tk : SST WM 1 BILT Tk o &M T C 18
MY a—mr—AMmbYa—2RrR—A~NDT7 57 b
NEB ML 12 21D 1-kestose #4ET AREKER &
EE LI,

BESIEPEOMEIIR D X 5@ LTI » T, BEFE (20 )
L Mecllvaine &M ¥, pH 55, & 02 M [U-4C] & .
—7m—2 (01 £Ci, 20 ) Hb7e% B BRI A) %
30°C C1RMIA v o= L, BUG% 01MEAER (10
2O DT L V1k®, F o VTR (Fra—2R, 735
7 b —A, l-kestose ¥ XUF nystose, % 4 1mg) %%
SRR ML, ZhaEic-S v Flikicda b o 3 BiE
BA (BT Ui, Bl v o —27r—2R, lkestose ¥
S OPREL L ORI 5 S v Pt UORE
TeEREE ST, & URBELK (1 md) iEhL
7ot FO—IF (0.5 mb) oW TH SHRER M E L 7,
SST &1 1-kestose DRCETHE EBUR Lice B abak &
BHEFE L,

IF-FT %M 1F-FT &0 L R TRO&EHTT
1 e 1-kestose 235 % 5 —2D 1-kestose ~D 7 5
7 F oNER AL 1 2 £ A0 nystose AT HE
FE, »BWIL l-kestose H YV a - B —ANDT T
7 F BRI, 1o LDF0 1-kestose #4E
T AEEREE LCER LIS

BEREM O RECALIR O T 0D RIGRWE & AV e, |’
¥ B: Mecllvaine 2%, pH 5.5, # 02 M [U-1C]1-
kestose (0.046 pCi, 20 pnf) LEEF (20 pf) m™H bR ;
{E¥% C: Mcllvaine 2%, pH 5.5, # 0.2 M l-kestose
L02M[U-YUCl > 2 — 27 r—2 (01 uCi, 20 pd) LBEHR
(20 p£0) H> TR BHE,

BW B % X00C % 30°C, LEREAM v& o ~— 1A,
0.1 M F5K (10 d) iz TRIGH 1L®, BIK B Tk +
YT7EEL LT3 7 F—RA, ¥Ya2—2m—2A, neokes-
tose, nystose, ¥ X U8 1F, 66-di-f-fructofuranosyl
sucrose D& 4 1mg &%, BE C xRy ~ —
7 n—ARRLETOWH, &~ 1mg Erict, HE
Bt 5S4 HFarmet 57 4 —ROTPCRN
W, B B 251 nystose, B C 3513 1-kestose
THE e, 1T-FT M0z - hh OB O Hui e & 3
IRl HSRENSEHE L,

6C-FT &M : 66-FT &M 1 Bifiryx, 1-kestose 7
B 1-kestose ~D 7 F 7 b+ v AR A A L 1 BERS
1lpg 10 1F, 66-di-S-fructofuranosyl sucrose %
BT AHERE, BB l-kestose b Y2 - r—2A
D757 b UAEBERBBEL 12 4D neokestose
RETIWRBLERLL,

Ek BT B Lt C A 30°C, 1RGS2,
ik & FREOFET, BB A6 3 1F, 66-di-f-fructo-
furanosy! sucrose, {E¥& C 7513 neokestose # Hijff
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Table 9. Activities of SST, 1F-FT and 66-FT in Fractions Obtained
by Precipitation with Ammonium Sulfate
Activity
. Vol. Total

Fraction Ae Ba o ce protein®

SST 1F-FT 6G6-FT 1¥-FT/6¢-FT 1F-FT 6G-FT 1F—FT/§G—FT

(U) (U) () (ratio) (U) () (ratio) (mé)
0.0—1.0¢ 202 2485 426 5.8 805 130 6.2 270 5670
0.0—0.3 11 156 37 42 63 12 5.3 38 543
0.3-—0.5 141 1500 314 4.8 443 89 5.0 80 2130
0.3—0.5 (Ca-
phosphatey 46 428 160 27 117 39 3.0 100 418
0.5—0.7 41 201.0 10.8 18.6 74.3 3.5 21.2 50 672
0.7—0.9 0.3 18.0 0.5 36.0 —e — —e 29 112

a Substrates employed: {A) [U-14C] sucrose ; {(B) [U-14C] l-kestose; and (C) [U-*C] sucrose and

l-kestose.
As absorbance at 280 nm.

¢ Degrees of saturation with ammonium sulfate.

d  “0.3-0.5 saturated fraction” treated with calcium phosphate gel.

e Unmeasurable.

LT, ThbOREELIEST S ek hEREk S
BH U,

2. ¥ 2]

(1) BrRfamES ORI

7 AT AR (Lkg) S SHERS Blik B <5
TARDODE 5 D K AT SST, 1F-FT 35 L 0% 66—
FT &% e Ui, ZOE Y Table 9 wRLie,
IF-FT G & 66-FT i3, 3L A KL TOES T
SST &M X b b - 72, 1F-FT @ 66-FT w1 %
EHEH IR — e, By LR T, 20X
£V, WEELRR-BEERCER TS SO TR,
TREND R AFERACHEL TR I L2 REL
T, Filo, ZOZ &Y vEEIALC Y AP AN
Witgo “0.3~0.5 SIS kit 5 1F-FT/66-FT {&
OB L > THFHFEINS, HHEE B Tt 4805
2.7 ~, B C T 5.0 205 3.0 ~NEZ LA L, 7ML
B I IRFTEZABPI D E{rEZIhB T ERRL
T B,
(2) Ya—Hn—2AWhODOEEEOEBELRT

1) M B

777 b oA ) THEORBERIE IR RO ¥ T
712,

Mecllvaine &%, pH 55 $H08M . —27mr—2=
B (50 m4) & Amicon [RAMEEM TR L “2f
sy S0 mé) »oisHREEVED b= VEET

T 30°C C24 B4 v 2 X~ t L, RIG% Bl A+
54yMEc X bk, EEW X hIEERNERRAE L
7ok, B U, WA L, 05N KERMES F U
ATHRFIL, WET TR L OBIREE 2,

COBEWE I T AR T 4 — (FEER—ES
4+ (1:1) BAY 55x85cm H# 5 4) W, HFA
IO EER TR - et 10% =5/ — L k205 =z
7 = (%5 8) CIHCHEEETVERA Y SO BHEEY
Tt

10% =& ) —LT366~454, RNT20% =2 ) —
AT O~5 My HE b E Fh Fh Amberlite
TR-120 35 L OF IRA-410 o o v2ciiliis cBith Uik
WET CREL, HEmRLL,

10% = 7 —ABEHED B PC 5 X0V TLC TH—
AFy bz ZHEHK (1.08g) AELAALDT, &
h# 3 AREZfT I,

20% =& / — AW L IRAREE 16g) 255
hiehs, Thid=, WM, B, RBEICEEORAHTH
BT EN o oD TE A OBERSEET A o, R
PC () #7-t. %3 PC 3 X0 TLC Ay Bi—
ThHHEENEEEHE (428mg) & LTELRLDT,
ChE3BEEL Ui,

SHIW, ABIVR (BiVvint) BrREhthe
MR & LT 651, 154 35 X 00107 mg 85 hiz,

Z o TEFIUER ROV 7 £ 7 v — R B
FhHdE, FO—I (325 mg) & ik & FEOHET
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LHEE R R IBSCRE R I3

3%

EHR— L P ITAZaw I T 70— (H T A
5.5x81 cm) i}, KK 10% =% 7 —r (18 4) TH
ML, 94~10.6 4% X 01134~15.6 355 DB &k
RL, RWT13% =& ) — LB 2 ET 4.0~52 £ 34
DEHKEED, Th T RTRRESEESR L,
10% =2 7 —ABHE»SHIL, 4A(112mg) X048
(78 mg) WL AT 2O ABREKE L TE bR
T, ¥ 1805 = 2 /7 — LMY B I2E BEFE (96 mg)
BELRIDT, thi4CiEL Lk, ZThbD4A,
ABHITCACERATPCHIVTLC TH—Th 5
T EHTERR I N,

ks, BIGRXLAERR (154 mg, 5X L4 5)
DEHIC VT IRERT S,

2) A &

HEE L7 3A, 3B, 4A, 4BB X 04 C X5 IR
o 5X g, Table 10 KR LEDHF — 200, &

CI/Aa—=RET7 57 —Abbli IR TH B
ok, ¥73AL3BREIL=H, 4A, ABRIUT4C
B, LT XBRARTH B L RER S
hic, ‘

Ao, ThBBEED 2 FAEEGD 2 2 7 — LM EM
@D GC 45#7 (Table 10) iz X » T, =4 3 A 11 1-kestose,
=#§% 3B 3 neokestose, PUKE4 A | nystose TH5HZ
EHFEBHR, —HUEE4B L0 4C 11 & HIT neo-
kestose DFEMLTHSD Z EHBHEE I I,

LT C, 4BRIVACHEYEETROMKIRL, &
ey PC X0 TLC 41 Liz, Table 11 i
Lo, MESEBYRCR I AT —A, 7FT F—A,
v a2— 27 u—A, neokestose ¥ J {8 6-3-fructofurano-
syl glucose DI ODPEDIZ, 4B BEOHIRYHIL
6 (1-B-fructofuranosyl); glucose, 4 CHEDZhm it
1-kestose WABIhi, TDZ &, 4Bk Xr4C

Table 10. Analyses of Enzymatically Synthesized Oligosaccharides
: Jeb
1 Methyl hexoside Reducing
Oligo- _ Reducing . sugar/ a
saccharide Rs-values power Methyl Ratio of peak area glucose in D.P.
hexoside Found  Theoret. hydrolyzate®
2,3, 4, 6-gul 12 1.0
3A 0.69 Nil 1.3 4 6-fru 1.0 1.0 297 3
3,4, 6-fru 1.0 1.0
. 1,3,4,6-fru 18 2.0
3B 071 IS O Y 2.0 2.96 3
2,3,4,6-glu 1.1 1.0
4 A 0.48 Nil 1,3,4,6-fru 1.0 1.0 4.07 4
3,4 6-fru 19 2.0
1,3,4,6-fru 2.3 20
4B 047 Nil 2,3, 4-glu 1.0 1.0 3.89 4
3,4, 6-fru 0.9 1.0
1,3,4,6-fru 2.0 2.0
4C 0.45 Nil 2,3,4-glu 1.0 1.0 3.95 4
3,4,6-fru 1.1 1.0
2,3,4,6-glu 2.3 —
1,3,4,6-fru ’
5X 0.34 Nil 55 o Lo B 5.12 5
3,4, 6-fru 22 —

a Relative Re-values [Rf of sucrose=1; solvent system I for PC; quintuple development].
Rs-values of the reference sugars previously isolated from asparagus roots: l-kestose
0.69, neokestose 0.71, nystose 0.48 1F (1-3-fructofuranosyl)s sucrose 0.34.

b Methyl hexosides found in the methanolyzates from permethylates of oligosaccharides.

Key: 2,3, 4, 6-glu: Methyl-2,
1, 3, 4, 6-fru: Methyl-1,

3, 4, 6-fru:
2, 3, 4-glu: Methyl-2,

fructofuranosidase.

Degrees of polymerization.

3, 4, 6-tetra-O-methy-D-glucoside,

3, 4, 6-tetra-O-methyl-D-fructoside,

Methyl-3, 4, 6-tri-O-methyl-D-fructoside,

3, 4-tri-O-methyl-D-glucoside.

Glucose and fructose were detected in the hydrolyzates obtained by acid or yeast j-
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Table 11.

Paper- and Thin-layer-chromatographic Analyses of Partial Acid-

hydrolyzates from Enzymatically Synthesized Saccharides

Rs-value® Hydrolyzate of
Oligosaccharide
PC TLC 4B 4C 5A9 5Bd 5(Cd 5D4
Fructose 1.38 112 + + + + + +
Glucose 1.27 117 + + -+ + + +
Sucrose 1.00 1.00 + + + + + +
NeokestoseP 0.73 0.78 + + — + + +
1-Kestose® 072 071 - 4+ o+ - o+ 4+
6-8-Fructofuranosyl glucosec 0.86 0.87 + + — + + +
6 (1-8-Fructofuranosyl): glucose® 0.63 0.63 + — - + — +
6 (1-3-Fructofuranosyl)s glucose® 0.47 0.49 — — = + — —

a Relative Re-values (Rr of sucrose=1) of the reference sugars.

PC: solvent III, quadruple development.

TLC: solvent IV, triple development.
b Isolated from asparagus roots.

¢ Prepared from partial acid-hydrolyzate of 6¢ (1-3-fructofuranosyl)s sucrose.
d A spot (or spots) was also detected at Rg 0.52~0.54 (PC).

Table 12. Carbon-Celite Column Chromatography of Oligosaccharides
4B and 4C
Elution volume (m#)
Oligosaccharide
10% Ethanolz 13% Ethanol®

Nystoseb 390~510 —
4B 575~810 —
66 (1-3-Fructofuranosyl), sucrose® 570~780 —
4C — 150~300

— 150~ 300

1F, 66.Di-g-fructofuranosyl sucrose?

a  The oligosaccharides 4B and 4 C {2 mg each) were chromatographed on a carbon-Celite
column {(1:1; 1.5%X54 cm) by successive elution with water (500 mé), 10% ethanol (840 m#)

and 15% ethanol (500 m4).

b Reference sugars were isolated from asparagus roots.

BE L h £ d 66 (1-B-fructofuranosyl), sucrose ¥ X
% 1F, 66-di-B-fructofuranosyl sucrose THBHZ &%
RYELTDT, 4BE I 4CHEEERR—1T 1 b
FGhywe= 57 — R E OB s -
VR ILE UlokE B (Table 12) fidvc 4 B B 43 66 (1-5-
fructofuranosyl), sucrose, 4 C §52% 1F, 66-di-8-fructo-
furanosyl sucrose TH 5 = L X EMFER L,

—7F, SXBELED 2 & ) — A5 D GC S X
» l-kestose & neokestose & DFHEKROESH TH
BT ENHES NI, Mlieb A&/ -y
1-kestose 7 b5 E XN 5=2D methyl hexoside @

fl &= neokestose 1= ¥ 3 % methyl-2, 3, 4-tri-O-
methylglucoside AR Ehicmb ThB (Table 10),
ZZTCS5XERTHR—ITA VI 20<1r75
T4 =TT E Z AUODESA BB, 5C KX O5D
ROBET 22 ENTE, Thd OO MME &g
DErhEHET 52 L X b 5 A B 17 (1-8-fructo-
furanosyl)s sucrose, 5 B 3 6¢ (1-3-fructofuranosyl)s-
sucrose, 5 C §3. 1F (1-B-fructofuranosyl)y-69-3-fruc-
tofuranosyl sucrose THBHZ & HHER T & 1= (Fig.
1), ¥Fiz, ZDZ &L, 5A, 5B B LIUSCEDOHIEE
RS BRC & bR S h B % PC 35 X U8 TLC G~
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Fig. 11. Carbon-Celite Column Chromatogram of Pentasaccharide Powder 5X.

The pentasaccharide powder, 5 X (10 mg), was chromatographed on a carbon-Celite
column (1:1; 1.5X54 cm) by successive elution with water (500 m¥é), 10% (1380 m4)
and 13% ethanol (900 m4).

A, B and C designat;: the ranges of elution positions of the reference sugars, :
(A) 1F¥ (1-8-fructofuranosyl)y sucrose, (B) 66 (1-3-fructofuranosyl); sucrose and (C)
1F (1-8-fructofuranosyl)y-66-5-fructofuranosyl sucrose.

BT ER L5 THFTHF I (Table 11),

L2 L, S5DEORERED B, & KB
PPEL LD T, SXBEVERR—LFA b I T LY
e 757 4 — (BT 4,52x80cm) i), 104 =
&y — (254) THME, 13% =& ) — N4 4~52 43
ST A EES AR, WIEIRME UCaREEeR L,
PCEBIVTLCHH—ThHar5DE»HAKEL
T30mgHBI ENTER,

D 5D BE 20 mg, EIMIKSBEL, Ko
D—#E PCH I TLCHH Lick 25 (Table 11),
ANDOWE L —DORFEINERES (PC, Rs0.53) ikl
INADT, WREYDEIRC OVT PC &FTV, Y
B/ (Rs053) Rkt L, WARML YT » 7
W (1940 me) Wz, DY T o TR R
CTANATAIRR T T 4~ IO LicLE D
% (Fig. 12), Z OVUBEE ST #8—75$ O Tidin < 66(1-
B-fructofuranosyl)y sucrose & 1F, 66-dj-B-fructo-
furanosyl sucrose 236705 Z b o, /o T,
5D $#ir 1F-g-fructofuranosyl-6¢ (1-3-fructofurano-
syl); sucrose TH%B = ENFEH IR,

AERTREIRIL 7T 2 boF Y IO s a= b
7574 ~-MEEEY ¥ EDTERLLLLDM Fig 13
Thb,

/cher

u‘.ﬁ-—— 10% Ethanol .___.H}—a 13% Ethanol ——v—m

LA 4B 4C

0\_;4,“— 1 L L gl /.\ '

60 80 100 120 140]
0

~N
=}
T

Saccharide
g as hexose/ml)
=]

T

N

20 40 60
Fraction No. (6-ml fractions were collected )

Carbon-Celite Column Chromatogram of
Tetrasaccharides Obtained by Partial
Hydrolysis of Pentasaccharide 5D.

A sirupy tetrasaccharide fraction (4.1 mg), paper-
chromatographically separated from the partial
hydrolyzate of 5D, was chromatographed on a
carbon-Celite column (1:1; 1.5X54 c¢cm) by succes-
sive elution with water (500 m#), 10% (840 m¥4) and
13% ethanol (600 m4).

4 A, 4B and 4C show the ranges of eluting posi-
tions of the reference sugars: (4 A) nystose, (4 B)
66 (1-8-fructofuranosyl), sucrose and (4C) 1F, 6¢-di-

B-fructofuranosyl sucrose.
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Carbon-Celite column chromatography

Elution with Elution with
5 10% ethanot 13% ethanol
1o -
>
I
s
5 0.8 3A 3B
L2 -
T3
Eg 06F
[ 4A 4B 4c
S w - —_
= T 04 ! 5A 58 5D §C
g P oY 2
4
02
0.0 — . = "
0 30 100 150 ‘200 0 50 100

Fraction No, {6~ mlfractions were collected )

Fig. 13. Chromatographic Behaviour of Fructo-
oligosaccharides Produced from Sucrose
by Asparagus Fructosyltransferases.

Paper chromatography was carried out in the use
of Toyo No. 50 filter paper and solvent (I).
Rg-values: relative Re-values (Ry of sucrose=1).
For column chromatography, sucrose (S) and the
oligosaccharides (3A, 3B, 4A, 4B, 4C, 5A, 5B,
5C and 5D) (2 to 3mg, each) were applied to a
carbon-Celite column (1:1; 1.5X54 cm).

(8) Ya—20-ZAhDOEARKOESHER(

1) F 13 .

¥, Ya—s e —AnbOA I TEOBRIGERD
BREA % TLC ) X b ERAICR~ e, ZO#E, Fig.
MR THs Lo, 1EBOKIE T 1-kestose i@
Y35 ARy bAKRH I, 3EB I neokestose

L nystose KHHYT A= OD ARy FAHRIL U,
ABMCTRERSL R VTEKOEIRE I h B X
5%, Xbiz 48FFfE] Tit l-kestose, neokestose
3 LU nystose DEDDAA » MIKEEN 2 IER—
Elb b si,

2) E 2

735 7 b oA ) THEOARS BRI & UC-
Ya—ra—A¥HNT, BERHCHN,

1.6 M [U-14C] v = — 7 = — AR (1.25 «Ci, 0.25 m4),
Mcllvaine $2&W, pH 5.5, (025 mé) ¥ X OFERER
(“BfEefRiEg”, 05 ml) HoH B REEYVED A
= VDFEETFTTE 21, 3, 5, 10, 24 3 XL OV 48 5[4 ~
FaN-vg v, PBEKR 3 SEMENC X v Rk Ik
Dicth, RIS EZIBRL, TWEIERSEIEE Lin ik
BETKEE L, WL E &, HHET 30°~35°C
THERWE L, BEYK Il CBEHL, £+ ) 7THED
B (75 27v—-R, Fra—-—2BI0R . —7na—
A (&2 1mg); 7 A5 AR HEE LT 1-kestose
neokestose, nystose X 4b, 4¢, 5a, 5b,5¢c Bk
C5dEE (%4« 1mg) Nz, ZOBEKD 50pL %

000000
N QO oo 0 QO
kOO 00O OO
oo 0 OO0

0o 0

o O
A|S1‘.'li‘;110271:8

Reaction time (hr)

Fig. 14. Thin-layer Chromatogram of Reaction
Products from Sucrose by Asparagus
Fructosyltransferases.

Enzymatic reaction: A mixture of enzyme (“con-
centrated wholly saturated fraction”){0.25 m#), 0.8 M
sucrose in Mcllvaine buffer, pH 55, (0.25 m¥é) and
toluene (a minimum amount) was incubated at 30°C.
Thin-layer chromatography: triple development
with solvent (IV) on a Kieselgel G (Typ 60) layer.
Sprayed with anisidine phosphate soluation.
Standard sugars (AS): S, sucrose; N, neokestose;
and K, l-kestose; Ny, nystose.

BEEEHK No. 50 w3 v Fikicia b (D) T 5 BRB
L, BEL-8, =, =, M ARIUAENEOEKR
xS — 2= bhAKRH L, BERRE L, &~ ORE
BERERKLS mb i L, O 1mé %4
AT L, A0+ ) THEOERBLHET LT
3, e PCINE R $#E Ui,

=, UEIVHEHEIRFROT7 AV = — 05 - &5
Wi, SRFREO RIS D 200 w8 8 b, Rk LR L
TETPCIc X =, WEIOHZHH - L, %
WTHHBBO R 22V TiEER— S P hF AT 2
NI T4 =BT TCT AV~ DHEEERIT, B
L7 A V= — 0w TRHBE R I Ui,
FEROFBEREYFERE D L OFC>WT R % 1 (Fig.
15), ZHHL Y 2 — 7 B — ADHEBCCE - TRD TAEI
ARIN DO L, MU, 7B X UNEIIIER g
LR IRV EDbhrot, Fleihbonsg
WERBC 7 a—-AE 757 P —ADOHEHELBES 2
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Fig. 15. Time Course of Fructo-oligosaccharide

Formation from Sucrose by Asparagus
Fructosyltransferases.

A---A Sucrose; @---® glucose and fructose; O—
O trisaccharides; &—aA tetrasaccharides; X —Xx
pentasaccharides; [J—[] higher saccharides.

EREBL RN, 7T 7 b — ADFENI LN B
CEET D MADFEREOMERAC L0 Llbh s,
ficie oV YBRA N> D o 7 AT X D AN 5 iR B
FHREALRVCAEREY AV 77 b -2
DFHEDFRD L heh o e b TH 5,

WL, B JOFABET A V< =D 22 TR,
DAL R T & & 5 (Fig. 16), =Tt 1-kestose
73 neokestose X © % 10 B [ ¥ Crifisd C &8
L, TOBERMTHZ Lo ot LvL, ER IV
LHERFND T A 7 = — I IGHA B LR T 525, Th
LOBIINTHB Z Ehbh T,

B 2D7 4 v =—0OhEY 10 BERIGK T i1
BHERD XS THAH (Fig. 16): (A) 1-kestose i} neo-
kestose X D 5%\ ; (B) nystose & 4C $# (1F, 66-
di-p-fructofuranosyl sucrose) (1 4 B & (66(1-8-fruc-
tofuranosyl)s sucrose X b 3 %\~; (C): 5A ¥ (1F(1-
S-fructofuranosyl); sucrose] & 5C $ [1F (1-5-fruc-
tofuranosyl),-6¢-8-fructofuranosylsucrose] i3 5B
(66 (1-8-fructofuranosyl); sucrose] & 5D ¥ (1F-3-
fructofuranosyl-6¢ (1-8-fructofuranosyl), sucrose X
DHHEPESE G, Lo L ABKERIEH Clioh b OB
B2 THEA—FBOLV~L (ZEERFIEE, 206 2 moles
hexose/IG & mé; VafE, 9.2; B XOT7ME 21)
ETHZ EbhoTe,

DEOHMBE FEDBE, 7R3 HAD fructosyl-
transferases X B ¥ 2 —Z v —AnbLOA Y THEOE
Wi, &P l-kestose (1F-3-fructofuranosyl-

(A)

60

40F

201

# 4

Oligosaccharide isomers formed ( p moles hexose/ml| reaction mixture )

1 i // ‘——L_J
50

0 5 10 15 20 25
Reaction time (hr)

Fig. 16. Time Course of Formation of Fructo-
oligosaccharide Isomers from Sucrose
by Asparagus Fructosyltransferases.

(A): Saccharides 3 A (1-kestose) (O) and 3B (neo-

kestose) (@)

(B): Saccharides 4 A (nystose) (O), 4B (A) and

4C (@)

(C): Saccharides 5A (0), 5B (2), 5C (@) and

5D (a).

sucrose) 23 U, &KWTZ uds b 1F(1-3-fructofura-~
nosyl)n sucrose [nystose (n=2) & 5A §¥ (n=3)),
66 (1-8-fructofuranosyl)n sucrose [neokestose (7=

1), 4B (1=2) 3 XX 5B B (n=3)) % L0 1F (1--
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fructofuranosyl)m-69 (1-8-fructofuranosylln sucrose
(4CHE (m=1, n=1), 5CH (m=2, n=1) BLO'5D
B (m=1, n=2]} RERINDC LE1FFEDLRI,
(4) 1-Kestose h S DOMBEE K

7 As3F # A fructosyltransferases iz X % 1-kestose
DB OPIED AR T pH IR ICE A ZE X 00
Nz

Mecllvaine ##¥%%, pH 5.5, & 0.2M [U-14C] l-kes-
tose (0.068 £Ci) Wi (25 16) +EEHWE (B EH] “03~
0.5 £FEIS ) (25 1) DS B REE VED b L= v D
HIETF T~ ® pH (pH 4.0, 56 3 X 18 7.0) T 30°C,
I0MERIA vF 2= g v T, KIG% BEKTS 35
HmE Tk, RIS+ ) 7THERE&Y (757 -
A, FAA—ABIPVa—sa—A, £2100pg; 7
ARGHADT F 7 bA Y a9 (bR DEBR),
£ 4100 pg; 7 12mg) &Mz, “hi PCrridi,
SYEEUFoPURES v MR L, KRR A TR —
SAAFLIRT N ITT 4 — LT, WHHEIL6mE
TR L, FBRHRCIRAREER, K 1mlcHEL,
B A HIE L,

BohikER (Fig. 17) pOROZ Edibh -1, M

Water

4
..H;_._ 10% Ethanol —————>H§—— 13% Ethanol ——

L “A B 4C

2000

1500
1000
500¢ ‘
o'ch [ 80 100 120 14
¢ 20 40 60

Fraction No. (6-ml fraction)

cpm per 6~mlfraction

Fig. 17. Effects of pH's on Production of Tetra-
saccharides from 1-Kestose by Asparagus
Fructosyltransferases.

A mixture of enzyme (8-fold diluted “0.3~0.5 satu-
rated fraction”) and [U-14C] 1-kestose was incubated
for 10 hr at pH 4.0 (@), 5.6 (O), or 7.0 ().

The tetrasaccharide fraction paper-chromatogra-
phically separated from the reaction mixture was
chromatographed together with carrier sugars
(saccharides 4 A, 4B and 4C) on a carbon-Celite
column.

BAA KXVOAC KT AP LS TO pH TAR L
2, B4 A 4CIHRIGPH TEicRiso TR Y, pH
407109: 1,56 43:1,70T16: 1 THo7, =
DT ELAA LACHEHDERKIGLXThEh RS
B pH 2L, MEoERN Th Fh R bEERE
ACX o THEIh w2 R LTw5, Hb
4 A BN IEEEEM 1F-FT &4 M 7B B0t
kL b l-kestose HFicsit 7 3 7 + —A C-1 (OH)
fAD7 57 b UAERR L -T, ¥4CEIRTL
6C-FT L 43 Fwr I b l-kestose WkiTn 7
2—AD C-6 (OH) fi~D7 T 7 + YAEBIT Y »TEH
BRENR5Z ERHERIS R,

(3) Nystose MEDEBEER

Nystose 2B OFMEDO LK D, 0.2 M [U-14C] nystose
(0.1 xCi) ¥ (25 18) & Mcllvaine #EE®, pH 5.6,
FEERIK (BEFRIR “0.3~0.5 fIFIEL", 25 pf) »67x
HIRIED 30°C, 10EEHEIA v a—va v, KWTHE
BT 00RBE7 AV ~—~, SARELS5CH, OEHE
R—EFArH5 87027574 —WCk - TH
N2,

DR, Fig. 18 iRk X 51T, nystose B
DFHE, 5A E5C, BNEH24: 1 CTERT S LA
Hbhhtc, £5 LT5AIIF-FT offic X v nys-
tose D7 5 7 F—AFC-1{OH)fE~D7 5 7 + o 01Uz
Bilb, $5CHEL66-FTEHICX Y nystose @
Zna—A C-6 (OH)f~AD7 T 7 b v AEBIZ LY
BRENRS LD EHEHEhA,

3. % %

TDTT I b ) TRED in vitro HRERTT X2
7 7 ARMHR O “BicLffiEss” BRK, e
FIR, BRI EaMEL T in vitro SR 0%
W WERET CERET S BRAD - b TH B, &
O “LEFFES” b5 O 2 DM EESICOWT L 5
VAT =T~ YIERTEELTAS L, Zhigik SST,
60-FT ¥ L (8 1P-FT OEMIEEL, &4 DiEHIT7
hFhEL BREACHET A R ETHEI R,
wie, COFEBERTHE  AEshikya—7n-—
AMBDERA Y THILTT 255 FARPRRRIC
HETDH D0 LE—ThHo7eh, 205 % 3D
1F (1-B-fructofuranosyl)m-6% (1-S-fructofuranosyl),-
sucrose 2ANA Y =88 (m=0, n=3; m=1, n=1%1
Cm=1, n=2) 2 &EFD THHRARC L > THL R
YD TH T, Elf R 22T L-kestose 35 X0/ H
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Fig. 18. Carbon-Celite Column Chromatogram of Pentasaccharides Produced

from Nystose by Asparagus Fructosyltransferases.
A mixture of enzyme (8-fold diluted “0.3~0.5 saturated fraction”) and [U-14C]
nystose was incubated for 10 hr at pH 5.6 and 30°C. The pentasaccharide frac-
tion paper-chromatographically separated from the reaction mixture was chro-
matographed together with carrier sugars (saccharides 5 A, 5B, 5C and 5D) on

a carbon-Celite column.

AL neokestose WBEIETBEETH D, 4 F e 6-
kestose BEXBLWIRIBOhich o, O LXK
ReRAH shicoBA LR L ThT

By = — 27 r—2A, lkestose H5\ L nystose
b O ) THEGROBRELZ BN LR 2 h
B DERICII=D2D 2 4 7D fructosyltransferases 7%
BELTWB b Luz Edibhotk, H1OBER
EDELMAN & JEFFORDY® D 7 1 & SST w1l 3
BHHEDT, EEAELTY 2 —27 v =205 D 1-kestose
ZEKT Do B2 OMRAIRMFR CHD 1w, Zhi
FERNC 6%-fructosyltransferase (66-FT) & #f4i7ic
HDT, Z ik l-kestose 7> B @ 1F, 66-di-S-fructo-
furanosyl sucrose D&, 3 X l-kestose AT T
D a—7 v —ANBD neokestose DTS LT
WAL LV, FEIOERILF 7 420 FETY offHic
BLUTABCTIER EIF-FT L& T b DT
T 7 BRI L B4 Y TEOHO MR TS &
Ezbh3bDTH5,

4 E #

T AT A AR S PR TR X b PR L — 8
i%ﬁﬂllé‘yn—ﬁn~zﬁ)5@7§9 bty j»%
D in vitro {RE TSN, OGRS BB LT 95E
OB A 1F (1-B-fructofuranosyl)n sucrose {n=1 (1-

kestose), 2 (nystose), ¥ X0*3], 6¢(1-3-fructofura-

nosyln sucrose [(n=1 (neckestose), 2, FX3) B X
OLF (1-8-fructofuranosyl)m-6¢ (1-8-fructofuranosyl)n-
sucrose [m=1, n=1; m=2, n=1; BIWm=1, =n
=2) THBZ EXMHR L, ThbRaTOE7 AR
7 HARPCHTET B b D EF—Th - 73, 1F, 66-di-
B-fructofuranosyl sucrose, 6¢ (1-8-fructofuranosyl)s-
sucrose ¥ X O 1F-g-fructofuranosyl-6¢ (1-5-fructo-
furanosyl), sucrose @ 3FEDLIIESENDCEHEES K
LXoTHbLhidDThs,

e, COBFEERCRIEO N VAT =T -1,
sucrose: sucrose l-fructosyltransferase (SST) ¥ &
VEEIVEERIT 60-fructosyltransferase (64-FT) ¥
Y O 1F-fructosyltransferase (1F-FT) & 413 7053,
DIFHELTEND LRI, B Y 2 — 7 v —A, l-kestose
BB\ nystose KFWB7 T 2 b oA ) IO SR
Bm b Z b DBEENRA Y D in vive &R 5
LT3 EXRRBE I,

FE4E F7ANSHABD Sucrose: sucrose
1-fructosytransferase OFHEMHEEH

MEBECTAAASHARD 7 57 oot ) oHED 4 H K
it < &L 3D fructosyltransferases, Hl% SST,
60-FT, $ L0% IF-FT, 2885 LT 5 & &k~
T TIhLOEBHEREOA ) TR KT 2% E%
ST B i ing « DFER AR L, LoErH~
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HUNERD D,
OB E TR SST Off il & F 0 BB+
HEERT oD TENRDWTRRL Z &8T5,

L #EREAE

R T RS 7 A ORI 1974 47 10 B AL R AL 28
O REREES CIEE LB L b DR T,

[U-UC] v a— 2 m—2R & [U-¥] 7 v 21— AL the
Radio Chemical Centre, Amersham 7s5#A L,
[U-14C] 1-Kestose, [U-1C] neokestose s X U% [U-14C]
nystose {17 A7 HABEFRLXRWT [U-1C] v 2 —7
7 - A5 B BRI R L A1),

EEH# D 1-kestose, neokestose, 6¢ (1-3-fructofura-
nosyln sucrose (n=2 1 L 7*3) ¥ X8 1F (1-B-fructo-
furanosyl)m-6% (1-8-fructofuranosyl)n sucrose (m=1,
n=1;m=1,n=2; BXV m=2, n=1){317 AT HA
AR A 5 1 72103~105) - 1F (1.8-Fructofuranosyl)n sucrose
(n=2, 3, 4 BYXUV5ik+ 74 =¥EMNnH EDELMAN &
DICKERSON DY & i et Ui X b 3
BT,

BEFVEME O %2 . Mcllvaine #2% %, pH 5.0,
08M v o —2smr—2 (05mé) LEEFE (05mb) &b
e BRI & 30°C T LEEHA v&F 2 X—va v LI,
SOMOGYI-NELSON 3 (1 mé) DRI X h Ritx 1k
b, KT ORGP RS IR % E L
o, FERWIC invertase FRMEAEAE Lisv R, RS
Ric7 77+ — ABETNNEE» SEHEE . Ln
L, invertase JHHAFET AR, BB 777 b —
2By, 7 z—AE (Glucostat ) % 2 5 Ui-fEir
LRETHERE T U CGHE LR,

BESRIGIE D 1B (U) 11 04M ¥ o — 7 v — AR
T30°C, LSl g BEADT IV b —Akva—s 0
—ARERTE pEREE LUER L,

BEEAOOEE: BIMEIRERCUCELE,
12 aldolase ® Fi%n=9.38 %354 & LT 280 nm
ORI HElETHZ EiC L DER LI,

R R B L OHEE a5 74— (PCBID
TLC): i & RO T » 70

F 4 AV BEK kE): ORNSTEIN-DAVIS D536
ey, 75% polyacrylamide # /4 (pH 8.0) % f\s,
%, 2mAftube TR KEI 2 T o, HAAV

PR, Btk ok 7% BB 1% Amido
Schwarz 10 B Iz 20, R\ T 7% Bl CHiE LT
Tt

Sucrose-Sepharose 6 B D3 : Epoxy- &Mk
Sepharose 6 B #/Kicid® 2g/12mé) L, “hi /5
AT 4 MR — L THEERCK (200mé) & 01 M RERKE
B (pH 94, 50 mé) THEE Lz, & OMEEAL > -
— 7 B — AR (¥ o — 7 = — A 150 mg/0.1 M [RFEHEE
W, pH 94, 6 mé) 1wk, 40°C T2 RelRE L1, #
Y TFTAT 4 MR- TK BOmE) CTH -0,
IM=& /-7 3 VICBE L, SiRC4BRKE L.
BB AT LK, 01 M IEEEER 0.5 MIE L
>} U A (pH 80), 0.1 M EHREE T 0.5 M #{tF
kU4 (pH4.0) £ 10K (% % 50 mé) THEEHICEE
i# LT sucrose-coupled Sepharose 6 B #1872,

DTEOWE: BEOHTHIL Sephadex G-200 &
AR (BFE) X e Ui, BHEAE L LTk
Boehringer Mannheim GmbH 75 A L 7z cyto-
chrome ¢ (4 F & 12,400),
(25,000), hen-egg albumin (45,000), bovine serum al-
bumin (67,000) 35 X 0% aldolase (147,000) % fiv,, T
025M (b P Y v AREL01M ¥ VEEHE K (pH
6.5) TEM X BT\ 7 Sephadex G-200 » 5 4 (2.64
x 100 cm) | CR—ZEE A A\ CHE 8 mb/hr D # L
PR 0 S o

chymotrypsinogen A

2 =

1) BExoHSH

L COBREMEI L 5~8C T v, #EO0
10,000x g C 15 3T -t BER X BT 5 B
Amicon FRA-EEZE (Diaflo PM-10 filter) % {#/H L7z,

) BMESH

FoKE LI Plo e 7 A5 7 AR (200 g 39 ;

B 12kg) % 0.05M Y VEEEEHER, pH7.0 14 he
REUCFS AL, TORESR - PEHTEL, E
SEERFT, LB EHE TR E LTAER—K
ME L, COBREERLOHSEES BoRiE R
12kg 235 D) % 0.05M U VEREEW, pH 70, ki
L5 HE001M Y VEEEH, pH 7.0, & LTHENTL
to BRHREEZEODEEL, B EHE (“FiZ, 00
~1.0 R @y, 44,

Z OB Bk & FEEO L TR b I B CAE
L 0.3~0.8 fufl CA 7 5 B & 57 [“Bi%, 0.3~0.8 fiy
T Eisy, 1.264),

Invertase {EMED I\ HEREH G5 lcdie, ko
BT ) VEEA ALY LA RBREB L (Fr45g Ok
DERER2YEA ), Zhi 30 rkERELSEEL,
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REBERET (U YIRS L VT A A7 iy, 132 4),
2) DEAE-ELMR—RBSLIATETST7 14—

Z DEBRTIERCETS IR Y U UEREER, pH 7.0,
BRI, “V VEEA AT A H AT ST 150 mé i
Pefn L, 0.005M SEEWE I UT 12 RENT Lic, BHT
M & T 0.005 M R CF#{L 2 ¢ /2 DEAE-2
r—A+HF A (5x17 cm) 2L, 0.005M, 0.025M %
TUT0.07 MAMEW (%% 2, 1 BI04 CHifsmE L,
15 mé o4 B LTc, 007 MK THIET 5 ES %R
W, 60 mé ITiEfEL, 0.005M ZEW C—% BN L
[(“DEAE-tir—x, 1st” @4y, 60 mé],

FH AW, BEDEAE-vL e —A-% 5 4 (32X
30 cm) W@ L, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07 %5
L0 0.08 M W (FHTh 750 mé) THEHE T,
15 mé 20 R Uiz, BEskiEM: 0.05,0.06 s X U°0.07 M
B X A EBREFEL T, AIbRTOENK
i3 66-FT19), #2 o Mz IF-FTI% & L O
SSTW8), BHED L DIIL SST L LTV, 52T
0.06 M 3 X UF0.07 MBEHIK & & &, 20 ml ML,
T 0.006 M BEREIBENKR, pH 45, T—REM L
(“DEAE-t/L = —2, 2nd” @4, 20 mé,

3 CM-EAA—-R-B3LIATPIST7 14—

“DEAE-x A u—2A, 2nd” @5 % 0.005 M BEGILH
¥, pH 45, THEHLI gl CM-twlr—RAhF A
2x14 cm) ©@HbF, 0.005M ¥ X T8 0.05 M ik 42 1
(300 35 L 0F 258 mé), K\ TCO1M BERRIEE WP 01 M
BIO03MEELTF U 7 A (270 mé & 300 mé) ClEK
BHL, 6mlTOo¥SB L (Fig. 19), B¥£12.0.06 M
BRI TR X R 7 © €, Fr. No. 69~84 # &%
025 M (k7 1V 7 2% &1 001 M ) VERBEW, pH
6.5, T—RHENT L1z (“CM-tLm — 27 B4y, 96 mé),

4) Sephadex G-200-3 KIF sucrose-coupled

Sepharose 6 B WS LIAT RIS T 41—

“CM-tir—AR” BifrZ3mbiciBfEL, Th
025M a4+ b VY A& H 0.01M v VEEREE W, pH
6.5, TFHFH X & 7= Sephadex G-200 5 4 (2.64x
100 cm) A E—#EER CIHEE L, 6 méF 2% L
7o (Fig. 20), BESEIEMEDOFET 5 M5 No. 50~57 &4+
THRfEL, 0.0l MEEEEER, pH 56, T—HEN LT
FPE 187 (“Sephadex G-200” H4y, 42 mé),

Z OE4 % 0.01 M MEESER W, pH 5.6, TFBERL
& 4 72 sucrose-coupled Sepharose 6B« 7 5 4 (1%
25cm) C A —BE W THEEB L, SST D
fructosyltransferases (377 5 s DB AR H I i
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Fig. 19. CM-cellulose Column Chromatography
of Asparagus Sucrose: sucrose l-fructo-
syltransferase (SST).

Elution was carried out stepwise with the follow-

ing buffers: pH 4.5; (A) 0.005M acetate, (B) 0.05 M

acetate, (C) 0.1 M acetate containing 0.1 M NaCl, (D)

0.1 M acetate containing 0.3M NaCl. Six-m¢ frac-

tions were collected.
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Fig. 20. Sephadex G-200 Column Chromatogra-
phy of Asparagus SST.

Elution was conducted with 0.01 M phosphate buffer
(pH 6.5) containing 0.25M NaCl. Six-m# fractions
were collected.

DT, HHREEDCERML, 0005M U VEMEE,
pH 65, T—#FEH Lic, Z OFENTPINE Y B EaEE
& L1z (“Sepharose 6 B” 4y, 10 m4),

SST DRELAERILE T Table I3 R LThD
2, CORSIT X b HiE: (U/ZRE mg) 178 © SST 43
LTEHECIE 5.6% (“Bik, 0.3~0.8 fgf’” Wk L
T) THELR,
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Table 13. Purification Process of Asparagus SST
Step a;ll?\tz?tly p’fgtt:iln Volume Specific activity
(U) (mg) (m¥) (U/mg protein)
(NH,),SOq4, 0.0~1.0 satn. — 53602 4000 —
(NH,4)%S0y, 0.3~0.8 satn. 5560 25530 1260 0.22
Calcium phosphate gel 4300 19400 1320 0.22
DEAE-cellulose, 1st. 2516 468 60 5.38
DEAE-cellulose, 2nd. 1079 54,10 20 19.9
CM-cellulose 454 4.70 96 96.6
Sephadex G-200 351 2.48 42 1415
Sepharose 6 B 314 1.76 10 1784
(2 BRo—MmHHEE
1) Polyacrylamide 4°JL-5 1+ X ¥ BEK%E) sol

R O— (A & LTH 50 1g) % polyacryl-
amide 7'/, pH 80, TEXIkE) L, Fig. 21 D)
RiwrgT o, COBRIE—YI®RL, 20S
v P SST v E1 %,

+

Fig. 21. Disc Electrophoresis of Asparagus SST
on Polyacrylamide Gel.

Purified SST [concentrated “Sepharose 6 B” frac-
tion (50 #g as protein)] was run on 7.5% polyacryl-
amide gel, pH 80, under the conditions of 2 mA/
tube, room temperature and 3hr. The gel was
stained with 1% Amido Schwarz 10 B in 7% acetic
acid.

2) &5 F &
Z DBEERDHTFEL Sephadex G-200 # AJEEEC
X 5 C# 65,000 LHEE R M (Fig. 22),

3) E & pH ]
FEFEM I RIE3 pH %R Fig. 23 @@ LTh %,
Ya—/n—AREER L LLBOEE pH 13850 ©h

of\:o

4) pH-EEM

i« o pH OEERBI 2 30 538, 30°C %5\ 3. 45°C
E7VvA v oS-, 0°Cicé#h, pH 5.0 pH 5§
LT SST I\MEREE L, X0MBES Fig. 24 ©Fi
LTHh%,

20

) 1 L L 1 1 I 1
4.0 4.2 4.4 4.6 4.8 5.0 5.2

log Mw

Fig. 22. Estimation of Molecular Weight of As-
paragus SST by Sephadex G-200 Gel
Filtration.

Details of the experiments are described in the
text.

Standard proteins: (A) cytochrome ¢ (mol. wt.
12,400), (B) chymotrypsinogen A (25,000), (C) hen-
egg albumin (45,000), (E) bovine serum albumin
(67,000), (F) aldolase (147,000).

Sample protein: (D) asparagus SST.

WCDFVA vFax—v g VTR, BpH T
BDDWEHDH 959 BB Uiz, 46°C DBEIiL, pH
5.0~6.5 CIEM:DH 50% KB LS, pH>8.0 3 Lo
pH<4.0 T2 10% LIF DIFHARE Sha il ¥ e
> 72,

5 BEREM

FEIEER % 18 2« DI (30°, 37°, 45°, 50° 35 J2 1% 60°C)
TSRS Licts, BEFFEREELIE L, Fig
25 iR X S, 30° 37° 3 L0V 45°C i CIE b D
TEHED 94 LU EA R 57z, La L 50°C % B\ ik iull
LT, BEEESMCERS L, 60°C COBEIE I
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Fig. 23. Effects of pH’s on Activity of
Asparagus SST.
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Fig. 24. Effects of pH’s on Stability of Asparagus
SST.

After the pre-incubation at 30°C (0—0) or 45°C
(@ —®@) for 30 min under various pH’s, the enzyme
solutions were cooled to 0°C, adjusted to pH 5.0,
and then assayed for SST activity.

18% THh -1,
6) BEHEHOHNR
flx DRED C OBRe RIETHE LY ROTEC Y -

100 ¢

75

50

25

Relative enzyme activity (%)

ol 1 1 i . ! 1
15 20 30 40 50 60

Temperature (°C)

Fig. 25. Effects of Temperatures on
Asparagus SST.

Table 14. Effects of Inhibitors on Asparagus
SST

Details of the experiments are given in the

text.

Inhibitor Concentration Relative activity
Control — 100.0
HgCl, 1.0Xx10-4M 19.4
p-CMB 12x10-*™M 782
MnSO, 1.0x10-3M 250
AgNO; 1.0x10-3 M 28.8
Co (NOg3), 1.0x10-3M 87.5
LiSO, 1.0x10-3 M 88.1
CaCl, 1.0x10—3M 975
CuSO, 1.0X10-3 M 975
ZnS0O, 1.0x10-3 M 100.6
MgCl, 1.0X10—3M 100.6
BaCl, 1.0x10-3M 102.5
AlCl; 1.0x10-3 M 106.9

TH~I, BEFE (05U, 025 mé) & Mcllvaine JRE T,
pH50, H#108M v a— 27 r—2 (05md) bk HRK
KB B LRIEBIK (0.256 md) OFLET € 30°C 1 KA
A vF o~} L, BEERZEE L,

Table 14 wiRT X 51, HR (1x10-4™m), Fgg~ v
77 (1x10-3 M), FBesH (1 x10-3 M) %5 X U8 p-chloro-
mercuribenzoate (12X10-41M) (L ZOBEE £ 41
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Fig. 26.

Time-course of Enzymatic Reaction with Sucrose by Asparagus SST.

After mixtures composed of enzyme (1.1 U, 0.5 m#) and 0.8 M sucrose in Mcllvaine
buffer, pH 5.0, (0.5 m#) were incubated at 30°C for different periods, reducing

sugars and glucose were measured.

A—a, Reducing sugars measured by the method of SOMOGYI-NELSON; @—@,

glucose measured by Glucostat method.

81,75, T1 K X V2% BHEL, Wifg= 1 b LHiBEY &
7 A TRENDOESYF T, L LoD 6 oRE R
BRERNR A IR & T o 1,

T BERBOEREL
COBRO Y a7 v - AT ARG O RRE
R S —AOEBEEAMETSI LI DR
iz,

Fig. 26 wiRT X ow, BIOEE 7o — 23 RG48
R & CRIGHR E &b wERNCEfE ST, Tl
X NICBTERE T IV —ATHDE &, EHIL7
50— AR IRNE L ZOMMLELATH
Do $EoT, ZORHEERITY 2 — 7 8 — ADIKF
BTy — e —ADDB 5DV s — 2 e
ANDT T 7 P NIRRT AR TH D LA
bk oto,

8) BERKICRETEEEEODR

750 Y ONEBCRIFET Y 2 — 7 v —ABREORTR
TERL, Bbhic7—-4%% LINEWEAVER-BURK 7
By b LTCHE~NF - n Kmi{il LT 01l M B ELR
% (Fig. 27),

() BEOfLEIZEM
1) 7549 pPUAED “ATER”
CZT “HOER” LT ooR—BoMToBEE

L5777 b vAEEBEYERY 5,

kD [U-UC-EEHO—2 (04 M; 20 ) LR (20 120)
ok BREERPED b A= VAEE T T 30°C, 10 B
4 vF =1L, RiG% 01MHEFR 10 nf) OFImc
L DIk, RNTTROF « U 7THEEEMLCE, RS
F DWW TIREM PC %17 » e,

[U-MC]-HHE: >~ 2 — 27 r— 2 (0.065 ¢Ci), 1-kestose
(0.071 #Ci), neokestose (0.050 #Ci) & % \~iL nystose
(0.048 1Ci),

Fe V7 —8B: 7527 =R, SVa—R, Ya—72
r — A B X 1-kestose, & 4 200 pg & 1F (1-B-fructo-
furanosyl)n sucrose n=2 } X103, £ % 100 ug,

PC TSHEREMDK, ¥, =, =, M A X tE
JUBRHECHES TS V' — vefk L, BET &R
HE L., BOhIBREL&AK @mb) TBHL, &
DEWD—IR (0.5 ml) & Aloka k> vFr—va v
ARy b+ rgx—x— (Model 502) % Fv~T M &t fg il
FELlc, BAHEEOR IR BN EErHE L, ¥
AR L7572 b —ADBREAER LES,
P9 5\ I ASEOE B EHE L,

ZDFERIL Table 15 @R L Th D, Ya—2r—2A
FHBE LLBO7S37 b —ADEBE 8102 20/
md) i 1-kestose, neokestose & %\ L nystose DI
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Fig. 27. Effects of Substrate Concentrations on Reaction Rate in SST-catalyzed

Reaction.

After mixtures composed of enzyme {2 U, 0.5 m¥é) and sucrose of different concen-
trations in Mcllvaine buffer, pH 5.0, (0.5 mé) were incubated, reducing sugars

and glucose were measured.

SST activity: o—=2, measured by the SOMOGYI-NELSON method; @ —@®, meas-

ured by Glucostat method.
Table 15. Self-transfer of Fructose Residues by
Asparagus SST
A mixture of one of the 0.4 M[U-1“Cl-substrates
(20 1#€) and enzyme (20 #££) was -incubated at 30°C
for 10 hr. Amounts of the self-transferred fructose
were calculated from radioactivities incorporated
into the saccharides produced. Details were given
in the text ‘

Fructose self-transferred

[U-14C}-Substrate (#moles/mZ reaction mixture)

Sucrose 8.10
1-Kestose . 0.06
Neokestose 0.04
Nystose Nil

BOEBE 0.06~0pg T1/mé) X HIERBKTH -
oo Eleva—2a—-AnboREERYE TLC H#
LT&H 5% & l-kestose, A a—ABINY a—-ra—
ADARy OZHBBE I, BEEIZhL=Z00R
Hy FMCDRFET B Z LD R,

WANT, TOREEFED rafiinose 38 XY melezitose i@
W AER RN, Mcllvaine #£#¥K, pH 5.0, o
ThHOFEE DO—D (0.2M; 20 ub) L FEFE (20 ) p»
bicAEEE 30°C, 1085 v+ <— ML, R4
Bk TLC TR A, WELLIMADOKIGSE

B LBHETETS, #oTohbofT “ATCER”
BEEITVT EndbhoT,

2) YaA—-2ADI7S3H PULER

BEDO7 57 AV aBLLDI Va2 —ANDT7 5
7 U NEBR BT, EH Lot 548 04 M [U-
UClva—2r—A (aviue—nE1T), 04MFHE
# 1-kestose, 0.4 M neokestose, 0.4 M nystose ¥ L8
02 M 1IF (1-8-fructofuranosyl); sucrose TH » 72,
Mcllvaine §2#%, pH 5.0, ot G fkpin—> (10 pd),
[ —iZER o 04 M[U-14C] 72— (10 ¢4, 0.069
¢Ci) B X UEFE (20 1) 725 5 RIS + = vORTE
TFTC30°C, SEFRE D AT 10 A v o X~ L
#, BUS% 01 M FK (10 28) FHImc X v ikdle, Th
LIt ORI E RS & BT, BB L7 2 b
—ADBIIZ 7T bk ) TEL B I —AAD T
S MUNMEBR I VAR LY 2 — 27 0 —AhbEE
L

Table 16 H T IfERIT 2 DR WEF A 1-kestose
MDAz —ANDT T I b AEBAVMIETLE &
RUK, ¥ L3RR Y -7 n—X 25T
Mo “Bodsl” RitexiTa8RInErTss &
BRL W5,

Nystose RF ALl 7357 bk ) T B
EHEELTREALDEZVRIEMERA LRV £ 23
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Table 16. Fructosyl Transfer from Several Fructo-oligosaccharides to
Glucose by Asparagus SST
Details of the experiments are described in the text.
Fructose transferred
(¢moles/m# reaction mixture)
Donor Acceptor Incubation time (hr)
! 5 10
[U-1C] Sucrose® None? 6.72 12,10
Unlabeled 1-kestoseP [U-14C] Glucose 217 418
Unlabeled nystoseP ” 0.08 0.20
Unlabeled 1F (1-8-fructo- ;
furanosyl); sucrose® 7 Nil 0.04
Unlabeled neokestoseP » Nil Nil

a) Control; b) 04M and c) 0.2M solutions were employed.

BT,
3) Neokestose HELXUFDREEADTIS I b
5B

SREEL L THEADT7T 7 M4y I8, b 1
kestose, neokestose, nystose, 66 (1-5-fructofurano-

syl)e sucrose, 1F, 66-di-8-fructofuranosyl sucrose (Il

F04MERE) I X O 1F(1-8-fructofuranosyl); sucrose, -

6G (1-3-fructofuranosyl); sucrose, 1F (1-8-fructofur-
anosyl)y-66-3-fructofuranosyl sucrose (LIE 0.2M &
B AT Ya—7r—2hbDr 357 By
i faveN

Mcllvaine #&fi¥%, pH 5.0, f 04 M[U-14C] &~ o —
7w —2 (10 g4, 003 pCi), FE—EEEPOZAERED
—> (10 pf) 35 L UFEFE (20 1) 70 72 B RIEREEE b
A= VIR T 30°C T5 H 5k 10K A vk 2 —
= F L, RISZ0IMBRD (10 pé) Fpmc & b 1k,
FOBITHRE & AROIEC & - TERMEL, B Lk
57 b= ABREREOBELELY L7 5 s b — AL
POBEWCESEY b OEBBOE»LIHE UL,

Table 17 7R Lick 5, BE SST 3y a—~27w—
AP B D neokestose I % DIE MK 66 (1-5-fructo-
furanosyl)n sucrose (=2 B X3 ~D7 57+
BRI TEx s 2 DL R, 1T (1-f-fructo-
furanosyln sucrose 274 (7=1(1-kestose,2(nystose)
KIS ~AD7 57 o AEBIRERL S AREN B
BV E ST LRV ENEDLR T, Ehic 1F-
(1-ﬁ-fructofuranésyl)m-GG (1-p-fructofuranosyl)n suc-
rose R F D (m=1, n=1; XU m=2, n=1) L ¥
TRRELE LTEGTHD T Lo,

R, va—ra—AHbO 6¢(1--fructofuranoc-
syln sucrose D7 5 7 b Y AEBBARET B K
%, neokestose & 66 (1-8-fructofuranosyl); sucrose
O E 5T7 57 b v AEBERY RN,

Mellvaine &%, pH 5.0, & 0.4 M[U-4C] & o —
7 m—2 (003 ¢Ci, 10 pé), [F]— 4% ¥ & 0.4 M neo-
kestose & A it 66 (1-B-fructofuranosyl), sucrose
(10 ) % L UBERE (20 16) 57 BRI A 30°C, 24 K¢
B v o=t Lk, RIERIED 5D 01 MEAR
(10 pf) BN LIk, BWCF » Y 7wz, &E
R—eFA  ehFarux b7 40— 1:1; AT A
15x54 cm) %17 - 7T 10% kT 13% =4 / — L TH
HLt, ZDER X b neokestose FUREM B2
opugE, 66 (1-B-fructofuranosyl); sucrose NG D&
BEOOEBESEEXRAOT, ThbOECERA TR
THEERRIE LT, £ R % Table 18 /R L T
BB,

Thie kB E, SEMEE LT neokestose g
= ADOBETHERGA 223 B b bt 1F, 66-di-S-fructo-
furanosyl sucrose 23T B Z EDELHITH - Tedd,
66 (1-f-fructofuranosyl), sucrose ICi3EHR LGHEE
DHEHE AR, ZOBNIEALE LRV b
Dyotz, EF UL HEHEEGAL D F D, 6C(1-5-
fructofuranosyl); sucrose & F\ fo iz it 17-8-fructo-
furanosyl-6¢ (1-8-fructofuranosyl), sucrose (347 %
7% 66 (1-B-fructofuranosyl)s sucrose (34 Uiz &
ﬁibﬁ’ D "ﬁ:o

UEDHERNS, SSTIREB V2~ r—ANRDLD
6G (1-B-fructofuranosyl)s sucrose ~D7 5 7.+ VR
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Table 17. Fructosyl Transfer from Sucrose to Several Fructo-

oligosaccharides by Asparagus SST

Details of the experiments are given in the text.

Fructose transferred
(#moles/m¥é reaction mixture)

Acceptor
Donor Incubation time (hr)
(Unlabeled)
5 10
[U-14C] Sucrose None? ) 8.06 14.80
”» 1-KestoseP Nil 0.13
” Nystose? Nil Nil
” 1F (1-B-Fructofuranosyl); sucrose® Nil Nil
” Neokestose? 2.26 492
” 6% (1-B-Fructofuranosyl), sucrose? 1.74 3.24
” 66 (1-3-Fructofuranosyl); sucrose® 0.97 1.83
» 1F, 6¢-Di-B-fructofuranosyl sucroseb Nil Nil
. 1F (1-8-Fructofuranosyl)y- Nil Nil

66-8-fructofuranosyl sucroset

a) Control; b) 0.4 M and ¢) 0.2 M solutions were used.

Table 18. Fructosyl Transfer from Sucrose to Neokestose or
66 (1-f-Fructofuranosyl), sucrose by Asparagus SST
Details of the experiments are given in the text.
Donor Acceptor
GS{SS{%-) (Unlabeled) Radioactivity incorporated (cpm) into
6% (1-8-Fructofuranosyl),- 1F, 66-Di-B-fructofuranosyl-
sucrose sucrose
Sucrose Neokestose 108 3300
66 (1-8-Fructofuranosyl)s- 1F-B-Fructofuranosyl-66(1-4-
sucrose fructofuranosyl)s sucrose
Sucrose 66 (1-8-Fructofurano-

syl)s sucrose

85 2180

BRFEGED > o — 7 v — 280 C-1(0OH) fricE 3
LD THFHDOL 5—0DKMEY 5 7 F —AIIzAET
HHOTRVWC ERERTY T,

3. = %

T AR5 HAWRD fructosyltransferase —2% H 3%
i TR 0.3~0.8 ATTITLIRE S 125 L€ 811 i i
BT 52 LA CERN, ZoBMCRL AR E
o —=2>D fructosyltransferases #[RFET 2= LM T
ERZEThD, CORERBEIYEH THot DI
sucrose-coupled Sepharose 6B« 3547 mu< 1} 735
Zi—ERWIZETH T,

BAEF Tl onDEE Y w o T fructosyl-
transferase PRI N2 EBRE IR T V575,
EOREGL, MK EEE SRl L5 5 D
O, T OMETLTLIETIR, ZORDEED
fructosyltransferase WBS+BHIECir ik trfc i D
fructosyltransferases R T HE Fr L0 THV
THEARELRTWBERE -, - TRILEANS
BEOMBLEI O X 5T B R L OLET
»5,

SEEEBE LT A5 ¥ ABROE# pH L H
Va—sw—R) RS0 THY, ThitFsMeRE
BIO & <2 FHEOHREHE SST (oK MR L
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FFT {03 o) o pH 5.0~529), =2 ) —Bo
14 {&¥5%) transfructosylase (S 1z O DR 5 1
HEETDHLD) © pHSE61D, 21 CJ v ¥y F
VD 40 fEREH transfructosylase (I G L7
WA, Z0OMOBERE N AR T L 0) © pH558) &
BEALR—TH -1,

TARTHABEDY o - v— AT 5 Km il
O0IIM THADEF LT, F274%N, x=RFN
KI®Y 2y €Y 5 08 @ KmfHi4 « 0.13, 0.098 35
TOY018M Th hkERL, Fhda -8 nZhix
0285 M TH D\ 535D - 120

Z DFEFE DSy F B (Sephadex G-200 # A &) 11#
65,000 LHEE X NI, TR 2 vy T VEEET
WA DRI 62000 KT 523, L x AREOE IR B
SST3) ¢ 100,000 J 9 i3/NTH» 7z,

BEM O WCHRET R L, TAAT AR o
-7 w—ASTHEO “BOER” ¥REC AR
BLCrva— A% LoD 1-kestose T3, L
2Lz OEEFE L 1-kestose, nystose, neokestose, raffi-
nose &5 WL, melezitose © “HOERE” A Lk
Motoo COX DRI F 7 1€ SSTY), 529 —
107) ¢ transfructosylase, ¥ L'V 2 7Y 5 8 D
transfructosylase DFN LB EAER U TH S, Fio
T AT HABEFEIL 1-kestose LD SN a3 —RAAND T
5 7 b o MER R RIGHIRBEME DI L C 2 501D
Ya—2r =A%k, ChE RO KGO
HFTEB T ERR LT AAF(1-3-fructofuranosyl)n-
sucrose [7=2 (nystose) ¥ X ' 3] & neokestose (X
z 0k 3 BORIGR BT BEEEE ARG TR o 1),
ChEFA—DOYUREAY = 7EY 5 D transfructo-
sylase®® TITERA D, F 27 4 %49 25 2 Y —100 OEEHE
THRHEL RV EREIR TS,

T ARG H ABEOEHA B R =7 m — A
% neokestose [AEHERA~D T T 7 AR AHEL,
TDEETI YA RLOHED Y - r—RA
W77 b—ACLOH) FEBIhLZ L THS,
L L DB Y = — 7 v — Ah b oD 1F(1-3-fructo-
furanosyl)n sucrose ® 1F (1-8-fructofuranosyl)m-6¢-
{1-B-fructofuranosyln sucrose (m=0) FRFIA4 U <~
D7F I IAEB BB Lt ol, ZOXD
BH fo B 12 2 4 D SSTH %2 ) —10D 0
transfructosylase CTIHE IR T WHDTH %,

LD Edd, T AT AR B LR
%740 SST cfillixd 225, LFLbThiF—

OWE R FE> fructosyltransferase Tid/at\Z & 235
Want, HoToDr5ifRkd 2 85T A1
kestose 33 L 0% neokestose TRFIDOE A &0
MY CTIIFRBHEhD 2 LTINS,

4 =B #

T A NS H ARBBESSHESE, DEAE-tiw
— 2, CM-+,1m—2, Sephadex G-200 % XU suc-
rose-coupled Sepharose 6B #4272 mn<t 2757 4
— %17 5 Z & X b sucrose: sucrose l-fructosyl-
transferase (SST) % H.3EM: CHE%E 0.3~0.8 fERIEI 51
UL e EmERE L, COBRUERIT  A2E
KB Y—Th b, B-fructofuranosidase R D
fructosyltransferase WG &% ¥, HE D T E (Se-
phadex G-200 #* /L JHBIE) 1349 65,000 T » e,

COREFILELTE pH 850, Km{E (v a—2a—
2) 011 M, 30°C (pH 4.0~8.0) Mk CEE, 45°C (pH
5.0~6.5) IMBCARLERE, ¥ X O p-chloromercuriben-
zoate, Hg?+, Mn2+ s X OF Agt i X DiEMIE SRS
EOWBERRLI,

COBFEOMBETAERIEIKRDO LS BLDOTH
> T,

) Ya—2m—2SFHO7 57} Y LER “HE
R P EEC BRI LT 1-kestose & 702
— 2B A A Utodd, 1-kestose, nystose, 5\
1T neokestose FHFHOLHTFRITD “HOERE” 138
DTINTH o1,

sucrose+sucrose=—=1-kestose +glucose

2) Neokestose ¥ L O'% @ R HkA Y =5 66 (1-5-
fructofuranosylin sucrose DY 2 —2 v —AF_7 77
F—AANDY 2= r—ANbLD7 57 b NEBRM
Wi, o OFRMILT AT HA SST b
DTF 7 A ESST CHBEIRTWIEWHETH -7,
6G (1-B-fructofuranosyl)n sucrose+sucrose—

1P-B-fructofuranosyl-66(1-B-fructofuranosyl)n-

sucrose + glucose

3) C OEfFE L 1F (1-8-fructofuranosylln sucrose
s I 8 1F (L-B-fructofuranosyl)m-6¢ (1-S-fructofura-
nosyl)n sucrose R ¥4V =8 (nx0) ~D7F 7 ¥
ABERS AR Ul s o e,

Dbk, 7A53345A8ST x4 SST
BT 50, @<RA—TREWE EdibhaTs
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E58E TRNSHIRR®D 6%Fructosyl-
transferase DFFR LT

CDETIE, b 5207 ALTFABEKTHD 69-
fructosyltransferase (6¢-FT) ##58 L, +ooE%2 M
BHT2Z ERTERDT, FREDWTIRNSZ LT
% 96,98)

L #RETE

BME: T AT I ADORRIT 1976 4 9 AL —
KBRESCREL, BHRRE L ORER L,

SR, [UMUClva—2r—xE&[6, 6/-3H] v =
— 7 r»—2A} the Radio Chemical Centre, Amer-
sham 75 A L, [U-14C] 1-kestose, [U-1C] neo-
kestose, [U-14C] nystose {27 A-45 # RO fructo-
syltransferase D—E§H09 % F\C [U-4C] & o — 7
B AMhLTEH L,

D 1-kestose, neokestose, nystose, 66 (1-3-
fructofuranosyln sucrose (n=2 & 3) ¥ Lo¢ 17 (1-3-
fructofuranosyl)m-6¢ (1-B-fructofuranosyl)n sucrose
(m=1, n=1; m=1, n=2; m=2, n=1) T7 A5
ARS8 L, 1F(1-f-fructofuranosyl)n sucrose
(n=3, 4 £ 5) (T3 7 4 THEH D 15 7299,108~105)

BEEEAOER: MR LRABEOHE T,

R R BLOH#HB I e~ /574, — PCERIO
TLC): Hi® & FEOITE T - 7,

FEHR—ESA b aTarn~ 257 4 - HiX
LRBOFETCIT o1,

BRI © Jl5E «  66-Fructosyltransferase o 3% #:
1. l-kestose 75 @ 1F, 66-di-S-fructofuranosyl-
sucrose (4 C ¥ L FR19) DAL MBI 238 L LT
EHEL, TOMEED 1B R O 47T T 1k
lperD7 57 v YAVEYERT DREELER L,

R (20 #d) & Mcllvaine #2H¥, pH 55, (20 1)
i 0.4 M [U-1C] 1-kestose (0.045 #Ci) 238 7 B iRE%
30°C CIEfA v o —~— } L, BEERIGR 01 M B
R UOpl) Nz sz Lk btk BEcx Y
THEELTACKHE lmg) RFIML, ThEEEK—
Th— RWTR=—e2 =2} 57 4 — (BE (D)
LTHSHEAC XYM L, 757 1 —20EBE
v, IR &R U O Lic 4 C BORsHiEL b E
L, ZOFEORE, Wsr~< 2357 4 —0LEINBE
L EER AR,

F 4 A 7BEKE: ORNTEIN-DAVIS®.™ 0 Fic

X v, 7.5% polyacrylamide #" /v (pH 8.0) =C, =i,
2 mA/tube T2 T 7. ¥V EOTEEA YV FILT%
Bt 1% Amido Schwarz 10 B ¥ c3va L1,
STREOWUE: BEEOSTHIL Sephadex G-200 »
7 LEAVD Y ARE (BRE) XD HIE LR, 025M
Yalbs + Y v a%ET 001 M U VEMERE (pH 6.5) T
54k 17z Sephadex G-200 7 5 4 (2.64x98 cm) %
By, [F—iEER T 6 mbhr ORI THER 2T -7,
TS 9 8 (Boehringer Mannheim GmbH 7 & [
ALKdH D) & LT chymotrypsinogen A (4 F &,
25,000), egg-albumin (45,000), bovine serum albumin
(67,000) % ¢~ aldolase (147,000) % FH\ 7z,
Raffinose-coupled Sepharose 6 B @ FJHl: [T T
ECHE Lo Jitk & [HE © J5 8 C raffinose % epoxyacti-
vated Sepharose 6 Bic A v 7V v /X B THE L,

2. ¥ ES

1) BEOFH

) &5 E

FoktE LD Pl oo 7 A2 5 5 ADH (£ 4200 g;

B 18kg) % 0.05M U VELEEMEWE, pH 65, (14 hT
REDFA AL, RESF— PERATIEBL, BLY
HEL (10,000x g, 154y, kD2 TORLI I D%
HTIT o), 85 h i R EMRL 2z efgf &
L, &EPC—EHE L, £ L iy sosgic
X hiw, Thw 0.056M Y VEREENE, pH 6.5, WEM
L, &\ CR—EER R LT 5 ARMER L, BIH
W BEODEE L C B RS (i, O0~1fgfi”
4, 5.7 4,

ZOWESE L ICEMRE TR L, 0.3~05 g0
TS A, Thy 001 M U vEREEEW, pH 65, i©
U4 BB L (“Bi%, 0.3~0.5 3R sy, 800
mé],

2) UVEHILLI LTI

oS ) VEEA A YT A AR DL (800 mé,
s 65g/RA g BEL, 5°CT305KELK
%, EOHE LT, BB Amicon [BAHEESE (Diaflo
PM-10 filter) TfL, 0.01M U VER{EMHW, pH 6.5,
TEN U, T O 7 ABNC X DB A E DI iGN
BRI THT LMK (U VEEA AT A7 Tl
2%, 1,050 m£J,

3) Octyl-Sepharose* DS LI AT M5 T 41—

Lol EHE T 35% fAfs L, — ARk iE
L, T A0ESELSE L o TRV, TomE
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C35% FF1E L 0.0l M ¥ VERESW, pH 65, TF
#iib & & 7= octyl-Sepharose CL-4B 5 4 (5.5%x30
cm) T oo TWHUTIL-D O S fg A R EIFIE D 0.01 M
) VEEAEET W, pH 65, (35%, 30%, 20% ¥ LU°10%
R, #2154, R THEER S TRR—EHK 20
T B A AT 57, 69-Fructosyltransferase (66-FT)
I 20% FARIOREE W TH H X R, 1F-fructosyl-
transferase (1F-FT) 12001 M Y VLA R CHE X h
oD T, D 69-FT Ok % s gE (Amicon;
Diaflo PM-10 filter) "C#J 500 mé i iBf5 L7z, = D
W 0.01 M ) VEHEE (#9500 mé) FEmL, HEE
b & FEROH B TR Lice ZOMBA L 5 —E#E L
THRRAEREORVCEREEZEBC, Thz0llMmy v
Wit fEe, pH 7.0, T2 AMEN Lic (“octyl-Sephar-
ose” @4y, 1,000 mé],

4) DEAE-EZ/LO—-R-ASLIATITST 4~

bk RSB 001 M U VEEESER, pH 7.0, TF
#ift X @iz DEAE-tx A= — A 5 F A (5x12cm) 5B
L, ®WT001, 002%X0°007M VU VEEEE KR, pH
7.0 (%« 1 6) CHEBREH Uic, 6-FT ik 0.07 M AEEIE
TR IRIDT, ZOBEHELERL, 001M Y Vv
BEwRER LCEN L (“DEAE-+L e —A, 1st”
Hisy, 65mb),

Z DENRKC VT DEAE-r e —AH 5 4 (2.8
x10cm) TXBI s =t 757 4 —&{F\, 001, 0.02,
0.03, 0.04, 0.05, 0.06 3 X U8 0.07 M U V&L, pH
7.0, (%4 % 300 mé) %\ CTHH Lic, 66-FT (3005 &
0.06 M DREERK TH L X h O T ER A%, B
POBSECIEM L, 001 M v VEREE R, pH 6.5, 1 0.25M
YEib » ) Y AW C—REN L (“DEAE-t B~ 2,
2nd” HE4y, 50 mé),

5) Sephadex G-200- A3 LI ATPIS5T 4~
BHEERIIRAMEES C I ml B L, 001M ) v
EpiLdRE, pH 6.5, H1 025 Mg ko bV v A THML X
47 Sephadex G-200 7 5 4 (2.64x98 cm) i 71,
A CABH W e 2 15\~ (Fig. 28), 1B No. 55~67
& CIE U (“Sephadex G-200" &4y, 10 mé),
6) Raffinose-coupled Sepharose 6 B« 135 A
IAT TS T 4— ‘
bR 0.01 M BHER R, pH 5.6, X}
LC—EW L7, raffinose-coupled Sepharose 6 B+
K7 (Ix8cm) i, 0.01 M BEifEEE ¥, pH 5.6,
(100 mé) ¥H ¢, B D sucrose : sucrose l-fructosyl-
transferase (SST) #IFE L, KV TREF LT3 69~
FT % 0.01 M V) vEbESE, pH 6.0, (100 mé) THH X
BB ENTEL, ZOBGEEMEL, 0.006M Y VE

_20 025
I Jo20
Z1s 20
E
3 Joss ]
z
30 =
E Jo10 g
g o
5
< 40.05
o
w
oYy 000

0 30 40 50 60 70 80 90

Fraction No.

Fig. 28. Sephadex G-200 Column Chromatogra-
phy of Asparagus 66¢-Fructosyltransfera-
se (6G-FT.

Elution was conducted with 0.01 M phosphate buffer
containing 0.25M NaCl. Five-m{ fractions were

collected.
Table 19. Purification Process of Asparagus 66-FT

Step Total activity  Total protein ~ Volume  Specific activity

(U) (mg) (md) (U/mg protein)
(NH,),SO4, 0~1 satn. 12600 70380 5700 0.18
(NH,)3S04 0.3~05 satn. 9580 24520 800 0.39
Calcium phosphate gel 7172 6410 1050 112
Octyl-Sepharose 5710 715 1000 7.99
DEAE-cellulose, 1st. 3098 104 65 29.8
DEAE-cellulose, 2nd. 1785 428 50 41.7
Sephadex G-200 931 8.01 10 116.2
Sepharose 6 B 684 5.00 10 136.8
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MK, pH 6.5, THP Licd Do RS amEREG &
L7 (“Sepharose 6 B” 4+, 10 mé),

TDX5 LT, Table 19 wiRT X5z DEER L
BREEL SAFNTL IR A U CHABRME T 760 f%, 54% DINET
BT 5 LA CE, TOLIEHRIL 1368 U/EH meg TH
wfze i, ZOBEBERML, v 2 — 7 v — X, l-kestose,
neokestose ¥ X O% 1F (1-3-fructofuranosyl)n sucrose
(n=2, 3, 4 W LU'5) B IMAKSBE LD ol &M 5-
fructofuranosidase #4 ¥4, va—Vr—2AnbD
1-kestose DA AL Lich oo &b SST # &%
3%, #7 l-kestose 7> 5 nystose XS Lithr iz
Eb IF-FT &%/ LR SR,

2) BRO—MEHEER

1) F4RIBEKKE

FBEEsE S 2 A0 polyacrylamide %t _FClE—&f
TCESRKE X7, Y2D 1Ak Amido Schwarz
10B cfE 3 (Fig. 29), 35 1K 2-mm EDF 4
A 7P U Mcllvaine ##%, pH 55, (02mé) T
FRECFA A LI, 2DFELHR— bz 0.2 M l-kestose
(02 mé) %Mx 30°C TISHHEIA v 2 ~N— + L35,
6G-FT M D\WC TLC I X D 947 Uiz, & DESSRE
PE 7 ETCHE— RV FRIRL, D5 P 66-
FTEBUSFET S Ehbd iz,

Fig. 29. Disc Electrophoresis of Asparagus 6%-
FT on Polyacrylamide Gel.

Details of the electrophoresis are described in the
text.

2) & F &

Z DEEF O T8t Sephadex G-200 # A JEBI L v
BBHETRE & O Ml 519 69,000 & HEFE S huie (Fig. 30),

3) E & pH

1-Kestose Z#H & L7zl pH 3.5, 4.0, 4.5, 5.0, 5.5,
6.0, 65 WX T0 BT B RIGHME L, Fig. 31 oR
Lz, ZOBERDOEM pH 13855 Th -7z,

4) pH-® &

pH 4.0, 4.5, 5.0, 5.5, 6.0, 6.5 35 L 10 7.0 DEERB I &
45°C T HMT LA vE 2 <= b L, 0°C i),

25
2 20F
Z
=
1.5}
] 1
4.0 4.5 5.0
fog mol. wt.
Fig. 30. Estimation of Molecular Weight of As-

paragus 66-FT by Gel-filtration.

Ve, elution volume; Vo, void volume.

Reference proteins (Boehringer Mannheim GmbH):
A, chymotrypsinogen A, mol. wt. 25,000; B, hen-
egg albumin, 45,000; C, bovine serum albumin,
67,000; D, aldolase, 147,000.

Details of the gel-filtration are described in the
text.

100

Enzyme activity(%)
&)
o
T

0 1 1 i 1 )
3.0 40 50 60 7.0

pH
Fig. 31. Effects of pH’s on Activity of Asparagus
6G-FT.

Enzyme was used in an amount of 13.9 U/mé:
Details of the experiments are described in the
text.

pH 55 IR L, k- TLOBFEELZHIE L1 Fig.

32), pH 5.0~6.0 TIXRHIDIEH,D 80% H B\ 2Lkl
ERFEEL T, pH A & 7 ClkiBi o 87% hik
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100

Residual activity (%,)
(4]
o
T

o 1 1 1 1
4.0 5.0 6.0 7.0
pH
Fig. 32. Effects of pH’s on Stability of Asparagus
6G-FT.

Enzyme was used in an amount of 24 Ujmé.
Details of the experiments are described in the
text.

100}

Residual activity(°/,)
o
o
4

0 1 1 1 L
20 30 40 50 60

Temperature (°C)
Fig. 33. Effects of Temperatuges on Asparagus
6G-FT.

Enzyme was used in an amount of 18 U/m/.
Details of the experiments are described in the
text.

i,

5) BREEH

T DEEEEEE A 30°, 37°, 45°, 50° 4 % \ it 60°C T 10
SREINBY L At (20°C k= v b m— ) FORFHEEY
WEE Lo, Fig 33’3 X 512 20~37°C TR E T
5B H60°C CTradkeif Lz,

6) BAFHIDOMNE

66-FT w58« DL AP DO B L 7§~ e, BER
(9.5U/m¥, 20 pd) & Mcllvaine &%, pH 5.5, (10 1)
th 0.4 M [U-14C] 1-kestose DERZ KD B itk &4
O—2 0ph) OHFEHETTICTAL vFa——}L
foo O1MHR (10 pd) FEHEM LTS RIEDIH, K
T PC R, B, =, =, R IO LhE
KROBEDOEGHEEL, &« OBEELS OV CUREREY
BIRE Utc, BER OSN3 BB BGA ¥ hoiciigt
EDEE L, Ml TtRb LI,

Table 20 753 X 5 wH 7K (1x10-4 M), p-chloro-
mercuribenzoate & AEfEER (1x10-3M) (34 «BEFE %
#9592, 83K LU B0FAETHH, Hlb~rrvoal
BALT V3 =9 A3B A TEERTI 6 LU 8 REL,
WiEg A vy s, AR T A, kA A v A LR
T3l B DRIR SRS I8 o720

Table 20. Effects of Various Compounds on
Asparagus 66-FT

Compound Concentration Relative activity
Control — 100.0
HgCl, LOX10—4M 84
p-CMB 1.2%x10-¢M 17.5
AgNO; 1.0x10—3 ™M 63.8
CuSOy 1.0x10—3M 96.0
BaCl, 1.0Xx10-3 M 98.3
CaCly 1.0X10-3M 1014
ZnSOy 1.0X10-3 M 102.6
MgCl, 1.0x10-3 M 105.8
AlCl; 1.0x10-3 M 108.3

Details of the experiments are described in
the text.

B EHAFHRH

1) 735 roLED “ABEBR”

58 60-FT % i\ CR—BOBO DY 57 b o
AFED CHTER” 2N,

i) 1-Kestose 4 FHDER

¥7, [U-4C] l-kestose % 60-FT #f & KI5 X 4,
VUBEAE O RERF AL BB L7z 0.4 M [U-1C] 1-kestose
(0.045 Ci, 10 p8), Mcllvaine #Zf#%, pH 5.5, (10 #4)
EBEER A7U/mé, 20 ) o BB RV EDO ML
VOB T T30°C T4 vF o ~1— b Ui, IGE 01M
AR (10 nd) gz Clhd ik, BIRRECY v+ ) 78
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(757 F—A, Zia—A, va—Ir—ARL1F-
(1-B-fructofuranosylln sucrose (n=2, 3, 4 % X U'5),
%4 100 pg) W (D ¥ A5 PCrenid b Hig
B LT B~ L ORI oRES OB Lic, ThE
ho Y T3 /00~ vEERERAKMEL, B
JEFHERBEFE LT, BohiBELK Qmd) L
FoRae A HIE Uic, POBEO AR T OBHE LB L
Tl HatE B R EL L,

Fig. 34 WRLEERERE L% X 5 M0
PO 3 B ¥ C RIBE R B LT L, T
ZOWIMOBEEIHIB Ui, o3, VB4R & R >
a—7a—ANEHET A Z LD R,

#2w, FicsyE LI UBEE S O T D RO S
Wit fFole Wb, ZOESY C@méb) O1mbitx v
7 ¥ [(nystose, 1F, 60-di-S3-fructofuranosyl sucrose
L 66 (1-3-fructofuranosyl); sucrose, % 4 1mg} %
ME T, HBER—EFA I TaTaxrTT7 4 —
BTV, B LR AOBEEERHIE L,

on mixture )
oy
(4]
T

-
o
I

[$]
T

Tetrasaccharide produced

( pmotes/mi reacti

o

1 1 ] \
5 10 15 20 25
Reaction time { hr)

(=}

Fig. 34. Synthesis of Tetrasaccharide from 1-

Kestose by Asparagus 66-FT.

Details of the experiments are described in the
text.

Table 21.

LORERIC X B &, # 10 IR % Tt 1F, 66-di-4-
fructofuranosyl sucrose DEHAER I B L, JERER
DFIECLL 69 (1-B-fructofuranosyl); sucrose & nys-
tose DJEPFED MBI 2 Ealbn -7,

B3, Bl Ui 1-kestose 3 FHD “HZEE” K
SR MRIRAME B 575 23 % 1F, 66-di-B-fructo-
furanosyl sucrose & [UM-C] v o — 27w — = & % -
THER LT,

66-FT (20 1) & Mecllvaine {&&%, pH 5.5, (20 110)
FO02MIU-MCl v a—2m—~2 (014Cl) 3X0002M
1F, 66-di-f-fructofuranosyl sucrose ®EE (A) %
30°C T3, 5B XV LOBER A v o — + Loz, 1A
~—FEMEHE (20 #6) 1 0.2 M [U-1C] 1-kestose (0.045 pCi)
& 66-FT (20 26) OR# (B) bFA— &M T T v&a
N b Lo BIGIE 01 M FROBEMTIL S8, B
R L EABe LT PC, kv THEMK—t5 A
FeATAIRTESTT 4 -1, BR (A) L HEEX
hic 1-kestose L{EW (B) 725 o 1F, 66-di-F-fructo-
furanosyl sucrose IOV THEHELXIIEL, FhbD
il & 2 ENEHEDED D, H4D7 T 7 b v L EBE
FHEI L,

Table 21 /R L= BBHER» L2 78 X 5 1T,
66G-di-S-fructofuranosyl sucrose & [U-1C] v . — 7
B — 2 L ORIGIC L 0 e 1-kestose 23gi s s =
DD BRI, DT LIIABEEN 1-kestose 5 FlD
BSOS b TELZ 2R LI, LaL, i
RIS (A) OBERIESG (B) OWEE L b dhosis b /e
BHT Lo,

ii) Nystose 4 FHOEB

6G-FT 12 X % nystose 75 DA ORI LAY
Bl & [k © % B 05 © 0.4 M [U-1C] nystose (0.03
#Ci, 10 ) T, AECHHA ¥ hiciiie s
HIE LI, SO sy B Uiy 2 b O AR

Fructosyl Transfer from 1¥, 66-Di-3-fructofuranosyl sucrose

to Sucrose by Asparagus 69-FT

Fructose transferred {#mol/m#é reaction mixture)

Reaction between

Incubation time (hr)

3 5 10

A. 1F, 66.Di-8-fructofuranosylsucrose
and [U-4C] sucrose 0.87 1.54 321
B. [U-14C] 1-Kestose alone 6.26 9.45 16.88

Details of the experiments described in the text.
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HhOBEEY, .9 78 L LT 1F(1-B-fructofurano-
syD)m-6¢ (1-f-fructofuranosyl)n sucrose [m=0, n=3;
m=1, n=2; m=2, n=1; B¥Xotm=3, n=0) #H
BIE®R—ESA a3 asn= 374 —CES
TITV, R THEE L RO & 2 0DV THREHES
HIE Lz,

EEADORERL Fig. 35 ©RT X 51, AEOSHEITH
10 5 TSI L Tl D, SR I h A
B3 1F (1-5-fructofuranosyl),-6¢-5-fructofuranosyl-
sucrose TH B Z LMFED DR, BRI DOKIGTERA
Hic 1-kestose B I hon = A BT S iz,

-
[=]
1

mixture )

n
T

Pentasaccharide produced

I 1 1 1
5 10 15 20 25
Reaction time( hr)

O

(p moles/ml reaction

o

Fig. 35. Synthesis of Pentasaccharide from Nys-
tose by Asparagus 66-FT.

Details of the experiments are described in the
text.

iii) 1F (1-3-Fructofuranosyl)s iz 4 sucrose % F
DEB

1F (1-B-Fructofuranosyl)s sucrose & %\ 17 (1-5-
fructofuranosyl), sucrose 7 FHTO “H &R &
SRR 2 Rl O & FIRRO TR W X > T 24 Bl A v
F oo g v Ltk KR E TLC 2 hc
L X AN, _

Z DFEER 1F(1-8-fructofuranosyl); sucrose 225 3.1F-
(1-8-fructofuranosyl)s-6%-3-fructofuranosyl sucrose
CHEE XN AEE, #1217 (1-B-fructofuranosyl), sucrose
5 131F (1-3-fructofuranosyl)y-6¢-3-fructofuranosyl-
sucrose LIEEIMBENRCThIPBET LT L
gD LT,

o TomRAERE LT, 7ARFHA6-FT
3R —f @ 1F (1-f-fructofuranosyl)n sucrose 5 FifE
flo “BOER” wks\ T, —HoBSTOR 52—
1) #4& fructofuranosyl BEA MO 5 FO /1=
— A% C-6 (OH) fL~DEER B U CIEH &\ ik
HRTHRTHDHEFT ST LNTE S,

2) 1-Kestose H>®D 1F (1-g-fructofuranosyl)n-

sucrose RIEANDT S bV ILDER

66-FT = & 5 1l-kestose »» & @ 1F (1-8-fructofura-
nosyl)n sucrose ~D7 3 7 + v ABBEH I,

i} 1-Kestose 22BHD v o — 7 r — A~

A, 1F (1-B-fructofuranosyl)y sucrose Wi
WA ThHD Y 2— 7 r—A~D l-kestose HD 7
Z 7 b AR OWT AN,

B (4.7 U/mé, 20 26), Mcllvaine {8y, pH 55,
(20 6) H 0.2 M l-kestose & 02M[U-1C] w0 — 27 m
— 2 (0.1 2Ci) HETHRIEH 30°C TS vF 2 -} L,
01M HK (10 pf) Bt TR IGxIE»ictk, BEcx
v U TBERMZ T PCehige (I) T3 ERBM LY
~PE S SURK OB E B L, B LAH DO
GEOWCTRBRERE L, SEOARER =8 oM
BE L 2BUBEE L DRTE Ui, ¥ LS8
b OEMERMROBRBINE M R— 54 +-H T A
rex b7 4 Lo T ot

REOERID, RIS THET AHEE=ZT neokes-
tose DHETH Y, FZ D neokestose 11 10 BEHI T
¥ CRICRREI LB L CET 523, Thil# Tt o
HNEE AT 5 2 Edbod o7 (Fig. 36), LA L
24 EEOR G T MO=4E L-kestose bV BAET L
LD LRI,

(=)
T

i 1 !
10 15 20 25

Reaction time{ hr)

(=]
o
[¢)]

Neokestose produced
(p moles/mi reaction mixture)
4
¥

Fig. 36. Neokestose Synthesis by Fructosyl
Transfer from 1-Kestose to Sucrose
with Asparagus 66-FT.

Details of the experiments are described in
the text.

hbDEREERENS 66-FT 23 1-kestose 75D v
a—Za—=2AD I Na—-2ABE CH60OH) ~D > 57
MoV EREE R i U, 69-B-fructofuranosyl sucrose
(neokestose) XA TE S = LW LM I iz,

—7, ORI BV T=EF neokestose DIz V&
DYYpE 1F, 6G-di-S-fructofuranosyl sucrose »4:3%
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CEPFEDER, COUMEOARIIEY 2 — 2 r— A
ELREGERRFOC AN Ih O TE 2 OFEHR
LTy HE AN,

EE3E (20 26), Mcllvaine B¢, pH 5.5, (20 xf) rh
0.2 M [U-11C] 1-kestose (0.045 xCi) ¥s 3 0F0.02~1 M
[BH] & 2 — 27 a —x (0.1 pCi) o705 B % 30°C ¢
2R vF 2= L, RIGRIE® 5o, 0.1 M§F
R (10 nd) By, ¥+ ) TER MBS O AV
% 5 EHER PC %17 W E~PUfts L U X b vk OB
FHWE LI, WWCIHERK—ES A LT a7 a<}
757 4 - X =S D neokestose, PO | 4
B3b 1T, 66-di-S-fructofuranosyl sucrose ZHBEL,
FRFRORHEERRIEL, Fh b ORSHEE & SEIK
HEELrbMBORYHE L,

Table 22 DB FERBEIRT IO SV —7r—2AD
PEREAEN R neokestose DAERITHIRE L, 1F, 60-di-5-

Table 22.

fructofuranosyl sucrose AT A Wi L, #
015M L D@\ o — 7 v — ABEOE A T 3 O B
PEEOE LV H AT B Edb sl

H 3 OHRE & LTI~ UG OWMFE, Hl' neo-
kestose & v o — 7 v —AMD D l-kestose DA KK
5, B E I EFBERET -,

66-FT (3.7 U/m¥, 20 nf) & Mcllvaine #£¥E, pH
55, (20 #f) Fh 02 M [U-1C] v 2 —27 v — & (0.1 Ci)
3 X002 M neokestose &B 7 BRI (A) % 30°C,
3, 58 XOI0HIA vF o<~ Ui, %7 66-FT
(3.7U/mé¥, 20 pf) L& R—DRBEE (20 pd) R 02M
[U-14C] v 2 — 7 »—2 (0.1 2Ci) 3 X 00 0.2 M 1-kestsoe
B EDP DR DEE (B) bFA—FHFFCA v X-}
Uiz, BUGIE 01 M FK (10 1f) %z Tk D etk, BK
e V78 (RE¥K (A) T 1-kestose, 1818 (B) Tix
neokestose, £ 4 100 pg) %z C PC 2 h:vF = R4y

Effect of Sucrose Concentration on Synthesis of Neokestose

and 1F, 66-Di-B-fructofuranosyl sucrose from 1-Kestose by

Asparagus 66-FT

Reaction mixture

Saccharide produced (#zmoles/reaction mixture)

[U—“C](l&[-)fgestose [3H] (%/Iu)grose Neokestoseb 1F, 6G-£7i1-/3;££\:g;g£urano_
0.1 0 — 10.00
0.1 0.010 1.24 9.05
0.1 0.025 2.50 8.41
0.1 0.050 3.89 8.27
0.1 0.1 3.90 521
0.1 0.2 401 2.25
01 0.4 545 1.88
0.1 0.5 5.53 1.97

Details of the experiments are given in the text.

a. Concentration in the reaction mixture.

b. Calculated from [*H]J-radioactivity incorporated.
c. Calculated from [14C]-radioactivity incorporated.

Table 23.

1-Kestose Synthesis by Fructosyl Transfer from Neokestose

to Sucrose with Asparagus 6%-FT

Fructose transferred {#mol/m# reaction mixture)

Reaction between

Incubation time (hr)

3 5 10
A. Neokestose and [U-1C] sucrose 0.61 1.26 2.47
B. 1-Kestose and [U-4C] sucrose 115 213 4.10

Details of the experiments are described in the text.
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O LI DRELRE S EIGERR— 2T L h T A
ra= 29574 —L, B (A) 513 1-kestose, {&
¥ (B) 7 HiX neokestose EAMEL, WETEERHEIEL
T, = OWGEL ST OALNEEFTHE L,

Table 23 IRTHBOHEREL LMD X o1, MG
O I3 FEFIEE T neokestose & [U-MC] & o — 7
7 — ADDBEHE 1-kestose AEFRTAHZ ERHED D
h, EFRCOBEKG (A) OEERERE (B) o%ho
W12 Thr o LLEDL R,

it) 1-Kestose #2385 1F(1-S-fructofuranosyl)n-

sucrose HAHWEA R Y YD

66-FT @ l-kestose 75 @ 1¥(1-3-fructofurano-
sybn sucrose [#=2 (nystose), 3, 4 HB L 5) HB
AR Y Y ~\D7F 7 b NMEERBICOWTHRAN,

B2 (20 d), Mcllvaine #2 & ¥, pH 5.5, (10 pf) F
0.2 M [U-U4C] 1-kestose (0.1 #Ci), ¥ % O [F] — #2 1 ¥
D FRED—> [04M 1F(1-F-fructofuranosyln-
sucrose {(n=2, 3, 4 HBH\ L5 HBHWLDH A%V V]
(10 p8) 75 7 BIRIEH 30°C TIFHA vF 2 ~—+ L
foo RS IE®D B 01 M AR (10 16) ZIEROK,
BEx++ ) 78X & 3 PCIHBE (1)) w3 3&E
BB L7, B~/ Mk XX hERO A+ ) e T
BV — vERKHEL, BETCEREZE L, #oni
Bl 4K @mé) @& LT OB AERR & L,
BB L7572 b —ARIIA vF =} LEZEHO
FEEIV1I 777 —ABMRETECESEL 24
RBEORETRE» HEE Ui,

Table 24 10R L EBFER» LM 5 X 51, L-kes-
tose MBDE N B DHERA YV TH~D T T2 bR
BREAEOEGWHERI VAL, BEAEDOIRY
R DIEBOZRMAEE LTI@Tons - 7,

Table 24.

Wiz, ZOEBNEDMBIELIERET DD
z, [U-14C] 1-kestose & nystose HOFIGTET 27
BRE SO TR TR T 5 2 2 X DR,
My, Mo TR ES T« 78 [17(1-5-
fructofuranosyl)s sucrose, 6¢ (1-8-fructofuranosyl)s-
sucrose, 1F(1-8-fructofuranosyl),-66-3-fructofurano-
syl sucrose & 1F-3-fructofuranosyl-69(1-B-fructo-
furansyl); sucrose, %4 1 mg) %, JEHEKR—F
A rehTaru=trsy o —icftL, 1F(1-8-fructo-
furanosyl); sucrose & 1F(L-A-fructofuranosyl)y-66-
f-fructofuranosy! sucrose BB L CHAEFA T
oA RE % I5E L e,

T DOHER, HHBETHA LRI DE~I1T 42 cpm, %
HORE~Z 804 cpm ThH Y, ZDz kit l-kestose 7
5 nystose ~D 7 F 7 v AEBIL nystose D L
— A C-6 (OH) i FHIR 4 UK 7 5 7 F odk
CEHECERTE I hBECLIELL VW &R L
oo Ffz, TDZ L l-kestose 25 o 1F (1-3-fructo-
furanosyl)s~s sucrose ~D 7 5 7 b VAER K B
THEFEROREPRB EXRBEL T W5 X 5T
BB

3) Neokestose HEXUZDOFEBKEICHIT B

IS rOLED “EEER”

Rk~ 78 & b 66-FT 23 1-kestose {HEHID
“HOER” RIS T 58 KRIE, Hb 17, 60-di-5-
fructofuranosyl sucrose 7% sucrose ~D7 5 7 b
CAER I X B 1-kestose DAERIKIG, 38 X U 1-kestose
Eva—rr—2ARDY 77 b Y ABEBRECK T M
[, Bl neokestose 3H DY a— 7 B—AAND7 5
7 b U NAEEEW L 5 1-kestose & sucrose DAERKIE,
ERETE ST 2k, BeBShrR LThB, ChEE

Fructosyl Transfer from 1-Kestose to Several 1F(1-45-

Fructofuranosyl)n sucrose by Asparagus 66-FT

Donor Acceptor (Unlabeled)

Fructose transferred
(#moles/m# reaction mixture)

[U-14C] 1-Kestose None {Control) 5.00
»” Nystose 1.42
» 1F (1-3-Fructofuranosyl); sucrose 0.87
» 1F (1-3-Fructofuranosyl); sucrose 0.69
” 1F (1-8-Fructofuranosyl); sucrose 0.48
” Inulin Nil

Details of the experiments are given in the text.
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Witz B & 1F, 66-di-S-fructofuranosyl sucrose %
i1 neokestose 45 FD F 3 — AE C-6 fric A L
Te—2D7 5 2 by NHER Y o -7 v~ AEER T B
N DBEFRPFES>TWHIEEZEER LTS, £ &
T, T Do r—2WD sz~ C-H6Hc
w757+ ~2&0HS LTV 2 REEE LR
Toify, T OBENED XS RIEBER R Bk S
LEETH B,

KBTI, ETFCOH{ETI 2 -AK1IBEOR T
5 neokestose #AWTC “BCER sy I 7 k
“//I/:ﬁfq@%%}gf\’f:o

B (3.7 U/md, 20 1) & Mcllvaine #&#w, pH 5.5
(20 pf) h, 0.2 M [U-1C] neokestose (0.04 £Ci) &b
BRHREEVEO L Y OFALETTICTA vEa
~e b L, BB 01M 758 (10 pf) #imz Tik®,
RIGW e + ) 78 [~ = — 27 w—A, nystose, 66 (1-
B-fructofuranosyl), sucrose 35 X 0% 1F, 6G-di-g-fructo-
furanosyl sucrose, £ 1mg) #Mmx, ¥H O A
B3PCItL v, =, MBIUEKELSHE L, B
DO%2HBET CEEL BoRABEY 2ml DK
VCHED LA 2D TR R HIE Lis, oo CHlEL
ToPUE @5y 22513, 69 (1-S-fructofuranosyl), sucrose
& 1F, 66-di-f-fructofuranosyl sucrose #¥E#EHR—t
FALHATLAre ST~ EDEEL, Th
b ORBSEERMGE L, T OBGHEE O WHEE D4R B
FHE LI

FEEEOFER (Fig. 37) 13 neokestose @ “F D@z i”

-
[=]

L 1 1 1

Tetrasaccharides produced
{ pmoles/mi reaction mixture )
[5;)

o
(=]

5 10 15 20 25
Reaction time{hr)

Fig. 37. Tetrasaccharide Synthesis by Asparagus

6G-FT Catalzed “Self-transfer” of Fru-

ctosyl Residue between Neokestose Mol-

ecules.

Details of the experiments are described in the
text.

O0—0 : 1F, 66-Di-S-fructofuranosylsucrose.

® —@ : 66¢(1-F-Fructofuranosyl), sucrose.

T 2fEopugE, 1F, 60-di-S-fructofuranosyl sucrose &
66 (1-8-fructofuranosyl), sucrose, AR ILDOH) AT
5:1, BIATH 31 ORI TERTEZ EERL, ¥
1o dT - 72 PC % X U8 TLC Bk CRIMpICAR T35 =
Wz a—/m—RATHBI L TEDLNI, Ya—7
v —2ADHZMBERK L 6-f-fructofuranosy! glucose 7%
B Lol & & 1F, 66-di-f-fructofuranosyl-
sucrose 75 66 (1-f-fructofuranosyl)y sucrose X b 3
3~5{5% L B Uk LY, neokestose D 7L 3 — AL
C-6G75 7 oA HiBEL, Th’nF0 neokes-
tose FFDV a—2a—AM7 T 7 b VAR TEB L
T EERRE LI,

ko “BCER” £hix 712 — R C-6 fici—>
D7 Z 7 b NFAFEOVURE 1F, 66-di-S-fructofurano-
syl sucrose (SEFEZEEE) % FI\ T 24 BREISUE CfF W, K
S E TLC ¥ Lic & = 5, 7k (1F (1-8-fructo-
furanosyl)y-6@-S-fructofuranosyl sucrose # 5\ i1 1F-
S-fructofuranosyl-6¢ (1-8-fructofuranosyl)y sucrose
LHESE) & l-kestose DAERDEDL T, L L,
2EDT 77 P OAKSREREL TV LMBETHS 6¢4(1-
B-fructofuranosyl); sucrose (JEEEZE) V725 &
BRI Bebhith s, ZhbhOfERI,
Fa—AFH C-8 AL LEREGHE L7 57 bo
B L TS LT v, 2L EEAOBA T
D2{HDH D I EORMEO LEELSEB LT Wil
BEB LW OEEZBNRS,

3. % £

Z OBEFROREARIC BV TR DR TH - i fF
U VEEAA YT LB L B f-fructofurano-
sidase YEM:DIRFE, octyl-Sepharose * #5427 w—< b
77 7 4 =& X % 1F-fructosyltransferase (1F-FT) {&
#DERFE, X raffinose-coupled Sepharose 6B+
NFhrma=br57 4 —0db SSTE/ROKRETH
iz, Thbr X b B-fructofuranosidase ¥ X P
fructosyltransferase %4> < &% 7o\ 66-FT % 2 g3
B EMNTET,

(1) = oEEF L 1F (1-~fructofuranosyl)n sucrose
RV THEThFho “ACEEBE” RSB LTRD
BUG% flit Utz

1-Kestose DAL, nystose HAEET, 1F, 66-di-
B-fructofuranosyl sucrose %4k URBIC Y o — 7 v —
ARWEHE LT, TORIGIEDS TR SHETL, BRIGS
KRB T b » e diETT L,
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Nystose D43, 1F(1-g-fructofuranosyl); sucrose
% A -f, 1F (1-8-fructofuranosyl),-6%-8-fructofura-
nosyl sucrose %4 U, [FIEHC l-kestose M Lz,

F 72 17 (1-B-fructofuranosyl); sucrose DA 17-
(1-B-fructofuranosyl)s-69-S-fructofuranosyl sucrose,
1F (1-B-fructofuranosyl)s surcose DIFHiL 17 (1-4-
fructofuranosyl)y-6¢-5-fructofuranosyl sucrose %%
REhVEA Uk,

ChbDZ Lz oBERAKIG 1) kAL, KB
757 PN THABRMET B L e R
L,

2 x 1F (1-B-fructofuranosyl)n sucrose (7>0)===

1F (1-8-fructofuranosyl)u-66-p-fructofuranosyl-
sucrose +1F (1-8-fructofuranosylln—1 sucrose
(1)

2) 1-Kestose HbOD Y a— 7w —2H5WL 1F(1-
B-fructofuranosyl)n sucrose R4 Y Zf~D T 5 7
b AR B TR D BUR R A Lo

1-Kestose 736 v 2 — 7 @ — A~DEEIZIL neokes-
tose MEEIIZE L, LED 1F, 66-di-g-fructofurano-
syl sucrose & ¥4 Ulc, & DEILOMRIG bIK-H
E TR TH -1,

[ nystose ~DEBTIL, ABEIIEE A ED
1F (1-A-fructofuranosyl)y-66-3-fructofuranosyl suc-
rose Thots, X hEKROF ) SHEOBHTILT T2
by AR T AN S W RIS R LU TRIR R
PR ELN, ARV vOBFRIEBIRED ) o1,

Thboz bz oBERSRIG (D) 2+ 5 2 &
R LT

1-kestose+1F (1-B-fructofuranosyl)n sucrose

(n=0)/—=sucrose+1F (1-f-fructofuranosyl)n-

6G-B-fructofuranosy! sucrose (1D

Pl &b pidd, ZOBERPBETHIRIEY
—i=, (1) TRT RO LIS,
1F (1-8-fructofuranosyl)m sucrose+1F (1-8-fructo-
furanosyl)n sucrose=—=L1F (1-g-fructofuranosyl)-
m—1 sucrose-+1F (1-f-fructofuranosyl)n-6¢-5-
fuctofuranosyl sucrose (I11)
(3) %7, = OEEFKIL neokestose [66-8-fructofura-
nosyl sucrosel & X O FDEKEA Y LR Tho “H
TUHER” IR\ TR OIS M L7,
Neokestose D&Y, 6-f-fructofuranosyl glucose
BT Y o - — ADLEWEREL T, 1F, 66-di-f-

fructofuranosyl sucrose & 66 (1-8-fructofuranosyl)e-
sucrose BARMM 3~5: 1 TA L, KRG (V) B
haz &&RLI,
2 X neokestose—1F, 66-di-g-fructofuranosyl-
sucrose+6¢ (1-f-fructofuranosyl), sucrose
4+ sucrose (Iv)

¥ &bz, 1F, 66-di-S-fructofuranosyl sucrose @
BA1% T-kestose w38 LT 1F (1-S-fructofuranosyl)-
6G-B-fructofuranosyl sucrose & 1F(1-B-fructofura-
nosyl-6% (1-S-fructofuranosyl), sucrose %4 Uiz, L
L 6¢ (1-B-fructofuranosyl), sucrose DH & L] &
DER " BB O Rhitd T,

BT TR L SRS h B S MY D fructo-
syltransferases 12 Z BEDEKW75 7 + —AF C-1
(OH)f2~D7 7 7 b 2 VEBR T A D TH b,
ThB MR TR~ SST H a3 £ (2—1) fructan:
8(2—1") fructan 1l-fructosyltransferase (FFTH9 ot
ThpwBT 550 THD, Lol, EFHELLTIE
(1-B-fructofuranosyl)n sucrose RF|A+ V =D 7' 2
— A C-6(OH) fz~D 7 5 7 + v LGB T 2B
FOBERE S hfizs  TBEIR T, =0
ZFEBAEL, ScoTT® & EDELMAN® 503 % <
FEEE LR L1 SST, FFT % X ¢ hydrolase 3
BEU—EREMRNFD FFT fEfic & b l-kestose 7»
bYa—tm—ADIAa—-ACEHENTST UL
BH LT neokestose ¥EHTHEE MR, IV
SATYANARAYANAY) 7 Agave vera cruz 7 bHE5HL
L7z transfructosylase iH¥E&RTEEF B4 (E4y 1L,
hydrolase G 7 =0 DBEFETEM: % & 1) 2 nystose
o “HTIEB” il U Fhic 1-kestose & neo-
kestose B S AREYE Uic W OMEN D BB
ESTAN

ChBOZENLUED XS SEHERE - MgT
B ENTERBRISBREELYETAH LV 7 v
A7 25 —HTHHI LoD T, ZOBEHED
FH#4% 1F (1-f-fructofuranosyl)m sucrose: 1F (1-4-
fructofuranosyl)n sucrose 66-fructosyltransferase
(m>0, n=0), ¥ B4 % 6C-fructosyltransferase (64—
FT) &5 &EHBELI,

4 E #

T AT AR DIREE S iE, ) BNy
2o FE N, R octyl-Sepharose, DEAE-+ 1
» — A, Sephadex G-200 ¥ X ¢ raffinose-coupled
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Sepharose 6 B\ AHEHN F A7 v~ T 7 4 —
X O ER R 6C-fructosyltransferase (66-FT) &
AT B R HOTE i TR R RIS Wy LT 760 %
CTGRERIE L 7o, REBBEEIL T 4 A 2 TERKIIIC li—
G, B-fructofuranosidase ¥ L UMD fructosyltrans-
ferase FHHEREY, HED T & (Sephadex G-200
FAEEEE) #69,000 2 LT\,
= DEEFEIT 1-kestose B L UTHVW ARG CR#E
PH #7155 %R, pH 50~6.0 TRE, 20~37°C Ik
TL5E, 60°C InECc4iE, p-chloromercuribenzoate,
Hg?t 35 L0 Agt ic X DIGHME L ZT S0t H &
LT,
o, TOFF VAT 2T —HIRKRD LD HEEER
T Oy
1) 1F(1-B-Fructofuranosyl)n sucrose %&7F[4+ VU =
BEDZN OB “BTER” Wy —7
a—AE L2~ C-60H)fi~D7 F 7 } v RH
EREL, EBEID 1752 oA BT ESEOCR
R L, ZORES 7T 7 b ARG
BERIGHT K Td - 72,
2 X 1F (1-B-fructofuranosyl)n sucrose (n>0j/=—
1F (1-8-fructofuranosyl)n-6¢-B-fructofuranosyl-
sucrose +1F (1-8-fructofuranosyl)n—1 sucrose
2) 1-Kestose ;5D >y 2 — 7 v —A, BB 1F(1-
S-fructofuranosylln sucrose 3% V) =fF G-6 fz~D
750 P UMEBRMIEL, ZAEGEIVLI I Y
MBI E R LR L,
1-kestose+1F (1-B-fructofuranosyl)n sucrose
(n=0)—=sucrose +1F (1-3-fructofuranosyl)a-

66G-B-fructofuranosyl sucrose

3) Neokestose DK Mt “HOER” » b Al
Lz,
2 x neokestose—1F, 66-di-8-fructofuranosyl-
sucrose +66 (1-8-fructofuranosyl), sucrose

+ sucrose

T D X5 IR O R T b OHT L\ BER AN
KORERERB IO+ 7 v A7 25— €& TRINE
CETRERBShLILPD, 2O F VAT 2T —
Lt L RS 1F (1-8-fructofuranosyl)m sucrose:
1F (1-B-fructofuranosyl)n sucrose 6%-fructosyltrans-
ferase (m >0, n=0), # f 4 6C-fructosyltransferase
(66-FT) o0&k 525 L2 RE L1,

£6E T7R/INSHRBD 17-Fructosyltransferase
DFWEHEE

OB TRHIFEDTARNGH AT VAT T~
D 5 bE#HBO—>, 1F-fructosyltransferase (1F-FT),
DB EMEIZ D WTHT - TR & F ORI TR

~N BN,

1. #HERFE

W T AT AORE 1977 45 9 B dbigE ks
A BRS THRE L, ChEBRRAE L Tk &#
RUli,

Bt [U-1C) o2 — 2 m —R & [6, 6] v a
— 7 r—2A ¥ the Radio Chemical Centre, Amer-
sham, 225HHEA Lz, [U-14] 1-kestose & [U-1C] nys-
tose {37 AT HAD fructosyltransferase % A
WT [U-MC) o — 7 m— 270 5 5% 1, [PH] 1-
kestose [ZRl—DHE L h [6, 6/3H] v a — 2 r—A
MHEH L7,

#EETEL l-kestose, nystose, neokestose, 6¢(1-3-
fructofuranosyln sucrose (n=2 3 L 0'3) & 1F(1-5-
fructofuranosyl)m-6¢ (1-3-fructofuranosyl)n sucrose
(m=1, n=1; m=1, n=2; m=2, n=1) 137 A5 ¥
AR SEI, % IF (1-B-fructofuranosylin sucrose
(n=3, 4B XV 5) 3% 7 1 T OB, D FGLL 709108~
105)

BELEOOER: WELRABEOFECER LR,

N R BIOHEBI/Ie< V574 — PCE IO
TLC): ®iEEREOFEC X - TIT » 12,

WHR—EIA b hTasm=tb 7570 —: FiE
LR FHE X - TET » 720

FEFIEED W 5 ;. 1F-Fructosyltransferase (17-FT)
O 1 BT Rl O&HF €1 REIK 1-kestose 3HH 5
—JiD l-kestose L7 F 7 F ARKBREB L Cly =0
D nystose XAETAHAMHHEEL L TEHE LI,

Mcllvaine #E&i#, pH 5.0, (20 #d) v 0.4 M [U-1C]
1-kestose (0.045 uCi) LPEE (20 1) 2" e B RE *»
30°C 1 BfIA v o <=+ Lic, BEERIGY 01 M AR
(10 ) DFINE L D DTtk F ¥ VT (7527 b —
A, ST —A, Vo — I r—AR L nystose DF %
100 ng) Zyml, PC G (1) LCH, =, =, I
B LS DR DA ) THECHBE Lic, S8 LA
EARE L, BET CEREE Lz, B5hBEK
Amé) gL, Zo—H 05md) wowThLiL
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e vk & M) i L€ Aloka Liquid Scintillation
Spectrometer, Model LSC 502 & LSC 651, = X -
THEHE R BIE Lic, 17-FT ©jE#:3 nystose DHht
BE LB SN T RHAHE L 0 BETEL L1,

54 A7 EZEKE) . ORNSTAIN-DAVIS O Jj 136,74
X v, 7.5% polyacrylamide #/ (pH 8.0) L,
2={H, 1.5~2 mA/tube T2 T 570, ¥V EDERHA
23V Fix Amido Schwarz 10 B T3« L,

DFEOWE: WMEOHE LA L TT 1.

Raffinose-coupled Sepharose 6 B oF#: #Hiz D
T ERBOHET, v a— 2 v —2DO{ DI raffinose
% epoxy-activated Sepharose 6B v 7Y v 27X
BT L HRM L,

2. % ES

D BEZoEs

) e o E

TFoKELMP L7 A5 AR 200g F2: 4
B 25kg) % 0.05M OBA LIV VERREEW, pH 6.5,
LG hThRECHL AL T2, HESH— NI TIEB
L, s 8 (10,000x g, 1557, = DMl o 5
Ch A Lk, LBRIEEHRR cefms L,
BENT—RINE L, £ UicibiBisga ool LT
Fdle, TO X LTELRIIEY 005M U Vg
EER, pH65, KL, KWTHR—BEHRCX L
5 BB Lic, BRNEEEONE LT LRI B
[“(NH,):SO,, 0~1 fIFY" [Esy, 642 4),

Z OESLEBHZ T 03 SR B X ) ic B L,
BENT—EHEL, BOSEO%, LBCEMHZS
Wz 088 & Ui, AT 23N 0.01 M U VIRIRMEW
P L, A—EEE T4 HRSERL, SRR LED
DRELT LB RS [(NH)SO, 0.3~0.8 SR &
5y, 277 4],

2) YuBALLIL-FIILRE

LRSS @ITH Y VEEA AT A S AERIERE
S (XA Tg/EA le), BRI SHE Licts, &b
DEELC EBRRBL [V VB LYY LAY Eidy,
3.09 4}, FhA FATOMKGBERIIZ Oy VAR X
DR C T,

3) DEAE-&#/A—-R-ASALAIAZ I IS5T 41—

(FE1mE)

i oBEsy (3.094) 13 Amicon BB SRS (Diaflo
PM-30 filter) %\ 500 mé gL, 0.01M Y v
R, pH 65, W LT—RENH, BEMRIILR

— Y T T O L X gt DEAE-A R =A% 5 4
(48%x23cm) AWCTZr= 57 4 —%fTolk, &
i3 0.01 M (34), 0.02M (1.54) 35 L 0N0.07M ) vEELR
Wi (3 6) THEIRNTITL, 0.07 M BB COWHRE
Batg, 001 M U VBB C—RENT L, BHARY
7z [“DEAE-tLn—2, 1st” @y, 350 mé],

4) Octyl-Sepharose * HS LY QT MTS5T 4~

RS (350 mé) % EMFR © 35% FFI L~
BEL, £T50BrEOsETh vk EREE
octyl-Sepharose CL-4B - 5 4 {(26x20 cm) W2
i, & 2 BR& T 35, 30, 20, 10 3 X O* 0% £ L7z 0.01 M
) VEEREETHR (500 mé 370) A i ERIICESH Ui,
1FP-FT 3B E % & F inw 0.01 M 2ERIC O L0
&, SST & 66-FT MR- DIsr= /57 4~
fRC X DSERIR T &M TEL,

1F-FT &M ES 13384 (Amicon, PM-30 filter) %4,
0.01 M v vEREEW, pH 6.5, wxf L 2 ARIEH LTS
PR 2B [“octyl-Sepharose”, &4y, 57 mé),

5) DEAE-EZ/O0—X-ASLAIRTIIST 4—

(2@

sy (57 mé) % 20 méic i L, DEAE-&
B—AHZA(2x19cm) TIZRr= 257 4 —T
Foo HEHIZ 001 M, 0.02M Y VERREETNE (4% 4 500 md),
W T 0.02~0.07 M (linear gradient) V vEEAEHE K
(500 mé) Tf7 -7 (Fig. 38), {GH:HES No. 47~73 24
B CiE#Hz (Amicon, PM-10 filter) L, 0.0l M EiERLSHE
¥, pH 56, Wi L T—KEN Lic [‘DEAE-+m —
=, 2nd” E4y, 30md),

'ook
;. 008
€
3 s
% 0065 106
=50 H
a 004-g 104 2
o £ [=)
£ L)
N 0.024£€ 02
M
&
1 L i 1 1 i 0.0
0 10 20 30 40 50 60 70 80 90 100

Fraction No.

Fig. 38. DEAE-cellulose Column Chromatogra-
phy, 2nd., of Asparagus 1F-Fructosyl-
transferases (1¥-FT).

Elution was conducted with a linear gradient of

0.02 M—0.07 M phosphate buffer. Five-m# fractions

were collected.
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60}
T
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\40..
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Fig. 39.

Sephadex G-200 Column Chromatography, 1st., of Asparagus 1¥-FT.

Elution was conducted with 0.01 M phosphate buffer containing 0.25 M NaCl.

Fractions of 7.5 m{ were collected.

6) Raffinose-coupled Sepharose 6B - H35 A
2RTbIST 4—

B OEEEIES (30 mé) % X 5 (Amicon, PM-
10 filter) U, 0.01 M EEEAESIT, pH 56, TPHLL
A‘/‘: raﬂinosefcoupled Sepharose 6 B+ 7 5 4 (1X10 cm)
ERAVI/RR YT 74— L, bBER—OBEER
(100 mé) # ¥ L, 00LM ) vERAEH ¥, pH 6.0
(100 mé) < 1F-FT %¥H L# [“Sepharose 6 B” &4y,
100 mé),

7) Sephadex G-200- A5 LY AT PIST 41—

“Sepharose 6B” W4 (100 mé) % 3mé = i
(Amicon, PM-10 filter) L, 0.25M NaCl #&1r 0.0l M

U VEREETR, pH 65, THEN Licth, HNFARK%L Se-
phadex G-200- 5 A (264x98cm) 7/ r<} /57
4 — DR A AV TH R L, B9 No. 41~51
#aEa 1 (Fig. 39) [“Sephadex G-200, 1st” sy, 92
mf],

Z O 1F-FT {EM:E4 (92 mé) 13 3 mé 124 (Amicon,
PM-10 filter) L, k&Moot vEs7a <
757 4 —1L<C (Fig. 40), [i% No.43~59 % & 4,
0.05M V VEEESIK, pH 65 X LTHENL, *0H
WREREE 1P-FT #5 & Ui [“Sephadex G-200, 2nd”
&#i4r, 12 mé),

EEROREHELAR Table 25 iR Lic, 1ERESRIH

Jso]

E 4015
3

=20t I
2 Jo10 ¢
a 2
£ 10} )
X Jo.05°
&

o 1 P e 1 0.00

0 10 20 30 40 50 60 70
Fraction No.

Fig. 40. Sephadex G-200 Column Chromatogra-
phy, 2nd., of Asparagus 17-FT.

Elution was conducted with 0.01 M phosphate bu-
ffer containing 0.25M NaCl.
Fractions of 6.6 m¢ were collected.

RA IR U HiE T 298 5 (#9185 U/mg
EA), L7y OEMNECHET A N TR, ¥
I, T OFEBIEEFEIL Y = — 7 w — A, 1-kestose, neokes-
tose KX 1F (1-S-fructofuranosyl)n sucrose (n=2,
3, 4B X UV5) KR Lici o T &5 S-fructo-
furanosidase # & ¥4, Yo —27r—AHFHETD7
77 v “ACER” R Lot &b
SST #4 %%, ¥7: neokestose & 1F, 66-di-8-fructo-
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Table 25. Purification Process of Asparagus 1F-FT
Step Activity Protein Volume Specific activity
{S)] (mg) (mé) (U/mg protein)
(NH4),SOy4, 0~1 satn. 93188 149226 6420 0.62
(NH4),SOy4, 0.3~0.8 satn. 54760 60940 2770 0.90
Calcium phosphate gel 38970 17216 3090 2.26
DEAE-cellulose, 1st. 20507 2499 350 8.21
Octyl-Sepharose 12998 182.40 57 71.3
DEAE-cellulose, 2nd. 6735 68.19 30 98.8
Sepharose 6 B 4145 28.03 100 147.9
Sephadex G-200, 1st. 2789 17.09 92 163.2
Sephadex G-200, 2nd 1590 8.60 12 184.9
furanosy! sucrose % 1-kestose Z3HER LIsA -7 2 5 F B

Eb 66-FT 3L Cuvie 2 EXEDBR, =0
CERERIBECEH IR AR LT,
(2) BRO—EHMHYE

1) F4RIBEKKE

B IF-FT 25 (BA & LT 80 ug) 12 W Clf—
Z&MTFT D 2 KD polyacrylamide ¥ L CEFRFRER K
BET o7, ¥2+D 1741 Amido Schwarz 10 B T3
1L (Fig.41), 3 5 1ADFX ML 2mm BEDF 4 A2
ZHITI L% <« DY A% Mcllvaine #&##%, pH 5.0 (0.2
mé) ChEeLFARA LI, ZDHRESH— P 02M 1-
kestose (0.2 mé) #BEFIL, 30°C CI5EEfIA v & o ~
— b L, BRIV T TLCIZ & b nystose DARE,
PN, F LI RD A v FORREET S
EDD T DERERIH—CHH I EMEPSh, i
DAY FORK IP-FTEWBTFEET S & LD
iz,

4

Fig. 41. Disc Electrophoresis of Asparagus 1F-
FT.

Electrophoresis was performed on 7.5% polyacryl-
amide gel, pH 80, for 2hr at room temperature
and at 2mA/tube. The gel was stained with 1%
Amido Schwarz 10B in 7% acetic acid.

Z DR DS FE L Sephadex G-200 #AJEEC X
- C marker protein D FE BT Ltk b
# 64,000 & HEE St (Fig. 42),

°
A

25
)
>
k)
>

2.0}

E
15 L .
4.0 4.5 5.0
log mol.wt.

Fig. 42. Estimation of Molecular Weight of As-

paragus 1F7-FT by Gel-filtration.

Gel-filtration was carried out by ascending method
on a Sephadex G-200 column (2.64X98 cm) equili-
brated with 0.01M phosphate buffer containing
0.25M NaCl, pH 6.5, by elution with the same bu-
fler at a flow rate of 6 mé/hr. -

Ve, elution volume; Vo, void volume.

Marker proteins (Boehringer Mannheim GmbH);
A, cytochrome ¢, mol. wt. 12,400; B, chymotrypsi-
nogen A, 25,000; C, hen-egg albumin, 45,000; D,
bovine serum albumin, 67,000; E, aldolase, 147,000.
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3) = & pH
Fig. 43 wiET X5k, ZOBEOEH pH ik 1-kes-
tose FILE L LK, #8950 Thor,

100

3]
[=]
T

Enzyme activity (/)

1 1 | 1
3.0 4.0 5.0 6.0 7.0
pH

Fig. 43. Effects of pH’s on Activity of Asparagus
1F-FT.

Enzyme was used in an amount of 12 U/m/é.

4) pH-% & &

pH 4.0, 4.5, 5.0, 55, 6.0 HH ML 70 DEEB R %
45°C T2 57 v A v -1 L, 0°CCrBHHL,
pH 5.0 s, BAEMAELLHIE Lz, Fig. 4

—
o
(<]

¥

34}
[=]
I

Residual activity (%,)

ot—1 1 ) 1
4.0 5.0 6.0 7.0

pH
Fig. 44. Effects of pH’s on Stability of Asparagus
1F-FT.

Enzyme was used in an amount of 15.8 U/mé.
Details of the Experiments are described in the
text.

FT L O WBAEEIIRDO X5 ThS: pH50 L 55T
13K 90%, pH 45 & 6.0 Ti3#70%, pH 40 Ty
50%, LT pH 7.0 TiX#10% Th -1,

5 #M R E K

BRI % 20°, 30°, 40°, 45°, 50° %\ 1 60°C iz 10
SFIMB UActk, DA 1P-FT G402 Uiz (Fig.
45), & DEEFEIZ 30~45°C DIETIZEE TH B H1 60°C
TIHERE L,

100~
e o
~2
<
oy
z
°
©
250
=
©
o«
o) 1 1 ! I i
20 30 40 50 60
Temperature (°C )
Fig. 45. Effects of Temperatures on Asparagus

1F-FT.

Enzyme was used in an amount of 17.8 U/mdé.
Details of the experiments are described in the
text.

6) FEEEHOBR

Z DEEFRT BV oh ORI FHIC OWTH AN
72, B¥FE (20 p24) & Mcllvaine 263K, pH 5.0, h04 M
[U-U4C] 1-kestose (10 #6) 136 75 2RI KB 5 iz
W (10 1d) DFEFE T T 30°C T 1A v o ~—
¥a v Ll UG 01 M B (10 #8) oFimc k- T
Hkd7cth, BT PC (S (1) 247 B~FkE
BIOCERBECOEEL, ) TEES D& 2DV TEHE
ho DEETEERPIE Uiz, BHROBEEM IR
DIRETHEA BB L,

Table 26 T X Hic, HF (1L.0x10-¢M), p-chlo-
romercuribenzoate (1.2x10-4 M), FfEER (1x10 -3 M)
1 X OIS (1.0x10-3 M) (24 « # 95, 88, 24 35 L O
13% BHE L, —HHMBHN RS OB~ v v (&4
1.0x10-3M) ILEEETE M % 4~ F919 8 L0 26% {2
Lz,
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Table 26. Effects of Inhibitors on Asparagus
1F-FT

Inhibitor Concentration Relative activity
HgCl, 1.0x10-4M 5.3
»-CMB 12x10-4M 12.3
AgNO; 1.0x10-3 M 75.9
CuSOy ” 86.8
MgCl, ” 101.2
LiSO, » 101.5
BaCl, » 103.0
ZnS0, ” 119.2
MnSO, ” 125.9
Control » 100.0

Details of the experiments are described in
the text.

B HEBAEN

1) 759 bonm “AEER”

¥, B IF-FT i sF—@EoEo/Mo7 57 b
AR, Ay “HEEBEB #v2—2r—ABI0
6FD7 T 7+ oA Y TR WTERYE TLC g4
BT ER L THN,

FEIRD X 51 LTT -7, BEE (10U/mé, 20 pd)
& Mecllvaine 25 ¥ (pH 5.0, 20 zf) D 0.1 M 2]
BOREKE 30°C THR A v 2 ~N—v 5 v LI,
FRERDERY % TLC wasvtic (Fig. 46),

Fig. 46 WRENB X5, ZOBEHFIE 2 -/ n—
A & neokestose DFFIIT “HOER” ©illteT,
fTADERSE Clebr o7z, L L L-kestose DS
Y2~ 7w — A% LTI, nystose DEBAITIR
1-kestose ¥R L TABEZERL, 4b B LC4cED
“HCHR®E" Tik neokestose % L CHEE, 5a iz
VU Al L O TR b s T,

i) 1-Kestose 4FEDiER

wic 1-kestose 5 FMD “H BB % [U-1¢4C] 1-
kestose AV TROERIC LD X hEEL {1,

0.4 M [U-1C] 1-kestose (0.045 pCi, 10 p4), McIlvaine
B, pH 5.0, (10 126) LE##E (20 U/mé, 20 p2d) Hhso,
A BERYVED A= vOFEETT30C CA v 2
~N—v g vk, RIGx 01M FBF (10 ub) #nz ik
Dot RIEBRCxF+ VTHEELTY 2= a—2,
nystose ¥} X O' 1F (1-3-fructofuranosyl); sucrose %
£ 2 100 pg MMZ B (1) € PC 25\, bERH L,

AS S K NNy 4B 4C 5A

Fig. 46. “Self-transfer” of Fructosyl Residue be-
tween Individual Oligosaccharides by
Asparagus 1F-FT.

Incubation: see the text.

Chromatography: Kiesel gel G (Typ 60) layer;
triple development with solvent (IV); spray rea-
gent, anisidine phosphate.

Authentic sugars (AS): s, sucrose; n, neokestose;
k, 1-kestose ; ny, nystose.

Sugars tested: S, sucrose; K, l-kestose; Ny nys-
tose; 4 B, 6@ (1-3-fructofuranosyl), sucrose; 4C, 1¥,
66-di-S-fructofuranosylsucrose; 5 A, 1F(1-B-fructo-
furanosyl)s sucrose.

®
3
X
TE20F
A
'51316 o
2312}
'g i
= 8fF
L
24t
E
£o ] 1 1 1 ]
-~ 0 2 4 6 8 10
Reaction time (hr)
Fig. 47. Synthesis of Nystose from 1-Kesotse by

Asparagus 1F-FT.

Details of the experiments are described in the
text.

=, W8, ABER LUSREL Loy SR Fhiligy
WL, BMETCHRMEL (CRELXBA, Chbvfak
(I mé) 2L, TD05ml% & nRERERHIE L.
Nystose EH#EE SN 2O ERBRIEE T E H
EhiCBEENLER L,

FERRORL, Fig 47 R L 512, l-kestose
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B O PUBE D A 3 BRI 2 Bl & Cox SR i Bl
LTHNL, ZThilfk, £oOMmoBEIBITHCL
TR LTz, ElZ OEBEOAER LI Y o —7r—A
bl Ehsz Lbhbhrol,

W, HRT 2 VaBED nystose ThHH, H5 I
DUERMAETH B I HTED B IO OER LS R
Bz LT85 4 X O 10 B0 B #E0 & 45 BE LAy
BEESCOWTERER— I LD TRrI R L ST
7 4 =W BT T, T OREE 4 Y 7HEE LT nystose,
68 (1-S-fructofuranosyl); sucrose ¥ X O 1F, 6¢-di-5-
fructofuranosyl sucrose % 4 1 mg V72,

HERDEERII, HESTREA T IEHE & $1C nystose D
ZWHAEL, 69(1-A-fructofuranosyl); sucrose % 1F,
63-di-S-fructofuranosyl sucrose i L FEELE LR WZ &
BIRLIEDT, 20 LI3KEHED 1-kestose T fElD
“ETERB” B\ TP E LT nystose DARZET 5
T EERTER SR,

it) Nystose 4 FHOEE

Nystose 75 OFMEERDRE R A (L% [U-1C] nys-
tose (0.03 pCi, 10 pf) B\ T i DFE: & AHROH
TERL, EEOEREY - OBCEA T BB
LRI (Fig. 48),

72465 k8 T OV 10 BEEIRIE S O B H S0 BE L
ARES T, BERR—ESAI L HTaru~t 57
4T, CoOEFL V7L LT 2D 1F(1-5-
fructofuranosy)m-6¢ (1-3-fructofuranosyl)n sucrose
m=0, n=3; m=1, n=2; m=2, n=1; m=3, n=0,
# % 1mg) HAWTHH LA,

ERORERIL Fig 48 WRLTH% X 5K, nystose
SFHTO “BOER” Wit 5 l-kestose DA £4
5 AREO R BT ICREE 2 B & CIIERNTHB = &

o

Ts

gx

£

83T

SE af

@ ®

,‘!.g o 1 1 1 1 1
E.E o 2 4 6 8 10
Cy Reaction time (hr)

Fig. 48. Synthesis of Pentasaccharide from Nys-
tose by Asparagus 1F-FT.

Details of the experiments are described in the

text.

Dbhbiotz, EFRIGEHER—ESA b DT hIZm<b S
T 7 4 —DRERDP LA E bt A 17 (1-B-fructo-
furanosyl); sucrose TH B = LAFED BRI, )

PlEo “ATEER” oW TOERE R BIE L Uk
FHLTARBERDELSTHD,

1z, l-kestose 2% nystose, nystose 7 5%
1¥ (1-A-fructofuranosyl); sucrose (Saffff), /- 5a ¥l
BBk 1F (1-B-fructofuranosyl)y sucrose & #i@ 2h
BARBEN R Lic s E905, 1F-FT ik 17 (1-3-fructo-
furanosyl)n sucrose RFEC k1T 5 5 (2—1) &K
T VNIAEEADT T 7 PO “HTER” R
W hWHRLFERTE S,

2z, 4b¥E [6¢(1-F-furctofuranosyl)s sucrose]
A Uk 7B 5d B [1F-8-fructofuranosyl-66 (1-
B-fructofuranosyl), sucrose] H %\ i3 5b B [66(1-5-
fructofuranosyl); sucrose] &HEE X, 4 ¢ i [1F, 66-
di-S-fructofuranosyl sucrose] 754 Uk A B 5¢
B [1F (1-B-fructofuranosyl)-69-g8-fructofuranosyl-
sucrose] HHWNLSd PLEEIND, Tz DOEE
FirF . 1F (1-8-fructofuranosyl)m-6%-(1-5-fructo-
furanosyl)n sucrose 25l (v o — 27 v —AFDLD
B X O neokestose 3R BTy a—27m—RE
D777 —AEDBIIERE B(2-1) #E Lok
TG UNANERITY 2~ v —AWD S — A
C-OMfEE L7 57 b —RED BT Fhi 52—
DS LERE7 7 b ot~z 57 b vaskio
“BEER” YIMETELLDOLEEI SRS,

2) L-Kestose MBDY 2 —% A—ZAD

739 VLR

TDT 57 AEBOREELEY [U-UCl v a—7
m— A% G CHERR LI, )

B (20U/mé, 20 16) % X O Mcllvaine #%7 #%,
pH 5.0, (20 #¢) rh 0.2 M 1-kestose & 0.2 M [U-4C]
a—7r—=A (01 pCi) B EH LRI A 20°C TA v 2~
—Ya v L, RIE%01MER 1014 DM XD
D7, \BHE PC B (D] LT, =, =k Iow
BELL OB Ule, 58 LA BlS 0% 4o T
HRETRENIE L, =BREESVCEGA & huichk 51 88 2 b [14C)
1-kestose DAERBZEM Ui, 7R L=
1-kestose DA TH S Z LIIEED TLC B L b
T DD B,

KEOFER (Fig. 49) 725 1-kestose 735 D [U-14C]
Ya2—IR—A~NDT T bUAMERBE LB [4C] 1-
kestose AR FUEKREE 5 B ¥ Cra R G Rc Ho )
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Fig. 49. Fructosyl Transfer from 1-Kestose
to Sucrose by Asparagus 1¥-FT.

Details of the experiments are described in
the text.

LT3 52, chUisEmsvheins o Ehibn
f)ﬁ’.o
3) 1-Kestose BN TSI b-FYTEHB(
ARYUADTST bV LVES

ETE 1L DOEHL L T [U-UC] l-kestose & F T
l-kestose WEDEE D7 F 7 +oF ) TR L VA R
Y vadD7 352 b AEKOEBI OWT I Ui,

% (20 p4), Mcllvaine §E#i#, pH 5.0, (20 pf) rb
0.2M [U-1C] 1-kestose (0.045 u#Ci), ¥ X U85 75 fh it
D —> [0.2M 1F (1-3-fructofuranosyl)n sucrose (n=2
¥ 742 3), 02M 1F(1-§-fructofuranosyl)m-66 (1-5-
fructofuranosyl)n sucrose (m=0, n=1; m=0, n=2;
m=0, n=3; m=1, n=1; m=1, n=2; F{zi¥ m=2,
n=1), HBL5% 1 %V v] LirbIiBREKE 30°C
TR vk a"— b LI, (rls=vite—ARE

1-kestose D& 1L 0.2 M [U-14C] 1-kestose DL
Zosfkl UCEEER 1-kestose (X Tedro72,) 01 M
HIR (10 pd) FRINC X - CRUSH kD ek, RIGRKY
Fo VTREIbE S ERMIc X h PC L, BE~7pED%
A BIOTN X DR OBECHES T 55 v PRk L
THEREE L L 2 ABEY S 270, FRERK 1 md)
CE» UBRSELMEL T, RAKELI L1752
— ABITRIK DEBREDO RS EICER 7 7 7 | —
ABEREB LU, i l-kestose 75 l-kestose ~D
777 by ERO “BEER” 0BG OB R Y 1.00 &

L7045 2 OB E O % B Uz,

REDFER (Table 27) 25355 X 51T, neokestose
~DEBEDE AT L-kestose D “HEER OB4
ERUHB NG THoTe, FRLORFIECT
H54b BIUCSOETIERY 5 7 + A ERMXEL
75 B WEERE (2 Uz, 1F(1-B-fructofuranosyl)m-
66 (1-g-fructofuranosylln sucrose RFBETIL 4 c BT
M ) OEBRALK, ZOBES 5c BIU 5d e
2L YBHEET T 7 b AR L EBORA
Hot, 1F(1-B-fructofuranosyl)n sucrose D34 it
l-kestose #fISb & LT da LU baiichn Lo
BERBIBD TN TH o, MBERAEARY ~—-DARY v
TREBNLREDO I 5Tz,

ZRbDZ &b 1F-FT I l-kestose 6D 7 5 2
b VR R R T 1F (1-B-fructofuranosy!)m-6¢ (1-3-
fructofuranosyl)n sucrose (m=0, n>>0) RFID A+ VY =
B, $C neokestose AL LTI SFIATAH,
1F (1-3-fructofuranosyl)n sucrose 25D A4 J =D

Table 27. Fructosyl Transfer from 1-Kestose to Several Fructo-oligosaccharides
by Asparagus 1F-FT
Fructose transferred
Acceptor moles/m¢ reaction ratio
mixture
(3 a) 1F-3-Fructofuranosylsucrose (1-kestose) (control) 7.50 1.00
(4 a) 1F (1-3-Fructofuranosyl), sucrose (nystose) 1.05 0.14
(5 a) 1¥ (1-8-Fructofuranosyl); sucrose 0.73 0.10
{3 b) 66-3-Fructofuranosylsucrose (neokestose) 8.00 1.07
(4 b) 66 (1-p-Fructofuranosyl); sucrose 4.76 0.63
(5 b) 6¢ (1-3-Fructofuranosyl); sucrose 3.49 0.47
(4 ¢) 1F, 66-Di-5-fructofuranosylsucrose 5.26 0.70
(5 ¢) 1F (1-3-Fructofuranosyl),-66¢-$-fructofuranosylsucrose 3.78 0.50
(5 d) 1¥-p-Fructofuranosyl-6¢ (1-8-fructofuranosyl), sucrose 2.85 0.38
Inulin Nil —
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FIRBERMN T 0 F - T B 2 EARE S,

W2, MOERCHRNLEZIEERTHLEHO
neokestose (3 b ), PuEo 4 b g [6¢ (1-5-fructofura-
nosyl), sucrose] B % \ it 4 c § [1F, 66-di-3-fructo-
furanosylsucrose] i\ T, l-kestose mHD7 T 7
F AN RS DO oDEKM T T 7 v AKD
SHELLIAELEBPEOWT L DEELLFH N,

BESE (20 20), Mcllvaine 42 ¥, pH 5.0, (20 né)
0.2 M [U-4C] 1-kestose (0.045 #Ci) s T UV5F 75 th i
(neckestose, 4 b HA WL AcH) DI BLO—DE G
EWE 30°C T3S vF o ~—F L, 01MEAF
(10 p26) N CEEREREEILDH, KIGEEF V7
Wirnz PC Ui, HBinbLAME CORBEL L Dk
OFERRTHE L, %+ ZBETTEZE L, $bhi
BT 2ml OKEED L, £O— (0.5 mé) THbHaE
PE Utze F 5Bl U7z Pabs  Joir 7R S (1 md) i3,
Fp ) 7H(da, db B X 04cll, BB\ T 5a 5b,5¢
BIO5AdBE, %2 1lmg) PMIEEE—EF1 bH T
A (1BXBdem) R WVTI/m<e b /57 45—, B
U7, BILPOsEsy 250 4a, 4b B X0 4c B, F
BERS D5 D 5a, 5b, Sc WXV Sd oW TEhE
NIEREDRIERIT - 72, BRI % h 6 ORSEED:
LA U, .

ERROFERL Table 28 Wk LTH B,

Table 28.

1) ETFafkE UTEE neokestose & U olgid
oW ThBDE, l-kestose B35 D neokestose ~D >
GO P UNAEIEBE Lo T OoDPE4b i L Wdc
BEAVERRLL 100 12 THTD 2 LdtbhsT, ZOC
&% neokestose DV 2 — 7 m—AD 7 5 7 b+~ AR
HC-1(OH) fi~AD 7 5 7 + Y ABBDINY 2 — o n
—AMD I a—-A C-b L EEGD7I 7 — AR D
C-1{OH) fu~DEE L b b2 v B\ (#920%) 1
23552 ERR LTV 5,

F 12 DG T nystose (4a ) 3B L
RUIEa » T2 &z, & DHE l-kestose 7> 5 D neo-
kestose ~D 7 F 7 b Y ABEROTTH 1-kestose 43T
O BOER” LY HEEMC S RBEDZERRLT
Wb,

i) FARKELCWHED 4b LAV SR A5 L
(Table 28), 5b ## [6¢ (1-3-fructofuranosyl)s sucrose]
& 5d g [1F-B-fructofuranosyl-6Y (1-8-fructofurano-
syl)y sucrose] AR 1.0: 26 TARL, FiMEo
SaibhTn LAl otc, 5d BN 5b DK 2.6
AT A LI Ab DY a— I r— RO T F I b
NS C-1(OH) fLodind 5 —HORM7 7 7 v
BT DIFZAEL LCOEHRZT B &R LT
W, ' )

iii) 4c¢ ﬁ;’%i@{z&& Lc¥&1L (Table 28), 5d B

Fructosyl Transfer from 1-Kestose to Neokestose or Its

Related Isomers by Asparagus 1F-FT

Details of the experiments are given in the text.

Remarks: 4 a, nystose

4 b, 6G (1-S-fructofuranosyl), sucrose

4 ¢, 1F, 66-di-B-fructofuranosylsucrose

5a, 1F(1-S-fructofuranosyl); sucrose

5 b, 66 (1-3-fructofuranosyl); sucrose

5 ¢, 1F(1-3-fructofuranosyl),-60-3-fructofuranosylsucrose
5d, 1F-§-fructofuranosyl-6¢ (1-3-fructofuranosyl), sucrose

Saccharide produced

Donor Acceptor (#moles/mé reaction mixture)

4a 4b 4c
[14C] 1-Kestose (control) 9.80 Nil Nil
» Neokestose 0.31 4.78 5.08

5a 5b 5¢ 5d

[1C] 1-Kestose (control) 1.14 Nil Nil Nil

” 4b 0.31 1.87 Nil 4.84

» 4c 0.38 Nil 2.35 4.67
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7 5c B [IF (1-p-fructofuranosyl)y-6%-5-fructofura-
nosyl sucrose] X 0 b 254 ERTHT L bho
Too COBFTACED Y 2 —rn—AH IV 2 — A5
HECSIER L7 T2 b oA BADIEB RS 5 —
DORWT T2 oAEOTRE D BE TS LER
LTWw5,

$FIDRERL LT, 1F-FT 2% 1l-kestose 75 D nys-
tose ~D7F 7 v AEER E nystose S FH A O
“HOEER” wIznv 727 v AEBOEbh R EBED
CHRE T B AR 4B 12 [BH] l-kestose & [U-14C]
nystose MFEDIFHETH G E A vF 2~ a— b
LA T DA 35 ERa 1T - 1.

B # (5U/mé, 20 p#f), Mcllvaine #2% ¥, pH 5.0,
(20 16) 0.2 M [3H] l-kestose & 0.2 H 5\ T 04 M
[U-1C] nystose (0.03 #Ci), &b 7 bR E 30°C ©
A vFa~-P L, 0IMAR (10 x4 XHEMLUTKIS
LD, KWL F + V) 7Lt PC (BFE (1)
Uiz, B~ £ L Th ) LoEA B Y
BV —vEKME L, #xZBET CEREEE L CBE
PR, AEELK Qmd)wgl, Aloka Liquid
Scintillation Spectrometer, Model LSC 651 %\~
Heathe & I E L. FBE [T (1-8-fructofuranosyl)s-
sucrose] DAREIIROFER L EH LI,

1-Kestose 7> & nystose ~D 7 F ﬁ oA EEB X
h&T % [*H, ¥Cl-5a Bzt © *H- BAREEHIE T %
Z L X DHEIL, nystose O “HEEB” X bR
T% [U-MCl-5a B2 2 D MC- Ho 4 4D BB LiogE
B HACEE L BH, 4Cl-5a #ﬁéwssl VTR
wi, )

EEROFER (Table 29) 7» %%’)#Z} J: 51, 1 kestose
b nystose ~ND7 T2 b UAEBIT 4 BBEIG T

Table 29.

nystose AHAMBDOZ F 7 + Ao “BEER” © 60
fr, BISBIRIG T 55 (& TH T

P ED#ENS, ZDEMTFO 1F (1-5-fructofurano-
syl); sucrose DA TiL 1-kestose 735 D nystose
~DT T 7 N U ABEEB DA nystose D “HIOERE” X
DAELET B EPHO LTS,

3. & =

BEROREER T I\ T, S-fructofuranosidase it
YVEEA T LS AL X, B SST BIW
6G6-FT 1% #: (1 octyl-Sepharose CL-4B- 75 47w
27T R EDVERCRS I ENTE, T5LT
BREKBHCE—Ic IF-FT %852 &3 CE7, =0
FEB1V-FT e Lic 66-FT & L b i g &2
ERKEWC 2T T A4 D & (Fig. 50), MF XL 2 IcRie
HHFRRATHDH LD ERE, L LEERRL
TR\ AY IP-FT X SST Lidizigf—o® By i B 5%
L, SE0EETOEIHKBOACIIHENRERA T
H5HEDTERRB ORI o, L LIREART X5 e
IP-FT OREERIT SST 5 X0 69-FT %R &2
e RTD i)ﬂ)f&oho

(1) 1F-FT 1 1¥(1-5-fructofuranosyl)n sucrose %
Flox v sfrhZhicksiT 2 k0O MEME ‘B 0E
B KSR i U, g

1-Kestose ODEEHIT v 2 —2m —Z%:jﬁ(& L C a5
nystose D L% 4 U, 1F, 66-di-g-fructofuranosyl-
sucrose % 6C (1--fructofuranosyl); sucrose %4 U
7sh> o7z, Nystose DHEfid 1-kestose i UTH.
# 1F (1-S-fructofuranosyl)s sucrose DL %41, 1F-
(1-B-fructofuranosyl)y-66-3-fructofuranosy!l sucrose
wH Uleds oz, Fic 1¥ (1-S-fructofuranosyl); sucr-

Fructosyl Transfer from 1-Kestose to Nystose and between

Two Nystose Molecules by Asparagus 1¥-FT

Pentasaccharide (#moles/m# of reaction mixture)

synthesized by

R i ixture
eaction m molecules

self-transfer between nystose

transfer from l-kestose to
nystose

Reaction time, hr
4 8

Reaction time, hr
4 8

0.1 M [3H] 1-Kestose2+
(A) 0.1 M [1C] Nystose® 0.24

0.1 M [3H] 1-Kestose2+
(B) 0.2 M [“C] Nystose 0.48

0.54 1.44 2.97

0.85 1.27 3.06

a Concentration in the reaction mixture.

Details of the experiments are described in the text.
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Fig. 50. Disc Electrophoresis of 1¥- and 66-FT
Obtained from Asparagus Roots.

After the enzyme proteins were electrophoretically

run on 7.5% polyacrylamide gel, pH 8.0, at 1.5 mA/

tube for 2hr, respectively, the gel was stained

with 1% Amido Schwarz 10B in 7% acetic acid.

(I) 1¥~FT, (II) 1¥*-FT+66FT and (III) 6¢-FT.

ose DA nystose (L EHET SN AVEEYKE LC 1F-
(1-8-fructofuranosyl)y sucrose (HEEI N BAEE 54
[~

TABOZ LT DEENEEEMED 32-1) FERNE
757V NENRZRBEORK7Z 7 b C-1
OH) iz L1 75 7 b —ABFLEAEVES EE
BETDHZEERLTWS, UL “HEER” 1va
— /B —ADBEHTIBE LA ol 2D EnBER
BRI 5 23 n>1 Thidiuiab iy,

(2) = DfEFIL 69(1-3-fructofuranosyl); sucrose,
HBE 1F, 66-di-3-fructofuranosyl sucrose ifEH
LTuwihd neokestose ZWEREL CHRER 4 U, =
DT L DEEFEMN 1T (1-5-fructofuranosyl)m-66 (1-3-
fructofuranosyl)n sucrose R FID+ Y =0 “HE
B RbMECEARILETRELTCWS LS5 ThS, L
7 LBIS & LT neokestose (69-3-fructofuranosyl-
sucrose) DFFIL “HTER” 5251/ 04 b
£ Uhrdote, R-oTCZDEF LI/ V2 —& C-6 LT
fBhE L7 7 7 b AR B L ClieiEB T o8
TubDEELBIhD, 2DT i, 17, 6%-di-3-fructo-
furanosyl sucrose # %\ % 62 (1-5-fructofuranosyl)y-
sucrose @ “BOEE” BT, s 2—2 C-6 L
BWEZ7T 7oL BOBBEL I BEOETH S
neoksetose WX D ¥ FFHE I Wiz &b IHTHEX
hs,

(8) ZOBEFEIL % 72 l-kestose MBD Y . — 7 —
A, 1F(1-3-fructofuranosyl)n sucrose X% 1F(1-5-

fructofuranosyl)m-6¢ (1-3-fructofuranosyl)n sucrose

RINDA Y TEAD 7 5 7 + v AEB T L,

ZD7 T 7 U AEBIC R TIL, —#BIC neokestose
(66-3-fructofuranosyl sucrose) Z#Jb & T HHEDOHK
F\DA Y =BEDT 7 1-kestose (1F-3-fructofuranosyl-
sucrose) BHH ETHREDORFIOHE L v L IER
ERXTL, MR ST HER7 77 + o B
BN THLZBEEECTVEHAEZRL, BEAEIR) v
CHEBIEE o, SLEERW7I 7+ —2%
284 LT\v3% 1F(1-3-fructofuranosyl)m-6% (1-5-fruc-
tofuranosyl)n sucrose R FIDA V) WA FEMKLE Ui
K, l-kestose 76DV 5 7 b AEBITEMORE 7
T2 —AEOH I DVELRT W Edibioi,

CDOTAAFZHABERD X 51 82-1) fEEOFM
TII YN EERBEEEORRT 7 oA CL
(OH) EwizB 45 2 L2 2R & T2 5UEER, 52—
1) fructan: 8(2—1’) fructan l-fructosyltransferase
(FFT), DEF L 2ohbhs,

EDELMAN i &0 —@EOpfgeu~a790 w1 p, %
74 EH]ED FFT 3R D7 7 7 + o VMEBRIGIC I\~
T “HOER” OBE (m=n, m=3~9)

1F (1-8-fructofuranosyl)m sucrose+1F(1-3-

fructofuranosylln sucrose (m=1~ca.35, n=0~

ca. 35)——1T (1-3-fructofuranosym—1 sucrose+-

1F (1-3-fructofuranosylln+1 sucrose
CREREL T CoOBYE L, RisEs FROER
DL (mxn, m=1~%535, n=0~#y35) i34 &
bESEWB ECOREETH LEBELIE LT W
5, UL LIEZEDOH - FFT 12 DEAE-+#L = —R.
ATLIR=NIT7 4~ X VESEH L7572
I L hydrolase % & # ¥2 “buffered tansferase”
EMTHLDTH o7z, Fh, £~RF FFT it
D SCOTT™ DWFE T, ZOEEMNT T 7 b v AER
DEBFEELTCERE 20U L0 R ~—2FHE TE
Wk, ¥H, #7141 FFT 00Ba L ixBich,
1-kestose % neokestose [ZHETBIEH% &5 Lu»
TEBHELR T B, LLaD FFT & ks
SIRIH O TR,

T SATYANARAYANAS~%) 3 ) . v ¥v 35 v
1% Agave vera cruz DE» 5 DEAE- v o — % -
AFLIRZLIT7 4 —iTd» TRk TS
T, KD MBIEED 7o\ transfructosylase Big %A
T—EDOWELLT » T 52, BEROMECIIE,NS
5X5ThHa,

O L5 TRROPWERB I ThIEEBH I h:



BH: 7225 720 Fructosyltransferases IZB¥ 5 Bk 301

MR THELh LD TR, ETRGEDT7AATH
AFEEM 1F (1-B-fructofuanosyl)m-69 (1-5-furctofura-
nosyDn sucrose 1 bIER L, FKESBEBICILIER L
TeWie EDETH 7 4% FFT &i3asle vt Gaiiis
2T\ B, Thil, BEF X ZOT A5 K ARFH 1F-
fructosyltransferase (1F-FT) o &fME &5 2 5 & L &
T %,

4 E #

7 ARG N ARMEE N OTESE, UV VBT
2 VA AT DEAE-+ /L v — A, octyl-Sephar-
ose, DEAE-+ /. m — 2, raffinose-coupled Sepharose
6 B 3 X 0% Sephadex G200 X i\ 58 H T A 7 v =
F 2574 =X DEER K 1F-fructosyltransferase
(1F-FT) & AT g% IiEt Chi e fafns s e )
LT 298 B EEER L L, 7 4 A 7 EREBRC I —
T B - OREREER I E S T B (Sephadex G-200 -
7L # 64,000 3%, S-fructofuranosidase,
SST 8 L O 66-FT %4 %7, l-kestose #HEH &L L
BoRIGZER pH (14 5.0, 45°C, 20 Rz xt L pH
5.0~5.5 TL5E, 30~45°C, 104 B CZ 5, 60°C
IN#ETHYE, p-chloromercuribenzoate, Hg?+, Ag?
BLOCu X W EHIAEEh 2 EOMH H R o> T
Wiz,

EZ ORERINKD & 5 il E R AR U,

(1) 1F(1-5-Fructofuranosyl)n sucrose %5 D+ U
TEOTRThC BT HERME “BOER” KBk
W, ZOBERIHEGHRED 6(2--1) HEE0RE7 7 7
PO HBELZ A ARE ORI 7 oAk C-1
OHY B L, 1 77 7 b —ABRMETE WESE
DR—FRFNOELE L, LY a—2r—-A0HE
BZOEBNEE -1,

(2) 1F(1-B-Fructofuranosyl)m-6%(1-A-fructofurano-
sylln sucrose RFDA Y D “BOER” Wk \»
Th, COBBRRABCY I 7+ YAEBEMELL 7
77 b= AR ECESEORRIELE e, L
/L neokestose DFBIA B E 0T, - T
ORI AR C-SMICEHERE S LT T2
PR TERT A LR LI L 5 ThH D,

B) Ftk, KL l-kestose HD Y 0 — 27 v —
A% & {s 17 (1-f-fructofuranosyl)n sucrose FF(A V)
THi ¥ X U 1F(1-B-fructofuranosyl)m-66 (1-f-fructo-
furanosylln sucrose R%|A V) Z~O7 5 7 b VLR
Baflf Uk, $86- LTOREHE—BIcizBED

BOHIHEL VSR, #B7 T2 b oV EEN DI
VBRI, 772 b — A2 KB HEE TS
POFMEDO T LY ROBEDHACH -k, HES
Begg R ) VIEFARK LR RL R 5T,

66-Fructosyltransferase (6¢-FT) & D& LD 7+
v —b 2 OFEFE K LT 1F-fructosyltransferase
(IF-FT) MHEZ LT L1z,

BTE BRAEER

T AT A ARG B - FE L 9 EO=~FRET
VThd in vitro OBEFRERIT X - CTAERAETDH 5
CERIE LA, 22 TRIALBD 7T Rk Y T
B A~OHEEL 72 3D fructosyltransferases DBf
B ouwTEE T % (Fig. 51 & X 08 Fig. 52 218),

1) 1F (1-8-Fructofuranosyl)n sucrose 35

(Ba, 4a, 5ath)

INBIEY a2 —~ADT7 537 F—AEic7F 7 b
=AM B2 A CBESERCR « TS LEBER D
% 1-kestose (n=1, 3a §f) OFEMAEELE L BT LN
T35 30T, F74eMEOHF L 1= 3BE
TOEFEREIFE L BB 2R L T v
%, LOrp=HE 1-kestose 11 7 1 ERAK\LGDREH T
FEAEYEDDLDT, il a—2r—A0b
SST DEMIC X » T4 U, 1-kestose |1k~ FFT 0
fERC X Y75 7+ R Y ZT TP (nystose n=
2, 4al) HDETHEADERED 757+ oA Y =
Y- EBIIEA R VEERY = —~EERER IR T
Evbh Tk 549,

T AT HAROEE S RRO R TERA TR S
T EHASEEEH L, BlY l-kestose {2250 F D o —
7m—A0 SST fik il “HOEB” Xy 15TF0 7
T — A% UTAER &, nystose (X 2 4FD l-kes-
tose O 1F-FT At “HE&B” Wi 19FD Y- —
7r— A% L TAR & h, 1F (1-B-fructofuranosyl)s-
sucrose (5a¥#) 1.2 4 FD nystose D[l 7/ IF-FT
fEFC X v l-kestose  FAHB LTER IS,

Lo LE AR E R ki I-kestose 12 5 D 1-kes-
tose T BBDYa—2r—A~NDT S 7 | VAR
kb, #i 1F(1-G-fructofuranosyl)s sucrose . 1-
kestose 2> 5 @ nystose ~DT T 7 U AERIL X 5T
YET D, ThBOREI 1F-FT 2388542,

2) 6%-Fructofuranosyl sucrose (neokestose,

3b#E)

DXy A= r—AD S a— A f(2—68)
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CH;OH
0
0
. He O/CHZ
HOH:C HO zg o
CHa CH,OH 0
f
HOM:C () O HOH:C q
CH,OH CH.OH
Ja 3b
CH.OH

Q
6}

Houzw HOH:C "/CH; HOH:C /CHZ
HOH:C o }1()sz HOH:C
C

O -

HOH.C 0
CH; QJH;OH H:OH (IJHz
HOH.C o (’ HOH.C 0 0
gHzOH quOH
4a 4b ic
CH:0H

@
CH: CH: CHe
/
HOMC HOH:C HOH.C ’: HOH:C ) o,
CH: m m()ll 0 CHa. o)
() s 2 O - L
HOH.C | O HOH,C 0 HOH.C HOH:C ) HOH:C O HOM.C
CH. Ha CH2:0H CHa CH.OH CHa
[

=]
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\ ) |
HOH.C ( O HOMC o O HOH:C (O HOH:C () ¢

$H2 CH:OH qm Y—?cmou

]
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CH:OH Qmou

5a 5h ' 5¢ 5d

Fig. 51. Structures of Asparagus Fructo-oligosaccharides.
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Sucrose
- /,—— Sucrose
\- Glucose
‘ 60-FT
1-Kestose (3a) //-\\\ > Neokestose (3b)
Sucrose Sucrose
1-Kestose 1-Kestose
1F-Fr [::: 1F-Fr (:::
Sucrose Sucrose
~ i |
G PG .
Nystose (4a) 6 (l-B-Fructof.)z- 1*,67-Di-B-fructof. -
sucrose (4b) sucrose (4c)
- 1-Kestose 1-Kestose 1-Kestose
1-FT (wetose) e e
§¥E§Z:iose) N~ Sucrose N Sucrose
7T\
L 4 y 1

17 (1-8-Fructof ) ,-
sucrose (5a)

|
|
1FFr
|
\

lF(l—B—Fructof.)n-
sucrose

Fig. 52.

6°(1-8-Fructof.) -
sucrose (5b)

1F-F7

e — ———

6G(1—6-Fructof.)n—
sucrose

15-8-Fructof. -
6 (l—B—fructof.)z-
sucrose (5d)

15 (1-8-Fructof . )
6 -B-fructof. -
sucrose (5¢)

.

1F-F1 17-FT

!
[
|
[
t

lF(l—B-Fructof.)n—
6 ~B-fructof.-
sucrose

\

1§(1-8-Fructof.)
6 (1-B-fructof.)
sucrose

n-

Pathway of Enzymatic Synthesis of Fructo-oligosaccharides

in Asparagus Roots.
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HET7I 7 b —AR UG LA DT, ex v s
B o= 8L, A XEREDOHEY DL O FETD D
DTHBH (Table 1 ZIR), T HITSEIFEREH LH LV
FEE & LCHR Lz 66-FT ofilfitic X b 1-kestose H»
BDYa—rr—ADSNa—~AC-6QH)M~D7 F
7 P VERBIC K 5 THERT 5, & ORf L-kestose /06
11 a— 7 v — AWNERET %5, Neokestose 137 A/%5
H A RKACG DB I8\ T 1-kestose & [AFFICERE:
MEZLED2HETH S,

3) 66(1-g-Fructofuranosyln sucrose R¥|#

4b%E 5b¥E)

Z R DY neokestose DEFEMAE L EL BT LN
TE5L0T, 1"-FT offATcETD, Hb, 66(1-5-
fructofuranosyl); sucrose (4 b ) i1 1-kestose 725D
neokestose D a2 — A CO(EESG 7T 7 P — AN
D757 o NER (R Y o — 27 v — A%l ©
X v, % 7o 6%(1-5-fructofuranosyl)s sucrose (5b ¥f)
1X[E#E 1-kestose 735D 4b FED 7L o - A FEED 7
77 b —APEKMAD 7 77 b oAER (AT 2 —
7 r— AR X DETE,

4b $EiLFE 7o 66-FT filil.> neokestose 2 4 F D
HOER KXoThva—7w— AR UTAER
b,

4) 1F(1-8-Fructofuranosyl)n-6¢-8-fructo-

furanosyl sucrose RJFE UcHE, 5c i)

ZhoOfL R U< neokestose DFFEMELE 2 b,
neokestose D Vo — v —AZ7 37 v =AMl f(2
SD) A7 7 —ARMAENEELTE#EHE DL -T
WEAEEOMETHL, Chb OBEOFRICRERIGE L
T 1F-FT B4 L 1-kestose 72bD 7 J 7 + VAR
T X haERT 5, A 1T, 66-di-f-fructofuranosyl-
sucrose (4 ¢ ) (3 1-kestose »>5H D neokestose @
a— V7 R—AM7 T 7} —A~OER (AT . -7
r— A% X b, 1F(1-f-fructofuranosyl),-66-4-
fructofuranosyl sucrose (5 c##) 13 [@ £ 7z 1-kestose
2HD 4 ENDERBICLDET S,

FEIRIEE LT 60-FT 25T 2REdbH b, 4c
B3 1-kestose B %\t neokestose ThFhd 2 4+
Mo “HCOEE®E” w X b, 5c il nystose B 5 Wit
dcBE2 T TR X W AT 5,

5) 17 (1-B-Fructofuranosyl)m-6¢ (1-8-fructo-

furanosyl)y sucrose R3J$E (5d )

[AHRIC neokestose FHEMEE TIIH 5 A%, neokestose
DI —AFRIV7 I 7 b —AWEEC B2-1)

BT P UABRMEL TV A E OB TH B, *
OEHE I-FT BERIGHERIE & 2 b h, 174
fructofuranosyl-6¢(1-g-fructofuranosyl), sucrose (5d
B 11 1-kestose b D 4b By o — I m— AT Ty
F—=AND7 S 7 AR (R a—2a—2%
W) BB Ay o — 7 —AE ST — Ak
HLET75 7 b —ANDEE (Va—2a—2x¥ K
ZrhAET S,

i, BEAR Lh -1 THLETHETRED S
2, IF-FT G 4b B2 5 b s iz dc 2 HT
fio neokestose WEED “HTEB”, XHEhBHWIT
66-FT Bi&. 4 ¢ §#2 43F D 1l-kestose HHED “B 2
BB CLEMIELLT L0 RS,

LIEEE oty e~ r—ABARETOY
F7 bt ) TEOETCBETHIOTH B2, R
SEAEK 10 O “asparagosin” WELHFTEL DT T
7 b —AEBED in vive TOFHDIEAL o hbd
ZOoOBFROBEOTIHETTHEDOTHS D,

HEMOER

L TREKY R T OTOEEFICOVTREALE
WD fThbhicho e 7 A5 A (Asparagus offici-
nalis L) ORI 2 WT7 57 b ) TREOREE - [
ERTOIEELR, Fhb ot ReBSET5 38D
fructosyltransferases @B L C, K12 D0EEEK
BERYFHE LA, chicX ¥ 274 % (Helianthus
tuberosus L) M E L 2R ABHKE L OT AATH
ARD7 77 v A ) TFEOEER BB AL 2L
B,

1) 7AASHARHOLER LULEAED 7 2
beot ) TR BOFEMOED Y 4 A5 10 Bierid T
B U7,

T AT H AR A 7 4 B HMEC I L& Y
THEEBROBHKEY oD TH o,

B DR (28, 3 LOBBELA © & TS )
OEES A BEUE) &L, T~8 8 (RER
B el CE BB R R, 8 A RMCRESE
Eieh, 9~10 f (BEERY) @il L TRV EAE
ORED BB A B, —F, BRI AL
8 LACEEAEE CIIHL, TOoRIENRT 3, %€
> TT7 AT HARTCRELS TEOIE» bRE~OE
BTN T~8 BRiE LTAMCEA L O & HEE &
ha,

2) 7AATZHFARO= & ) — A B LIEER—
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T LI FAIrR= ST 4 —BE RS-
—7RR b Iy LI DIEDT T bF Y T
ZHEE L, FD-mass, #EE, » F LB EEKED 7 A 2
R 7T 74 =B XOEEE L Sf-fructofurano-
sidase LA MAKSMERY O LT hd D
FEOWBLROLOWCHE - #RLE, Ll 66-4-
fructofuranosy! sucrose (6-kestose) X% D% FI
B L TR LixtEhdol,
1F-g-Fructofuranosyl sucrose (1-kestose)
1F (1-8-Fructofuranosyl), sucrose (nystose)
1F (1-8-Fructofuranosyl)s sucrose
60-S-Fructofuranosylsucrose (neokestose)
66 (1-5-Fructofuranosyl), sucrose
66 (1-A-Fructofuranosyl); sucrose
1F, 66-Di-f-fructofuranosy! sucrose
1F (1-B-Fructofuranosyl),-66-5-fructofuranosyl-
sucrose*
1F-3-Fructofuranosyl-6¢ (1-3-fructofuranosyl)-
sucrose*
*) STECGRRRIR O FTHE

() 7AZHTARDSHLSERBC X h AR L
—BEEEFCLE Y a— e —ARLD T T A
THED in vitro FEEFRN, FEF O HEE-RET
El IFOPFOL TR OEHE TRRCT A7 AR
CHFETHE EVHEL DO LR —Th o2, Zh
5o 1F, 66-di-S-fructofuranosyl sucrose, 66 (1-8-
fructofuranosyl), sucrose ¥ X % 1F-f-fructofurano-
syl-6G (1--fructofuranosyl); sucrose @ 3 fi12%) % T
BERER L - THRLILDTH S,

¥, COBEERCIIMEONT VAT 2T —F,
sucrose : sucrose l-fructosyltransferase (SST) ¥ X
VEE B EHIC 6C-fructosyltransferase (66-FT) ¥
X U 1F-fructosyltransferase (1F-FT) & &40 7B,
DIEMIED B h, X HICYa—27r—A, l-kestose
HBUL nystose ®HAVD 7 T 2 bt Y THEORERE
BRRE D & h b DEERD A Y T HED in vitro £ BT
BIELTWwB S LW EARE IR,

(4) Sucrose: sucrose l-fructosyltransferase (SST)
BT AT HARMEE»LHESE, DEAE-w/La
— A, CM-wr—2A, Sephadex G-200 B XU su-
crose-coupled Sepharose 6B+ 5 A7 v~} 27T 7
4 = %175 L X b i O 0.3~0.8 AfIEIS i
RUSLL R EmE R L, COREBERIRT + A7E
KBTIy —TH Y, B-fructofuranosidase D>

fructosyltransferase {EM% & ¥ 1, HEL TE (Se-
phadex G-200 » /A J&:8%:) 1349 65,000 C, ¥ 7-EH
pH #7150, Kmffi (v = — 27 =»—2) 011M, 30°C (pH
4.0~8.0) MBTLE, 45°C (pH 5.0~55) B TR K
%€, ¥ X O p-chloromercuribenzoate, Hg?+, Mn?+ &
10 Agt X DIEEIE S ha s L ORERR LI,

ZOBROMBT HERLL, KDk 55D ThH
27

1) vao—se—AHpFHEoO7 77 LGB “BC
B8 *EECHERACHE LT 1-kestose & 712
— AF AR U223, 1-kestose, nystose, HBL>
X neokestose TN FNOHFHETO “BRER” 1&
Bbffj\ "Cz'b > '/to

sucrose +sucrose=—1-kestose + glucose

2) Neokestose ¥ X 0% 0 [l kA4 ) =8 66 (1-5-
fructofuranosyl)n sucrose O v . — 27 v —RL7 5 7
F—RANDYa— 7 m—ABLDT T AR
BlLi, ZOBRMILT7A7HA SST E#NTD
DTF 74 € SSTTEHEIhTOLWHEETH- 1,

66 (1-B-fructofuranosyl)n sucrose+sucrose—
1F-B-fructofuranosyl-6@ (1-3-fructofuranosyl)n-

sucrose + glucose

3) 1F(1-8-Fructofuranosyl)n sucrose ¥ X 0% 17 (1-
p-fructofuranosyl)m-66(1-8-fructofuranosyl)n sucrose
RFA v 2 nx0) ~D7 T 7 F NSRBI L
otz

Ubkw b, 7245#7ASSTitxs42SST 12
BT 55, 2 RRA—TRWE Edbhro T,

(6) WERNT 6%-fructosyltransferase (6¢-FT) &4
N BER % 7 245 7 ARMER, O RS E, Vv
BRAh sy A VAL, R\ T octyl-Sepharose,
DEAE-+4/,L v — &, Sephadex G-200 %3 X 7f raffinose-
coupled Sepharose 6 B XHW A EHKHIF L7 r< b
777 4~ X b iGN CH R fRE S i 5 LT 760
HCRERBE Lz, BRERIT« A7BRUBIN T
H—T, f-fructofuranosidase ¥ X Uit © fructosyl-
transferase FHHEEZR XY, HEEHTE (Sephadex G-
200 7 AYEEH) ¥ 69,000 %45 L, l-kestose #H &
LTHWARIGCRE pH# 55 /R L, pH50~60 T
R, 20~37°C B CLAE, 60°C gk eokig, p-chlo-
romercuribenzoate, Hg?*, 5 X' Ag*t 1z X v i5EHEIR
EEZTHEOMBL R,

Fr, TOVI VAT 2T —IKD L5 nEBRR
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Mer R, !

1) 1F(1-B-Fructofuranosyl)y sucrose %%+ V =
BOEnTh oMl “BOER” Kkl va -7
r—RE s a—~x C-6(OH)f~D 7 F 7 + VIR
PRMEL, BREX D175 7 AREETESEDE
VAR L, TOEEAT T2 v aAREAVRE W
BRIGEEIRTH -1,

2% 1F (1-B-fructofuranosyl)n sucrose (n>0)
—I1F (1-/3-fructofﬁranosyl)n-GG-ﬁ-fructo-
furanosyl sucrose-+1F(1-g-fructofuranosylin—1-
sucrose

2) 1-Kestose »HDYa—~7m—2X, HoHiklF-
(1-B~fructofuranosyl)n sucrose FFA+ U =¥ G-6 fiL
D7 FY b AMERRAEL, FEMELDIV Y
p U ABEIRECERYER L,

1-kestose+1F (1-8-fructofuranosyl)n sucrose
(n=0y—=sucrose+1¥ (1-3-fructofuranosyl)n-

6¢-f-fructofuranosyl sucrose

3) Neokestose OFFEMLE “H BB » b MK
Lz,

2 x neokestose——1F, 66-di-f-fructofuranosyl-
sucrose+66 (1-5-fructofuranosyl), sucrose
+sucrose

DRI VAT =T - HRIEALROBR THD
Eb, Zhiest LR S 17 (1-8-fructofuranosyl)m-
sucrose : 1F (1-8-fructofuranosyl)s sucrose 6G-fructo-
syltransferase (m>0, n=20), % M4 6%fructosyl-
transferase (66-FT) O&frE 5252 L% IRET 5,
C(6) gy 1F-fructosyltransferase (1F-FT) &4
FH B 7 A5 7 ARMEE» RS E, Vv
Beansy s r LB, kT DEAE-w R — A,
octyl-Sepharose, DEAE-t /= — X, raffinose-cou-
pled Sepharose 6 B 3 X U' Sephadex G-200 % fj \»
BEEN T AR N 7T 4 KD HIEETHZS
SRR LT 2B i M L, T4 A2E
KB —Ch 5 - ORfEERIIHED T & (Se
phadex G-200 4 /L {EEH:) # 64,000 % 4 %, B-fructo-
furanosidase, SST ¥ X 0'66-FT & %, l-kestose
wHEEE LI ORIGE pH 15950, 45°C, 20 4
Bzt L pH 5.0~5.5 THEE, 30~45°C, 10 5rfilinz
TRE, 60°C IETEIE, p-chloromercuribenzoate,
Hg?*, Ag® %20 Cu?t i & DiEHIAE Sha S0k
BT,

o, TOBEHNRO LS IR AR L,

1) 1F(1-g-Fructofuranosyl)n sucrose % 5| D #+ 1
RO LT BT BRI “ABER” Btk
W, OFERHSAED 21 ok 7o
PSR LR R R DKW 5 2 b ok C1
OW) frizsB L, 1757 b —ABEEDEHVESE
DE—RFIOELRE LI, Ly a—27r—A0BE
2T DEBIH & Tad o7,

2) 1F(1--Fructofuranosyl)m-66(1-3-fructofurano-
syla sucrose RFDF U fECo “HIOBEBE” & B\
Th, COBERRAERCY 77 b oA EBAMEEL L 7
T - RBURIECESEORRBIMERE U, L
M L neokestose OFHIIEBNRE kMo, T
COBERL S — AT C6 LR E A L7 77
P AREBBEL CEB TR L LV X5 TH D,

3) 1-Kestose >0V o — 7 v — A% &1 1F (18-
fructofuranosyl)n sucrose 5l V =k L O 1F (1-5-
fructofuranosyl)m-6¢ (1-3-fructofuranosylln sucrose
FIUA Y TWEA~D 7 5 7 b AR R R U, FAE
& LTORIGHE—RIC I BB OBO L ORE L VSR
, MBE77 27 VBRI RVERRL, 757 b
— AN 2 R H HBECIIEBIEHEORMEDOH T L b
BB HECH -7, MEFES 2 VIRZAKE
Wbl oo,

60-Fructosyltransferase (66-FT) & OLF LD T
v —b DRI L T 1P-fructosyltransferase
(AP-FT) & &L,

() TARSZHABC BT B75 7 bt V) IEOE
RS LR D in vitro EBC I B SST, 66-FT,
B ROI-FT Offix DRECHT 55 Rbkn b2 L
TR DGR 2B I,

TASNGHARERGH 757 bod ) IO LS K
ERCTHELMMEY D HBITE Y 2 — 7 5 — X,
ZHE 1-kestose, 3 X ' =§ neokestose D3I T H
D, @ U ERLBELY T5MFLI3MED fructosyl-
transferases (SST, 66-FT, 3 X0 1F-FT) © 5 %,
THL DBER T LR ERA AR I\ CEMERIE & Bl
MRS ERT 5D, SO TRERCEUTHRT A &
Zia,

1) 1¥(1-8-Fructofuranosyl)n sucrose % 7§z ¥
VT, %9 1-kestose (1F-S-fructofuranosyl sucrose)
ESST OfERIR X D v a—2 n—AnbAEL, AWT
WwTFhd 1P°-FT ofEfic X » 1-kestose 7% nystose

[1F (1-B-fructofuranosyl), sucrosel, nystose 75 1F-
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(1-g-fructofuranosyl)s sucrose, XS FBEOIER X
DR % & X Dk oD AT 5, F fcl-kestose(z1F-FT
OIS X h R0 1-kestase MBED Y o — 7 8 —AAD
777 FYNERIZ LY, FLTL 1F(1-B-fructofurano-
syl)s sucrose i l-kestose » 5 @ nystose ~ DT
CXoThhTs,

2) Neokestose (6¢-8-fructofuranosyl sucrose) @
BRE 69-FT it & 5 1-kestose DY 2 — 272 —A
ADT T UANBBIC L - CHET D,

3) 66 (1-A-Fructofuranosyl)n sucrose R %I § o &
BT, Wihi 1F-FT offfic & b 66 (1-f-fructo-
furanosyl) sucrose i3 l-kestose 7> @ neokestose
ANDTF Y VAERICL D, 7 66 (1-f-fructofura-
nosyl)s sucrose 11 l-kestose »>5 DPjFE DFA~DEER
X oThETS,

4) 1F(1-3-Fructofuranosyl)n-6%-8-fructofuranosyl-
sucrose RIMEDOERT1E, = =Ch IF-FT 2345 L,
1F, 66-di-S-fructofuranosyl sucrose |% l-kestose 7>
5 ® neokestose ~D7 5 7 Py EEBIC X b, 1F(1-
B-fructofuranosyl)-6°-8-fructofuranosyl sucrose i
1-kestose 75 DRIFORE~DEBIC L » THT S,

5) 1F(1-g-Fructofuranosyl)m-6% (1--fructofurano-
syl)n sucrose ZFUEIFEGE 1F-FT oS X b4 U,
iz VX1F-S-fructofuranosyl-6% (1-g-fructofuranosyl)-
sucrose ¥ 1-kestose 73% @ 66 (1-3-fructofuranosyl),-
sucrose ~D7 7 7 P AR L v AT S, X hEK
D OFRIIIFROERC L Dk« LET D H O L
Hxhs,
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Summary

Up to the present, the chemical structure and
biosynthesis of fructo-oligosaccharides in the roots
of asparagus (Asparagus officinalis 1.) have been
studied scarcely. In this study, therefore, the
author attempted to isolate and identify the
fructo-oligosaccharides in the asparagus roots and
to investigate synthesis of these saccharides by an
enzyme preparation obtdined from the asparagus
roots. The asparagus saccharides were found to
be structurally different from those of Jerusalem
artichoke (Helianthus tuberosus L.) tubers and three
different types of fructosyltransferases were as-
sumed to be involved in the synthesis of the as-
paragus saccharides. These fructosyltransferases
were highly purified and their substrate specifici-
ties were investigated in detail. Thus, a mecha-
nism of the enzymatic synthesis of the fructo-
oligosaccharides in asparagus roots could be re-
vealed.

(1) Changes in the total sugar content and the
composition of fructo-oligosaccharides were inves-
tigated by use of the asparagus roots harvested
from April to October. Ratio of the fructo-
oligosaccharides to higher-saccharides in the as-
paragus roots was larger than that of Jerusalem
artichoke tubers. The fructo-oligosaccharides were
consumed rapidly in May and decreased continu-
ously from July to August. Contents of the total
sugar and fructo-oligosaccharides were the lowest
early in August, thereafter they increased gradu-
ally until the highest level was reached in Octo-
ber. During this period, higher fructo-oligosac-
charides also accumulated in the roots. On the

other hand, contents of monosaccharides decreased
rapidly in May and afterward incrersed until the
maximum level was attained in August. However,
a decline in the monosaccharide contents observed
in October. These findings indicate that a meta-
bolic conversion from decomposition (consumption)
to synthesis (accumulation) of the fructo-oligosac-
charides occurs in the asparagus roots between
July and August.

(2) Nine fructo-oligosaccharides were isolated
from an ethanol extract of the roots of asparagus
by carbon-Celite column- and preparative paper-
chromatographies. They were identified as de-
scribed below by examination of the constituent
sugars, FD-mass spectrometric analysis of the
oligosaccharides, gas liquid-chromatographic analy-
sis of methyl derivatives, and investigation of the
hydrolyzates obtained by partial acid hydrolysis
and by f-fructofuranosidase action.

1F_A-D-Fructofuranosylsucrose (1-kestose)

1F (1-3-D-Fructofuranosyl); sucrose (nystose)

1F (1-3-D-Fructofuranosyl); sucrose

66-3-D-Fructofuranosylsucrose (neokestose)

66 (1-3-D-Fructofuranosyl), sucrose

6G (1-8-D-Fructofuranosyl); sucrose

1F, 66-Di-8-D-fructofuranosyl sucrose

1F (1-8-D-Fructofuranosyl)y-6¢-8-D-fructo-
furanosyl sucrose®

17.3-D-Fructofuranosyl-6¢ (1-8-D-fructo-
furanosyl), sucrose*

* New saccharides hitherto unknown in nature.

In spite of a detailed investigation, 67-§-D-fructo-
furanosyl sucrose (6-kestose) and its related sac-
charides were not detected.

{(3) Nine fructo-oligosaccharides were synthesi-
zed in vitro from sucrose by an enzyme prepara-
tion obtained from the asparagus roots. They
were isolated and elucidated to be the same sac-
charides as those previously proved to occur na-
turally in the asparagus roots. Three among these
oligosaccharides, i. e., 6% (1-5-D-fructofuranosyl)s-
sucrose and 1F (1-8-D-fructofuranosyl)m-6¢ (1-5-D-
fructofuranosyl)n sucrose (#=1 and 2 in m=1),
were those first synthesized enzymatically in vitro.
Further investigation on the fructo-oligosaccharides
obtained by the enzymatic synthesis in use of suc-
rose, l-kestose or nystose suggested that three
types of fructosyltransferases, i. e., sucrose : suc-
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rose 1-fructosyltransferase (SST), 66-fructosyltrans-
{erase (66-FT) and 1¥-fructosyltransferase (17-FT)
the latter two are tentatively named, might be
involved in the biosynthesis of these oligosaccha-
rides in the asparagus roots.

(4) A sucrose : sucrose l-fructosyltransferase
was purified (811-fold) from an extract of the as-
paragus roots by successive fractionation with
ammonium sulfate and then chromatography on
DEAE-, CM-cellulose, Sephadex G-200 and sucrose-
coupled Sepharose 6 B columns. The purified en-
zyme was homogeneous disc-electrophoretically
and was free from the activity of S-fructofurano-
sidase and other fructosyltransferases. Properties
of the enzyme are as followes: mol. wt., ca. 65,000;
opt. pH, ca. 50; Km for sucrose, 0.11 M ; stable on
heating at 30°C, pH 4.0-8.0; labile (ca. 50% loss) on
heating at 45°C, pH 5.0-6.5; inhibited by Hg?+, p-
chloromercuribenzoate, Mn?* and Ag*.

The fructosyl transfer reactions catalzed by this
enzyme are summarized below.

1) The enzyme catalyzes the fructosyl transfer
(“self-transfer”) from sucrose to sucrose highly
and specifically producing 1-kestose and glucose
without any fructose liberation. However, “self-
transfer” of 1-kestose, nystose or neokestose pro-
ceeds only scarcely. The transfer reaction is

reversible.
sucrose +sucroses===1-kestose+glucose

2) The enzyme catalyzes the fructosyl transfer
from sucrose to neokestose or its related saccha-
rides, 66 (1-3-D-fructofuranosyl)s sucrose. The fruc-
tosyl residue is transferred to C-1 (OH) position
of the fructose in sucrose moiety of these saccha-
rides. The specificity for neokestose homologs
seems to be characteristic of the asparagus SST
and such a specificity has not been reported for
Jerusalem artichoke SST.

66 (1-5-D-fructofuranosyllnsucrose +sucrose—-
1¥-3-D-fructofuranosyl-6¢ (1-8-D-fructo-
furanosyl)n sucrose+glucose

3) The enzyme does not catalyze the fructosyl
transfer from sucrose to 1F (1-8-D-fructofuranosyl)n-
sucrose and 1F (1-g-D-fructofuranosyl)m-6¢ (1-3-D-
fructofuranosyl)s sucrose (m=0).

From the findings described above, the asparagus
SST was confirmed to be similar to but not neces-

sarily identical with Jerusalem artichoke SST.

(5) A fructosyltransferase tentatively termed
6C-fructosyltransferase was purified (760-fold) from
an extract of the asparagus roots by successive
fractionation with ammonium sulfate, treatment
with calcium phosphate gel, and then chromato-
graphy on octyl-Sepharose, DEAE-cellulose, Se-
phadex G-200 and raffinose-coupled Sepharose 6 B
columns. The purified enzyme was homogeneous
disc-electrophoretically and was free from the ac-
tivity of B-fructofuranosidase and other fructosyl-
transferases. Properties of the enzyme are as fol-
lows: mol. wt., ca. 69,000; opt. pH, ca. 55; pH-
stability on heating at 45°C, stable at pH 5.0-6.0;
thermal stability on heating for 10 min., stable at
20-37°C; inhibited by Hg?t, p-chloromercuriben-
zoate and Ag+.

Substrate specificity of the enzyme is summari-
zed as follows.

1) The enzyme catalyzes the fructosyl transfer
(“self-transfer”) between two molecules of 1F(1-3-
D-fructofuranosyl)n sucrose. This transfer occurs
at the C-6 (OH) position of glucose moiety to
produce an oligosaccharide having an additional
one unit of fructose. When the lower member
saccharides of this series are employed, the trans-
fer proceeds more rapidly. Sucrose, however, does

not serve as a substrate.

2X1F (1-8-D-fructofuranosyln sucrose—=1F (1-
B-D-fructofuranosyl)n-6%-3-D-fructofuranosyl-
sucrose+1¥ (1-3-D-fructofuranosyl)n—1 sucrose
n>0

2) The enzyme catalyzes the transfer of the
terminal fructosyl residue of 1-kestose to the C-6
(OH) position of glucose moiety in 1F (1-5-D-fructo-
furanosyl)n sucrose. The transfer procceds most
rapidly when n=1. Inulin does not serve as ac-

ceptor.
1-kestose +1F (1-3-D-fructofuranosyl)n sucrose
—=1F (1-8-D-fructofuranosyl)y-66-5-D-fructo-
furanosyl sucrose+sucrose #=0

3) The enzyme also catalyzes the “self-transfer”

between two molecules of neokestose.

2Xneokestose 1F, 6G-di-5-D-fructofuranosyl-
sucrose+66¢ (1-3-D-fructofuranosyl), sucrose+

sucrose

The enzymological properties as mentioned above
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indicate that this asparagus enzyme is one of the
new type of fructosyltransferases. Thus, the name
1F(1-A-D-fructofuranosyl)m sucrose: 1¥(1-8-D-fructo-
furanosyl)n sucrose 6G-fructosyltransferase (trivial
name, 69-fructosyltransferase; abbreviated name,
66-FT) is proposed for this enzyme.

(6) A fructosyltransferase tentatively termed
1F-fructosyltransferse was purified (298-fold) from
an extract of the asparagus roots by successive
fractionation with ammoninum sulfate, treatment
with calcium phosphate gel, and then chromato-
graphy on DEAE-cellulose, octyl-Sepharose, Sepha-
dex G-200 and raffinose-coupled Sepharose 6B
columns. The disc-electrophoretically homogene-
ous enzyme, free from the activity of S-fructo-
furanosidase, SST and 6C¢-FT, showed a mol. wt.
of ca. 64,000 and an opt. pH of ca. 50. It was
stable at pH 5.0-6.0 on heating at 45°C for 20 min.
and for 10 min. at 30-45°C, but it was inhibited
by Hg?+, p-chloromercuribenzoate, Ag® and Cu?+.

Substrate specificity of the enzyme is given
below.

1) The enzyme catalyzes the fructosyl transfer
(“self-transfer”) between two identical oligosac-
charides [1F (1-8-D-fructofuranosylln sucrose] to
yield an oligosaccharide bonded with an additional
one unit of fructose. In this case, the transfer of
a single terminal fructose in a donor saccharide
to an acceptor saccharide occurs at the C-1 (OH)
position of fructosyl moiety in the latter saccha-
rides. Sucrose is inadequate for a substrate of
the “self-transfer”.

2) The enzyme catalyzes also the “self-transfer”
between two identical neokestose-series saccharides
[1F (1-A-D-fructofuranosyl)m-6% (1-3-D-fructofurano-
syln sucrose]l. The fructosyl transfer proceeds in
a similar manner to that of 1F (1-8-D-fructofurano-
syln sucrose described just above. Neokestose,
however, cannot serve as a substrate of the “self-
transfer”. Therefore, the enzyme seems to be
unable to transfer a fructosyl residue linked to
the C-6 {(OH) position of glucose moiety in 1F (1-3-
D-fructofuranosyl)n-66-8-D~fructofuranosyl sucrose.

3) The enzyme catalyzes the fructosyl transfer
from 1l-kestose to the C-1 (OH) position of a ter-
minal fructosyl residue in 1F (1-3-D-fructofurano-
syl)n sucrose and 1F (1-5-D-fructofuranosy!)m-6G (1-
S-D-fructofuranosyl)n sucrose (m and #=0). For
the fructosyl acceptors, the latter saccharides. are

more favourable than the formers. In general,
the fructosyl transfer tends to occur favourably
in the acceptor saccharides comprised of a small
numbers of fructosyl residues. In neokestose-
series saccharides, the fructosyl transfer tend to
occur preferentially at a terminal fructose residue
situated in the shorter fructosyl chain than in the
longer one. Inulin does not accept fructosyl resi-
dues from 1-kestose.

From the analogy to 6G-fructosyltransferase, the
fructosyltransferase described above is termed 1F-
fructosyltransferase (1F-FT).

(7) From the studies on the substrate specifici-
ties of SST, 66-FT and 1F-FT, a biosynthetic me-
chanism of the fructo-oligosaccharides in asparagus
roots could be proposed as shown in Fig. 53.

Sucrose (disaccharide), 1l-kestose and neokestose
(trisaccharides) are key metabolites in the enzy-
matic synthesis of the asparagus oligosaccharides.
SST, 66-FT and 1¥-FT are the most important
enzymes involved in the main pathway of the
biosynthetic system, although they also catalyze
several fructosyl transfer associated with the side
reactions.

1) 1F(1-3-D-Fructofuranosyl)n sucrose

First, l-kestose (1F-#-D-fructofuranosyl sucrose)
is produced from sucrose by the action of SST.
Next, nystose [1F(1-B-D-fructofuranosyl); sucrose]
is formed from l-kestose by 1F-FT, and then nys-
tose is converted to 1F (1-3-D-fructofuranosyl)s-
sucrose. The higher fructo-oligosaccharides of
this series are synthesized successively in a similar
fashion. On the other hand, 1-kestose can be also
formed by the fructosyl transfer from a donor 1-
kestose to an acceptor sucrose by 17-FT.

2) Neokestose (66-3-D-fructofuranosyl sucrose)

Neokestose is synthesized by the transfer of
fructosyl residue from l-kestose to sucrose with
6G-FT.

3) 6C(1-8-D-Fructofuranosyl)n sucrose

For example, 6% (1-G-D-fructofuranosyl), sucrose
is formed by the fructosyl transfer from 1-kestose
to neokestose with 1F-FT. Also, 6¢ (1-3-D-fructo-
furanosyl); sucrose is produced in a similar manner
by the fructosyl transfer to 66 (1-8-D-fructofurano-
syl), sucrose.

4) 1F (1-8-D-Fructofuranosyl)n-6¢-3-D-fructofura-

nosy! sucrose

1¥, 6G-Di-fS-D-fructofuransylsucrose is synthesized
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by the fructosyl transfer from 1l-kestose to neo-
kestose with 1¥F-FT. Also, 1F (1-3-D-fructofurano-
syl)y-69-8-D-fructofuranosylsucrose is produced si-
milarly by the fructosyl transfer from 1l-kestose
to 1F, 66-di-8-D-fructofuranosyl sucrose.
5) 1F(1-5-D-Fructofuranosyl)m-6¢ (1-3-D-fructo-
furanosyl)n sucrose

For instance, 1F-8-D-fructofuranosyl-6¢(1-5-D-
fructofuranosyl), sucrose is synthesized by the
fructosyl transfer from l-kestose to 6% (1-8-D-fruc-
tofuranosyl), sucrose with 1F-FT. Higher oligosac-
charides of this series are presumed to be pro-
duced stepwise by the successive fructosyl trans-

fer.
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Fig. 53. Pathway of Enzymatic Synthesis of Fructo-oligosaccharides
in Asparagus Roots.



