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Abstract

I'hlein (2 2, 6 fructosan) synthesis in Phicaon praiease was examined using UNC fructose and
5 3 !

SUCTO8Ee,

haplocorm, while phlein [rom suerose only in haplocorn.
aucrose by the enzvme from haplocorm, but phlein was nat,

involvernent of nucleotide sugars in phlein synthesis,

Introduction

Fructosans oceurring in higher plants are grouped
into inulin (g 2.1) and phlein (8 2.6) in terms of
fructose linkage. In general temperate grasses ace
cumulate phlein as principal carbohvdrates in stems
and leaves.  Inulin synthesis has been investigated by
many workers"”* ®" hut we have only a few studies
o phlein synthesis in grasses'™ ™M PoLLoCk
has recently suggested the involvement of sucrose in
its formation from the time course distribution of
sugars in the leaf base of Dactvlis glomerata fed with '
CO

mechanism has not been tully elucidated,

Up to the present, however, the synthetic
The aim
of this study ig to clarify more details of the polymer
synthesis in stem and haplocorm of plidewm prateis

using lahelled sucrose and fructose.
Materials and Methods

Plant malcrials and preparalion of sugars

Phicion prafense (ev, Climax) was grown i the
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Oligosaccharides were actively syvnthesized from fructose or sucrose in both stem and

Oligasaccharides were also formed from

No evidence was oblained of the

Experimental Farm of Obihiro University as des-
cribed ina previous paper ™. The upper part of stem
{about 15 em) and root tip were cut off. A radio-
active sugar was absorbed o the excised plants
2 mi

After [eeding a labelled

from the roots i a test tube which contained (.
of sugar solution (50 kCi).
compound al 20 C for 2 h, stem and haplocorm were
ecround in a chilled mortar, separately. To the til-
trate through gauze were added successively zine
sulfate and barium hvdroxide solutions to remove
preteins as previously described™. The supernatant
abtained by centrifugalion at 8.000 ¢ for 5 min was
treated with Amberlite IR 4B and Dowex 508,
respectively, tollowed by frecze drving, The powder
was dissolved in 2m/ of water for the analysis of
sugar.
Clivomatograply and wcaswrewmen! of radioectioity
Descending paper chromatography was carried out
using # propanol : ethvl acetate: water (7: 1: 2V,
VY or ethanol : ammonium acetate (pll 7.5, IM) (7.5

SV V) as solvent. The sample applied was 0.2 m/.
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The spots of sugars were developed with 0.2%
naphtho resorcinol phosphate reagent®.  Autoradio-
gram was prepared hy contact of the above paper
chromtogram with X ray film for 3 weeks in the
dark.  One milliliter of the sample was chromato
graphed on Sephadex G 75 colummn (2.2 % 50 cm) using
water as eluant at a flow rate of 20m//h. The
eluate was collected in 4 m/ franction. The sugar
concentration in each fraction was determined by
anthrone reagent'".

The radioactivities of the spol on paper chromato-
gram and of the eluate by gel filtration were mea-
sured by liquid scintillation counting.

Enzvme preparation and yeaction

One hundred grams ol haplocorms were homogeniz-
cd mm 100m{ of Tris HCI buffer (pH 7.2, 50 mM)
containing 10 mM ascorbic acid at 4 C for 5 min using
a mixer. Filtered through gauze, the homogenate
was centrifuged at 10,000« g at 0 C for 10 min. The
supernatant was saturated up o 90% with am-
monium sulfate and left for 1 h at room temperature,
followed hy centrifugation at 10.000 = g at 0 C for 20
min. The precipitate was dissolved in 10 mé of Tris

HCI buffer (pH 7.2 5 mMi containing 1 mM ascrbic
acid over night.  The dialvsate was used as enzyme
preparation.  The reaction mixture consisted of 1 m/
of enzyme solution and 2 m/ of phosphate buffer (1/15
M, pllI 5 or 7) including substrates.  After incubation
at 30 C. 200 gl of the sample, from which proteins
were previously removed, were spotted on a filter
paper for chromatography.  The radioactivity of the
spot developed with the reagent was measured as
described above.

Chemicals

U™C sucrose and U0 fructose were purchased
from New England Nuclear Chemicals, and adenosine
triphosphate (ATD), guanosine triphosphate (GTP)
and uridine triphosphate (U'TP) from Kyowa lHakko
Industry Co. Ltd.

corms of P. pratense as reported earlier'®,

Phlein was prepared from haplo-
Infrared
absorption spectrum of our compound was the same

as that of phlein reported by Suzuk!'™.
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Results

In vivo svuthesis of sacchavides in stem and haplo-
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Fig. 1. Mutoradiogram ol sugars
L Hiem with fruetuse— (1400, B .
Haplocorm ted with fruztose— (1),
Ve Spem fod with sucrose (14,
i1 Haplocorm fed with sucrose— (140

The autoradiogram (Fig. 1) shows that the radio-
activity of frucrose or sucrose was incorporated into
oligosaccarides and phlein in hoth stem and haplo-
corm. As shown in Table |, sucrose was actively
synthesized from [ructose irrespective of the lissues
tested. The synthesis of oligosaccharides from suc-
ros¢ was almaost the same in stem and haplocorm.
The incorporation of radioactivity [rom sucrose into
phlein of high polvmerization degree was active in

haplocorm, hut nat in stem
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Table 1. sage of skl radieactieny on
cach paper chromalogram
Lelative radioactivine (%)
s e vl U A I ]
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As shown in Fig. 2 the elution profiles and distribu-
tion of radioactive sugars supports again that the

0 er s esis from sucrose was more active i
I_\.']Tl'f *.\']'\th S8 Tram sucrose was mon 0l A m

S
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Fig. 2. lluton profieles

distrantion

| =ngsrs

A radioaetivng
D Sem ded with frielose—
& s [:.||!| a0

C 2 Sreny fed witl suetose— (14, ),

(14.).

rm led with fruetose— (14,0,

Dz Haplocorm Ted swith sueros

haplocorm than in sten

I vitvo synthesis of sacchavides from swerode or

friectose

As shown in Fig. 3, some oligosaccharides were also
formed from sucrose by the enzyme reaction, but the
transfer of fructose residues into phlein was not
recognized even in the presence of the polymer.
Essentially the same results were obtained in the
ATP: WUTP s GTP

detailed here).

presence of (results are not

Discussion

The imcorporation of label into sugars shows that
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oligosaccharides are actively svnthesized from fruc-
tose or sucrose in both stem and haplocorm, while
active phlein svnthesi= occurs only in haplocorm fed
with sucrose (Figs. 1 oand 2). This suggests that
fructose is not a direct precursor for the polymer

hut

coNversion to sucrose.

synthesis, indirectly  involved  through its

PoLLOCK"™ has recently proposed that phlein seems
to be svnthesized Iy the direct transfer of fructose
residues from sucrose to the growing polyimer chain
on the hasis of steady decline in sucrose and an
cquivalent rise in phlein without a significant ac-
cumulation of olignsaccharides in the leafl base tissue
(hn the

GF

ol Dactylis glomerata after exposure to "CO.

other hand, RocHerR "' stated that
fructosylsucrose plavs an important role in phlein
svithsis as an intermediate from the time variations
in various saccharides in the leaf fragments of Lolivine
ttaficwm fed with radioactive sucrose.  In our experi-
ments the higher radioactivity was found rather in
oligosaccharides than in phlein irrespective of the
(lT'able 1), This that the

mechanism of phlein synthesis in higher plants is

tissues tested SUgEesLs
different from that of bacterial levan® 4.9)

DEDONDER™ reported that a trisaccharide of inulin
type is formed through transfructosviation from suc-
Later
the

transfructosylase highly specific for terminal g-2, 1

rose by the enzyvme from Holwanthus bibervosis.

EDELMAN and DICKEREON " demonstrated that

linked fructosyl residues oecurs in the plant and 1F
[ructosylsucrose 1= a kev intermediate for the syn-
thesis of long chain inulin.  The formation of oligos
accharides by the enzyme was also observed in our
system, but phlein synthesis was not recognized
This supports again that phlein svnthesis may not be
fructose residues

exerted by the direct transfer of

from sucrose.  Production of oligosaccharides is as-
sumed to he due stimply to the transferring action of
invertase as found in many plants,  There is however
a possibility that tailure to detect radioactivily in
phlein i= attributed Lo the presence of phlein hydrola-
s¢ by which the polyimer once [ormed is degraded

again to low molecular saccharides. It has heen

Yosuke Ming and Naoki [RIUDA

proposed  that uridine diphosphofructose in plant
tigsues may he involved in fructosan synthesis!sH20,
The present evidence showed that such a nucleotide is
Con-

sidering all the results in this study, it would appear

not involved in phlein synthesis in P, pratense.

that the polvmer synthesis from sucrose must be more
complicated than a straight forward transfructosy-
lation.  The detailed mechanism should be furhter

investigated using more purified enzyme preparation.
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