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The possible involvement of potato (Solanum tuberosum L.)
starch-branching enzyme I (PSBE-I) in the in vivo synthesis of
phosphorylated amylopectin was investigated in in vitro experi-
ments with isolated PSBE-I using 33P-labeled phosphorylated and 3H
end-labeled nonphosphorylated a(134)glucans as the substrates.
From these radiolabeled substrates PSBE-I was shown to catalyze
the formation of dual-labeled (3H/33P) phosphorylated branched
polysaccharides with an average degree of polymerization of 80 to
85. The relatively high molecular mass indicated that the product
was the result of multiple chain-transfer reactions. The presence of
a(136) branch points was documented by isoamylase treatment
and anion-exchange chromatography. Although the initial steps of
the in vivo mechanism responsible for phosphorylation of potato
starch remains elusive, the present study demonstrates that the
enzyme machinery available in potato has the ability to incorporate
phosphorylated a(134)glucans into neutral polysaccharides in an
interchain catalytic reaction. Potato mini tubers synthesized phos-
phorylated starch from exogenously supplied 33PO4

32 and
[U-14C]Glc at rates 4 times higher than those previously obtained
using tubers from fully grown potato plants. This system was more
reproducible compared with soil-grown tubers and was therefore
used for preparation of 33P-labeled phosphorylated a(134)glucan
chains.

Starch is composed of the two polymers, amylose and
amylopectin. The amylose molecules are essentially linear
a(134)glucan chains, whereas the amylopectin molecules
are highly branched and often contain small amounts of
covalently bound phosphate (Hizukuri et al., 1970). Potato
tuber starch is characterized by a high content of phosphate
relative to cereal starches (Rooke et al., 1949; Hizukuri et
al., 1970). The phosphate groups are located as monoesters
at the C-6 (approximately 70%) and at the C-3 (approxi-
mately 30%) positions of the Glc residues (Hizukuri et al.,
1970; Takeda and Hizukuri, 1982). Phosphorylation levels
differ by 3-fold among potato varieties (Bay-Smidt et al.,
1994) and strongly depend upon growth conditions (Ni-
kuni et al., 1969). Small starch granules contain approxi-
mately 25% more bound phosphate per Glc residue than
large granules, whereas the overall level of phosphoryla-
tion does not depend on tuber size (Nielsen et al., 1994).

In a previous study it was found that phosphorylation
occurs concurrently with de novo synthesis of starch in
potato (Solanum tuberosum L.) tuber discs (Nielsen et al.,
1994). However, the mechanism underlying phosphoryla-
tion of starch remains elusive. Neither the identity of a
phosphorylated intermediate, which could be incorporated
in the a(134)glucan chains, nor the enzyme system re-
sponsible for its incorporation are known.

Since amylopectin is phosphorylated and amylose is not,
it is of interest to determine whether the potato SBE (EC
2.4.1.18) can utilize phosphorylated glucans as a substrate.
In the present study we have tested the possible involve-
ment of SBE in the formation of phosphorylated starch. The
normal mode of action of SBE is to catalyze the cleavage of
an a(134)glucosidic linkage followed by a condensation of
the released a(134)glucan to an acceptor chain thereby
introducing an a(136)glucosidic linkage. The catalytic
mechanism may involve sequential binding of the acceptor
chain and then the donor chain (Borovsky et al., 1976) or,
alternatively, binding of two a(134)glucan chains that
have formed a double helix.

Glucans with a DP of less than 40 do not serve as a
substrate for PSBE-I at 30°C (Borovsky et al., 1976). How-
ever, at lower temperatures, where double-helix formation
is facilitated, shorter chains do serve as substrates, and the
presence of branch points stimulates the rate of catalysis
(Borovsky et al., 1975b). This would suggest that PSBE-I
acts on an a(134)glucan double helix rather than on two
unassociated a(134)glucan chains. Further support for this
hypothesis has been provided by monitoring the associa-
tion of PSBE-I to linear malto-oligosaccharides (Blennow et
al., 1998b). Maximal association took place with chains
with a DP of 10 to 15, which coincides with the minimal
chain length of 10 Glc residues that are required for initial
double-helix formation by linear maltooligosaccharides
(Gidley and Bulpin, 1987). Accordingly, an involvement of
SBE in the synthesis of phosphorylated amylopectin would
require that the enzyme be able to use phosphorylated
a(134)glucans having a DP of 10 to 15 or preferably larger
as a substrate. Such phosphorylated glucans can be derived
from potato tuber starch by debranching with isoamylase
(Blennow et al., 1998a). A radiolabeled version of the glu-
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cans can be obtained by in vivo labeling beforehand of the
starch-bound phosphate, as described by Nielsen et al.
(1994). Using such 33P-labeled a(134)glucans and non-
phosphorylated a(134)glucans labeled with 3H at the re-
ducing end as the substrates, we demonstrate that PSBE-I
catalyzes chain-transfer reactions using the phosphory-
lated linear glucans as donors to form branched phosphor-
ylated polysaccharides.

MATERIALS AND METHODS

Chemicals and Reagents

Chemicals and phosphorylase a from rabbit muscle were
supplied by Sigma, isoamylase was from Megazyme (Syd-
ney, Australia), a-amylase (Termamyl Type L) was from
Novo Nordisk A/S (Bagsværd, Denmark), and radiochemi-
cals were from Amersham.

Plant Material and in Vitro Culture

Potato (Solanum tuberosum L. cv Dianella) plants were
grown in the greenhouse as described previously (Nielsen
et al., 1994). Tubers with a diameter of approximately 5 cm
were harvested from 4-month-old plants, rinsed in tap
water, and used immediately for incubation experiments.

Mini tubers were grown as described by Visser et al.
(1994) with the following modification: Sterile, in vitro-
grown plants, used as donor plants, were initially obtained
by placing surface-sterilized stem sections from
greenhouse-grown plants on shoot-inducing medium. The
in vitro potato plants were grown at 22°C using a 14-h light
period (160 mmol m22 s21). For tuber induction, a stem
section (1 cm) with one resting auxiliary bud and one fully
developed leaf was excised from a donor plant. The leaf
was removed and the stem was transferred to tuber-
inducing medium and placed in darkness at 14°C. After 4
weeks, the formed tubers (3 mm in diameter) were har-
vested and used immediately for experiments.

Radiolabeling Experiments

Incubation of Mini Tubers

Six mini tubers (each approximately 100 mg fresh
weight) were cut into halves and incubated for 4 h (total
volume: 100 mL) in 300 mm Glc and 3.7 MBq 33PO4

32 or in
300 mm sorbitol and 74 kBq [U-14C]Glc at room tempera-
ture. Three potato tuber discs (each approximately 100 mg
fresh weight) were excised from soil-grown tubers (5 cm in
diameter) as described previously (Nielsen et al., 1994) and
incubated in the same way as the mini tubers.

Isolation of Starch Granules

Starch granules were isolated and washed as described
previously (Nielsen et al., 1994), incorporating two addi-
tional washes of the starch in 10 mL of 100 mm phosphoric
acid for 5 min at room temperature.

Isolation of 33P-Labeled Phosphorylated a(134)Glucans

Isolated 33P-labeled starch (approximately 10 mg) from
the incorporation experiment was gelatinized (2 mL of
water, 5 min, 100°C). After addition of sodium acetate (pH
4.0) to a final concentration of 50 mm, the starch was
debranched by isoamylase (2 units, 2 h, 37°C). After the
incubation period, the enzyme was inactivated by boiling
(5 min) and the phosphorylated glucans produced were
isolated using anion-exchange chromatography (DEAE-
Sepharose, Pharmacia) as described in Blennow et al.
(1998a). The 33P content of each fraction was quantified by
liquid-scintillation counting. Total sugar content was de-
termined using the phenol sulfuric acid method (Dubois et
al., 1956). After separation of the neutral and phosphory-
lated glucans, the material was lyophilized and used im-
mediately for experiments.

For enzymatic degradation, the phosphorylated glucans
(0.1 mg) were dissolved in 0.5 mL of 5 mm Mes, 4 mm
CaCl2, pH 6.5, and incubated with a-amylase (1 unit, 2 h,
25°C). After incubation, a 100-mL sample was immediately
applied to a CarboPac PA-100 anion-exchange column (see
below) and analyzed using the method described by Blen-
now et al. (1998a).

Synthesis of a(134)Glucans and Reduction with NaB(3H)4

a(134)Glucans were synthesized by incubating (37°C,
20 h) phosphorylase a from rabbit muscle (100 units) in 20
mL of 0.35 mm maltoheptaose, 60 mm Glc-1-P, and 1 mm
AMP (pH 7.0). After inactivation of the enzyme (100°C, 5
min), the resulting glucan fraction was precipitated with
80% (v/v) ethanol, lyophilized, and stored at 220°C.

A modification of the method of Borovsky et al. (1976)
was used to chemically synthesize a 3H-labeled nonphos-
phorylated a(134)glucan substrate. Neutral glucans (1
mg) in 100 mL of 0.1 n NaOH were reacted with 0.5 MBq
NaB(3H)4 (25°C, overnight). To ensure quantitative reduc-
tion of all reducing ends, a surplus of unlabeled NaBH4 (2
mg in 200 mL of 0.1 n NaOH) was added and the reaction
allowed to continue for an additional 2 h. Surplus reagent
was destroyed by addition of 1 n HCl until no more
hydrogen evolved. Precipitated borate was removed by
application of the sample to an NAP-10 column (Pharmacia)
and elution of the a(134)glucans was performed with 1.5
mL of 50 mm phosphate buffer (pH 7.5). The 3H-end-labeled
a(134)glucan fraction was used immediately.

Chain-Transfer Experiment

PSBE-I was isolated to homogeneity from potato tubers
by affinity chromatography. The isolated PSBE-I was free
of amylases and other hydrolytic activities, as analyzed by
activity measurements and zymogram analysis using the
method described in Viksø-Nielsen et al. (1998). For chain-
transfer experiments, PSBE-I (10 ng) was incubated (25°C,
2 h) with 33P-labeled phosphorylated a(134)glucans (1
mg, solubilized in 0.25 mL of 0.1 n NaOH and neutralized
with 0.1 n HCl) and with 3H-labeled a(134)glucans (1 mg)
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in 0.5 mL of 50 mm sodium phosphate buffer, pH 7.5, 0.05%
n-octylglucoside, and 0.1 mg/mL BSA.

The enzyme was inactivated by boiling (5 min), and the
resulting product was applied to an anion-exchange col-
umn (1 3 5 cm, DEAE-Sepharose) equilibrated in 5 mm
Mes, pH 8.0. Neutral glucans were washed off the column
with 15 mL of water. The phosphorylated glucans were
subsequently eluted using 15 mL of 100 mm NaCl and 10
mm HCl (1.5-mL fractions).

Gel-Permeation Chromatography

The molecular mass distribution of the substrates and the
phosphorylated product obtained from the chain-transfer
reaction was analyzed using a column (830 3 26 mm) of
Sephacryl S-200 (Pharmacia) as described elsewhere (Blen-
now et al., 1998a) and calibrated using a mixture of linear
a(134)glucans as molecular mass markers.

HPAEC

A DX 500 system (Dionex Corp., Sunnyvale, CA)
equipped with an S-3500 autosampler and fitted with a
CarboPac PA-100 column was used to analyze the isolated,
neutral, and phosphorylated a(134)glucan chains (Blen-
now et al., 1998a).

Liquid-Scintillation Counting

The incorporation of 33PO4
32 and [U-14C]Glc into starch

was measured using a WinSpectral 1414 liquid-scintillation
counter (Wallac, Helsinki, Finland) with WinSpectral ver-
sion 1.0 software and Ecoscint A scintillation liquid (Na-
tional Diagnostics, Manville, NJ). Samples containing 3H
and 33P were counted using a separate isotope library for
each isotope and automatic correction of curve overlaps.

RESULTS

Incorporation of Phosphate into Starch

Incorporation of 33PO4
32 and [U-14C]Glc into starch us-

ing mini tubers was found to be 4-fold more effective than
incorporation into potato tuber discs (Table I). The incor-
poration was linear with time for up to 4 h and continued
for at least 14 h (data not shown). These results are similar
to those previously reported with potato tuber discs
(Nielsen et al., 1994). On this basis, the mini tuber system

was chosen as the optimal experimental system for produc-
tion of radiolabeled phosphorylated a-glucan chains.

Isolation and Characterization of 33P-Labeled
a(134)Glucan from Debranched Starch

Phosphorylated a(134)glucan chains were isolated from
isoamylase-debranched starch by anion-exchange chroma-
tography. The neutral glucan chains were eluted from the
column with 5 mm Tris-HCl, pH 7.5 (Fig. 1, fractions 1–6),
and the phosphorylated glucan chains were subsequently
eluted with 100 mm NaCl and 10 mm HCl, pH 2.0 (fractions
13–18).

The isolated phosphorylated glucans were lyophilized,
redissolved in 0.1 n NaOH, and fractionated by HPAEC.
The possible occurrence of phosphorylated glucan chains
carrying more than one phosphate group and a varying
internal location of the phosphate group in each glucan
chain combined with the variability in chain length re-
sulted in a broad elution profile. The radioactivity eluted in
the same fractions as the phosphorylated glucan (Fig. 2, A
and B). To ensure that all the 33P label originated from
phosphate groups bound to a(134)glucan, a fraction of the
isolated 33P-labeled molecules was degraded with
a-amylase and analyzed similarly. The elution profile ob-
tained (Fig. 2C) was that expected from the conversion of
phosphorylated glucan into a shorter oligosaccharide. The
superimposable labeling pattern (Fig. 2D) documents that
the 33P label detected in the nondegraded sample (Fig. 2B)
is bound to the a(134)glucan chains.

Synthesis of a(134)Glucan using Phosphorylase a

To create a second, well-defined substrate for PSBE-I,
nonphosphorylated a(134)glucan was synthesized from
Glc-1-P using phosphorylase a and maltoheptaose as a
primer. The chain-length distribution of the precipitated
glucan fraction was determined by HPAEC and revealed

Figure 1. Isolation of 33P-labeled phosphorylated a(134)glucans
by anion-exchange chromatography of isoamylase-debranched
starch isolated from potato mini tubers. The phosphorylated glucans
were eluted with 100 mM NaCl and 10 mM HCl, pH 2.0. Bars
represent radioactivity originating from 33P-labeled phosphorylated
a(134)glucans.

Table I. Incorporation of [U-14C]Glc and 33PO4
32 into starch

using potato tuber discs and potato mini tubers after 4 h of
incubation

Values are 6 SE (n 5 3).

Tissue
Radioactivity

[U-14C]Glc 33PO4
32

dpm mg21 a(134) glucan

Tuber discs 250 6 40 490 6 70
Mini tubers 950 6 60 2400 6 120
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an approximately binomial distribution peaking at DP 33
(Fig. 3). To produce a 3H-labeled substrate distinguishable
from the 33P-labeled phosphorylated glucan chains, the
free anomeric center was reduced with NaB(3H)4.

Chain Transfer Catalyzed by PSBE-I

The 33P- and 3H-labeled a(134)glucans were tested as
the substrates for PSBE-I, which was isolated to homoge-

neity (Fig. 4) by affinity chromatography (Viksø-Nielsen et
al., 1998). After incubation of the 33P- and 3H-labeled glu-
cans with PSBE-I, one-half of the reaction mixture was
applied to an anion-exchange column to separate the neu-
tral and phosphorylated products obtained from the chain-
transfer process. As expected, the neutral products were
exclusively 3H labeled. In contrast, the eluted phosphory-
lated products were co-labeled with 3H and 33P (Fig. 5A).

Figure 2. A, Elution profile of 33P-labeled phosphorylated a(134)glucan chains as determined by HPAEC/PAD. B,
Distribution of 33P radioactivity in 1-mL fractions of the anion-exchange eluate of A. C, Elution of a-amylase limit
phosphorylated a(134)glucan. D, Elution of 33P radioactivity in 1-mL fractions of the anion-exchange eluate in C. nC,
Nanocoulombs.

Figure 3. Distribution of neutral a(134)glucan chains synthesized with
phosphorylase a from maltoheptaose and Glc-1-P as determined by
HPAEC/PAD using a CarboPac PA-100 column. nC, Nanocoulombs.

Figure 4. SDS-PAGE and zymogram of PSBE-I isolated to homoge-
neity by g-cyclodextrin-affinity chromatography. Lane A, SDS-PAGE
of isolated PSBE-I. Lane B, Zymogram of isolated PSBE-I. The loca-
tion of the SDS-PAGE molecular weight markers (Mr 116,000,
66,000, 45,000, and 27,000) are indicated on the left.
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This indicates that PSBE-I has catalyzed a chain-transfer
reaction, resulting in the formation of a covalent linkage
between the 33P- and 3H-labeled a(134)glucans.

To demonstrate the presence of a(136)linkages in the
3H/33P-labeled products, the second half of the original
reaction mixture was debranched with isoamylase. Separa-
tion of the debranched glucans by anion-exchange chroma-
tography revealed a clear separation of the 33P- and 3H-
labeling into distinct peaks (Fig. 5B). This proves that
PSBE-I has formed a(136)linkages between the 3H- and
33P-labeled glucans.

The molecular mass distribution of the 3H- and 33P-
labeled substrates and the products generated in the chain-
transfer process (Fig. 5A, fractions 11–16) were determined
using gel-permeation chromatography (Fig. 6, A, B, and C,
respectively). Two major groups of products were gener-
ated (Fig. 6C). The first group of products eluted around
210 mL and was labeled with 3H and 33P and had a main
peak around DP 80 to 85. The broad peak obtained indi-
cates that the products synthesized in the chain-transfer
process are complex oligosaccharides most likely contain-
ing more than one branch point. The second minor group
of products eluted at 320 mL and was exclusively labeled
with 33P.

DISCUSSION

In the present study we have demonstrated that potato
mini tubers efficiently incorporate administered [U-14C]Glc
and 33PO4

32 into a phosphorylated starch. Earlier, Nielsen
et al. (1994) used potato tuber discs as a model system for
analysis of starch biosynthesis. The mini tuber system is
superior to the tuber discs system because phosphorylated
starch is synthesized at a rate that is 4 times higher (Table
I). Furthermore, the physiological status of the mini tubers

Figure 5. Anion-exchange chromatography (DEAE-Sepharose) of
products obtained from a PSBE-I-catalyzed chain-transfer reaction.
A, Products from PSBE-I-catalyzed chain-transfer reactions. B, Sam-
ple as in A debranched with isoamylase. Black bars represent radio-
activity originating from 33P-labeled phosphorylated a(134)glucans.
White bars represent radioactivity originating from 3H end-labeled
groups.

Figure 6. Gel-permeation chromatography of substrates and prod-
ucts in the PSBE-I catalyzed chain-transfer reactions. A, Distribution
of 3H end-labeled a(134)glucans (Fig. 3) used as a substrate for
PSBE-I. B, Distribution of 33P-labeled phosphorylated a(134)glucans
isolated from potato mini tubers (Fig. 1, fractions 13–18) used as a
substrate for PSBE-I. C, Distribution of the products obtained from
PSBE-I-catalyzed chain-transfer reactions (Fig. 5A, fractions 11–16)
after removal of neutral chains by anion-exchange chromatography.
The elution pattern of phosphorylase a-synthesized standards with a
mean DP of 33, 42, and 83 is indicated. V0, Void volume. F,
Radioactivity originating from 33P-labeled phosphorylated
a(134)glucans; E, radioactivity originating from the 3H-labeled end
groups; and M, total sugar in mg mL21.
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is well defined because they are synchronized with respect
to age and size (Visser et al., 1994), thus providing a highly
reproducible experimental system. In contrast, the physio-
logical status of tubers harvested from normal potato
plants varies, since some tubers may be actively growing
while others of the same size are resting, as evidenced by a
much lower activity of the starch biosynthetic machinery.
Mini tubers thus constitute a suitable experimental system
for the production of 33P-labeled phosphorylated
amylopectin-derived glucan chains. The elution profile of
the phosphorylated glucans obtained by HPAEC/PAD
(Fig. 2A) was similar to the elution profiles of phosphory-
lated glucans isolated from fully grown potato plants
(Blennow et al., 1998a).

The marked preferential occurrence of phosphate in
amylopectin compared with amylose suggests a functional
link between the branching reactions and the mechanism of
starch phosphorylation. The first studies on the substrate
specificity of potato SBE using defined substrates were
conducted by Borovsky and co-workers (Borovsky et al.,
1975a, 1975b, 1976). However, there are no reports in the
literature on investigations using phosphorylated glucans
as a substrate for any of the isoforms of SBE.

To specifically monitor the occurrence of chain-transfer
reactions, the 33P-labeled phosphorylated a(134)glucans
were used in combination with nonphosphorylated 3H-
end-labeled linear a(134)glucan chains (Fig. 6, A and B,
respectively). The phosphorylated products were isolated
by ion-exchange chromatography. Size fractionation by
gel-filtration chromatography revealed the formation of
dual-labeled (3H/33P) polysaccharides with masses in the
range of 8,000 to 15,000 D, indicating that they are the
products of chain-transfer reactions (Fig. 6C). The minor
fraction in the mass range of 4,500 to 6,000 D (eluting
around 320 mL) could be phosphorylated a(134)glucan
chains that were not used by PSBE-I in the chain-transfer

reaction or residual fragments cleaved by PSBE-I during
the reaction.

Two hypothetical PSBE-I catalyzed chain-transfer mech-
anisms are outlined in Figure 7. In reaction A, a product
containing radioactivity originating from both the 3H-
labeled end group and the 33P-labeled phosphate group is
formed. Such products were indeed isolated (Fig. 5A),
documenting that reaction A has taken place. Thus, we
conclude that PSBE-I is capable of using a phosphorylated
glucan as a donor chain. We can neither verify nor rule out
that the enzyme also can use a phosphorylated glucan as an
acceptor chain (reaction B). If reaction B proceeds, two
mono-labeled products containing either 33P or 3H would
be formed. In this case the 33P-labeled product would
contain a negatively charged phosphate group, and this
glucan would co-elute with the product formed in reaction
A during anion-exchange chromatography. The third pos-
sibility of a chain-transfer reaction catalyzed by PSBE-I,
namely an intra-chain transfer involving phosphorylated
glucans, cannot be verified nor ruled out using the meth-
ods used in this study. A product originating from an
intra-chain transfer process cannot be distinguished from
the phosphorylated products isolated in Figure 5A, since it
will co-elute with the other phosphorylated products due
to the negatively charged phosphate group.

SBE is localized on the starch granule surface (Kram et
al., 1993) or strongly bound to starch granules (Larsson et
al., 1996) and supposedly would integrate soluble-
phosphorylated a(134)glucans into amylopectin by reac-
tion A (Fig. 7). This would require long and unbranched
glucan chains protruding from the granule surface, as pro-
posed by Lineback (1986), and the existence of phosphor-
ylated, soluble glucans. The possible involvement of
PSBE-I in introducing soluble a(134)glucans into amyl-
opectin is supported by an observed increase in the pool of
soluble glucans in potato tubers in which the activity of

Figure 7. Model of a simple inter-chain-transfer process mediated by potato SBE-I involving one phosphorylated a(134)glu-
can chain and one neutral chain. In reaction A, the phosphorylated a(134)glucan is used by PSBE-I as the donor chain. The
phosphorylated a(134)glucan is cleaved and an a(136)linkage is formed to the 3H-labeled a(134)glucan. This reaction
leaves an unlabeled residual fragment (RF). In reaction B, the phosphorylated chain is used as the acceptor chain by PSBE-I.
In this reaction, the 3H-labeled end is cleaved off of the donor chain and subsequently an a(136)linkage is formed to the
phosphorylated acceptor chain. This reaction leaves a residual fragment containing the 3H-labeled end group. Phosphate
groups are indicated with F; ø represents the reducing end, whereas *ø represents a 3H-labeled end group. Arrows indicate
the direction of formation of the a(136)glycosidic bond.
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PSBE-I has been lowered by antisense techniques (Koss-
mann et al., 1997). a(134)Glucans have been proposed to
affect starch synthesis in potato tubers (Denyer et al., 1996).
Potato tubers do contain small amounts of soluble,
branched a(134)glucans, which can be detected by
HPAEC analysis (data not shown). These glucans are prob-
ably synthesized in the amyloplast stroma by soluble,
starch synthases or by a plastidic phosphorylase isoform
with an affinity for low-molecular-mass linear a(134)glu-
cans (Steup, 1988). The amount of soluble glucans that can
be obtained is too low to permit an analysis of their phos-
phate content. Soluble a(134)glucans may also originate
from the trimming or editing of the amylopectin molecule
by debranching enzymes or amylases (Ball et al., 1996;
Mouille et al., 1996). If phosphorylated a(134)glucans are
derived from a glucan-trimming process, the chain transfer
of phosphorylated a(134)glucans mediated by PSBE-I
may not be the primary way of phosphorylating starch. In
this case, it would constitute a way to reintroduce the
liberated phosphorylated a(134)glucans into amylopectin.

The current study documents that phosphorylated
a(134)glucans participate in PSBE-I-catalyzed a-glucan-
transfer reactions. It remains to be established whether this
is a characteristic of potato SBEs and is thus a discriminat-
ing factor with respect to the formation of phosphorylated
amylopectin, or whether SBEs from other plants likewise
are able to utilize phosphorylated a(134)glucans for the
production of phosphorylated amylopectin. The latter case
would imply that the ability to form phosphorylated glu-
cans is restricted to plants producing phosphorylated
starch.
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