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Abstract—Isolated bean (Phaseolus vulgaiis) chloroplasts were used to investigate the mode ot synthesis of
transitory amylose and amylopectin from ADP-glucose Pulse chase experiments showed that labelled glucose
1n amylose decreased when chased with cold substrate as compared to controls A significant portion of this de-
crease appeared in the amylopectin fraction indicating that amylopectin was formed from amylose. However,
time course experiments showed that the rate of amylopectin synthesis 1s higher than that of amylose at the early
stages of incubation, suggesting a certain degree of independent synthesis of the two fractions High concentration
of citrate increased the rate of amylopectin synthesis

INTRODUCTION

THE BIOSYNTHESIS of an amylopectin-like polysaccharide was achieved 30 yr ago by incu-
bating phosphorylase, Q-enzyme and glucose -1-P." However, the manner in which amy-
lose and amylopectin are synthesized is still a matter of controversy.

Several theories have been proposed to explain how amylose and amylopectin are syn-
thesized in vivo. Firstly, Whelan has proposed a compartment theory in which amylose
and amylopectin are synthesized independently.? Secondly, a hypothetical debranching
enzyme is presumed to produce amylopectin from a phytoglycogen precursor.® Finally it
has been suggested* > that during peaks of starch production the Q-enzyme is saturated
around the granule. Consequently, not all «-1-4 chains are converted into amylopectin.
In this case a certain amount of starch is deposited as amylose depending on the overall
rate of starch synthesis.

In this study we have used isolated bean chloroplasts to follow the synthesis of amylose
and amylopectin during transitory starch synthesis. This should approximate in vivo con-
ditions and in this manner the problem of extrapolating results from isolated enzyme sys-
tems should be avoided. Evidence is presented supporting the hypothesis of amylopectin
synthesis via branching of amylose. In addition evidence suggests that branched primer
present in the preparation may act as a glucose receptor from ADP-glucose.

RESULTS AND DISCUSSION

Experiments in which glucose-[1-'#C] was fed to intact wheat plants, indicated that
amylopectin was formed from amylose in the endosperm.® To determine whether amylose
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or amylopectin 1s synthesized first in bean chloroplasts, from the immediate substrate
ADP-glucose,”® a pulse chase experiment was performed Starting with three incubations
of known specific activity, one was diluted at 15 mun with unlabelled substrate and run
for a further 45 min to allow the incorporation of cold substrate. Of the two undiluted
controls, one was incubated for 15 min and the other for 60 min. It was possible to map
the path of labelled glucose by comparing the distribution of '*C in the three incubations.
If amylose and amylopectin were synthesized independently, one would expect the '#C
ratio of amylose to amylopectin to remain constant m all incubations. If amylose was syn-
thesized from amylopectin by a debranching enzyme, **C 1n amylopectin should decrease
accompanied by an increase label in amylose 1n the diluted sample The reverse would be
true if amylose served as the substrate for amylopectin. This 1s, 1n fact. what we observed
in our experiment. Chasing with cold substrate after 15 min resulted 1n a 269, decrease
1 labelled amylose as compared to the control (Table 1). During the same period a signifi-
cant portion of this decrease 1n label was recovered n the amylopectin fraction Thus the
evidence confirms the concept that linear amylose production precedes amylopectin pro-
duction.

TABLe I FATE Of [ 1*CT GLUCOSE FROM ADPG AFTER INCORPORATION INTO STARCH

Time of incubation

(muin) Distribution of radioactivity Label n
ADPG-[!*CT  ADPG-['*C] chase Amylopectin Amylose Total amylose
dpm dpm dpm %
60 — 11787 9806 21593 45
15 — 5043 3290 8333 39
15 45 8307 1219 9526 13

Except for the concentration of ADP-['*C] glucose, reaction mixtures and assay conditions were as specified
in the Experimental section Pulse chase 09 umol (32 x 10° dpm/umol) for 15 min followed by addition of
32 umol of ADP-['2CT glucose, 60 min control same as above except for labelled addition, 15 mm control
same as above, without addition

Time course experiments also were carried out to investigate glucose incorporation from
ADP-glucose mto both amylose and amylopectin (Fig 1) Imtially a time course should
give a pattern characteristic of a single precursor—product relationship Thus, if amylopec-
tin is formed only from amylose via a branching reaction. label should first appear in amy-
lose. However, following the time course of glucose-[14C] in amylose and amylopectin we
did not observe this expected pattern (Fig 1). The incorporation into amylopectin n-
creased rapidly up to about 15 min then remained relatively constant. By contrast. the rate
of incorporation mto amylose, although mmtially less than that of amylopectin, was ap-
proximately linear throughout the time period Consequently, the ratio of amylose to amy-
lopectin '*C increased with time, so that after 30 min there was more label in the amylose
fraction than in amylopectin. Our cold chase experiment (Table 1) showed that this n-
crease in labelled amylose could not have resulted from a debranching reaction. There are
two possible explanations for the results observed Furstly, the chloroplasts used in these
experiments contained 0 3 mg starch/mg chlorophyll mitially, approx 68°, of this starch
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was amylopectin. It has been shown® that both amylose and amylopectin can accept glu-
cose from ADP-glucose at similar rates using enzymes from spinach leaf. Thus, it is poss-
ible that the observed rapid incorporation nto amylopectin was due to the presence of
a greater proportion of amylopectin-like primer. A second explanation is based on product
inhibition of Q-enzyme by amylopectin. Thus, at early time periods the turnover of amy-
lose to amylopectin would be rapid. As amylopectin accumulated inhibition of Q-enzyme
would occur and the turnover of amylose would diminish. Either of the two explanations
would account for the decrease 1n amylopectin synthesis at longer incubation times.
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Fic 1 TIME COURSE OF THE GLUCOSE (glu) INCORPORATION INTO AMYLOSE AND AMYLOPECTIN

It has been shown that starch synthesis in 1solated chloroplasts was enhanced by high
concentrations of citrate and BSA.® It has also been shown that one of the two branching
enzymes in sweet corn was stimulated by citrate.'® We conducted similar experiments in
order to see if a similar shaft, from amylose to amylopectin, occurs 1n isolated chloroplasts.
The effect of high citrate concentration on glucose incorporation mnto amylose and amylo-
pectin is shown in Table 2. The ratio of amylopectin to amylose was affected during the
early stages of incubations. Citrate increased the label in the amylopectin possibly at the
expense of amylose. At a later stage, a similar shift was not observed, possibly due to prod-
uct inhibition by amylopectin.

The passage of label from amylose to amylopectin demonstrated 1n the pulse-chase ex-
periment, indicates that amylopectin synthesis is probably not compartmented. It is con-
cluded that in the chloroplasts amylopectin can by synthesized by the action of branching
enzyme using amylose as substrate formed by ADP-glucose-a-1,4-glucan a-4-glucosyl-
transferase. Moreover, since starch containing amylose contains 5-10% intermediate
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FAREEZ

Glucose mcorporated Amylopectin
Time of Citrate (nmol'mg chlorophyll) amylose

incubation 01M) Amylopectin Amylose Total [nerease ratio
min v

10 - 45 35 80 128

10 + 57 37 94 173 154

60 - 69 57 156 079

60 + 79 106 186 NG s

Reeqetio cusivee god aseay @mdrinans, were o8 desenrbed: o thie Faprermeniat sectinn
material, the strict mdependence of pathways 1s unhkely ' However considermg our
time course experiment and the fact that both amvlose and amylopectin can accept glucose
molecules from ADP-glucose,” the possibility of a certan degree of mdependent synthesis
of amylopectin cannot be excluded Formation of amylopectin from amylose by Q-
enzymes, 1solated from plants and its stunulation by citrate has been demonstrated
vitro 19 Furthermore. additional branching enzyme stimulated glveogen production from
ADP-glucose 1 Streprococcus miris™ which suggests that the branchmy reaction 1s a hmit-
ing step It 1s possible therefore that the increase of the overall starch synthesis resulted
from a citrate stimulation of the branching enzyme.

The results presented appear to suggest that amylopectin may be svnthesized by two
pathways. directly from ADP-glucose and via amylose
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After solubilization the vol was made up to 1 5 ml with a solution of 01 M NaCl, and 5§ mM EDTA One
hundred ul were removed for carbohydrate and radioacuvity determination and 1 ml for column chromatography
Carbohydrate concentration was esttimated by the phenol-H,SO, test '®

Chromatogi aphy of starch The method was essentially similar to that described by Matheson'” with slight
modifications 1 ml of starch suspension (15 mg) was applied to a column of 4°; sepharose ge! (Pharmacia sephar-
ose 4B-200, approximate exclusion limit average mol wt for polysaccharides 5 x 10°) The column was eluted
with a soln containing 0 1 M NaCl, 5mM EDTA and 002%, NaN; The effluent solution was fractionated 1into
7 ml portions and about 40 fractions were collected In order to identify amylose and amylopectin an aliquot
was removed from each fraction, mixed with 002%, of 10dine and 0 2%, KI 1n 05 N HCl soln and the absorption
read at 560 and 625 nm corresponding to amylopectin and amylose respectively Recovery of amylose and amylo-
pectin was 90 95° as tested by amperometric titration and the phenol H,SO, test No amylose was detected
in the amylopectin fraction The radioactivity ol’each Iraction was measured with a liquid scintilfation counter

' HonGe. ] E and Hoererter, B T (1962) Methods i Carbohydrate Chemustry (WaisTLER, R L and WoLEROM,
J L.,eds), Vol I, p 380, Academic Press, New York
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