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Abstract--Isolated bean (Pl~u~olub culyu~~b) chloroplasts were used to investigate the mode 01 synthesis of 
transitory amylose and amylopectm from ADP-glucose Pulse chase experiments showed that labelled glucose 
m amylose decreased when chased with cold substrate as compared to controls A slgmficant portlon of this de- 
crease appeared m the amylopectm fraction Indicating that amylopectm was formed from amylose. However, 
time course experiments showed that the rate of amylopectm synthesis IS higher than that of amylose at the early 
stages of mcubatlon, suggesting a certain degree of independent synthesis of the two fractions High concentration 
of citrate increased the rate of amylopectm synthesis 

INTRODUCTION 

THE BIOSYNTHESIS of an amylopectin-like polysaccharide was achieved 30 yr ago by mcu- 
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 mdependently.2 Secondly, a hypothetical debranching 
enzyme is presumed to produce amylopectin from a phytoglycogen precursor.3 Finally it 
has been suggested 4,5 that during peaks of starch production the Q-enzyme is saturated 
around the granule. Consequently, not all ~(-1-4 chains are converted mto amylopectm. 
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 amylopectm 
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-[l- 14C] was fed to intact wheat plants, indicated that 
amylopectin was formed from amylose m the endosperm.’ To determine whether amylose 

1 HAWORTH, W N., PEAK, S and B~URNE, E J (1944) Nat~rre 154,236 
2 WHELAN, W J. (1963) Die Starke 15,247. 
3 ERLANDER, S R (1958) Enzymologla 19,273 
4 GEDDES, R. and GREENWOOD, C T (1969) Dze Starke 21, 148 
5 GEDDES, R (1969) Quarterly Revrews 23, 57. 
6 MCCONNELL, W B, MITRA, A K and PERLIN. A S (1958) Can J Bmhem Phystol 36,958 
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or amylopectm is synthesized first m bean chloroplasts, from the immediate substrate 
ADP-glucose,‘x8 a pulse chase experiment was performed Starting with three mcubations 
of known specific activity, one was diluted at 1.5 mm with unlabelled substrate and run 
for a further 45 mm to allow the mcorporation of cold substrate. Of the two undiluted 
controls, one was incubated for 15 mm and the other for 60 min. It was possible to map 
the path of labelled glucose by comparmg the distribution of ’ 4C m the three mcubations. 
If amylose and amylopectm were synthesized Independently, one would expect the 14C 
ratio of amylose to amylopectm to remam constant m all mcubations. If amylose was syn- 
thesized from amylopectm by a debranchmg enzyme, ‘*C m amylopectm should decrease 
accompanied by an Increase label in amylose m the diluted sample The reverse would be 
true if amylose served as the substrate for amylopectm. This is, m fact. what we observed 
m our experiment. Chasing with cold substrate after 1.5 mm resulted m a 26’:;, decrease 
m labelled amylose as compared to the control (Table 1). During the same period a sigmfi- 
cant portion of this decrease m label was recovered m the amylopectm fraction Thus the 
evidence confirms the concept that linear amylose production precedes amylopectin pro- 
duction, 

TABLE 1 FAII ot [“%T] GLUCOSE FHOM ADPG AFTER INORPORAIWN INTO S~AKCH 

Time of mcubatlon 

(mm) 
ADPG-[“Cl ADPG-[“C] chase 

Dlstrlbutlon of’radloactlvlty Label in 
Amylopectm Amylose Total amylose 

60 
15 
15 45 

dpm dpm dpm 
11787 9806 ‘1593 

5043 3290 8333 
8307 1319 9526 

<i 
4: 
39 
Ii 

Except for the concentration of ADP-[‘T] glucose, reactlon mixtures and assay conditions were as specified 
m the ExperImental sectlon Pulse chase 0 9 pmol (3 2 x 10’ dpmipmol) for 15 mm followed by addltlon of 
3 2 pmol of ADP-[“C] glucose, 60 mm control same as above except for labelled dddltlon. 15 mm control 
same as above. wlthout addltlon 

Time course experiments also were carried out to investigate glucose mcorporation from 
ADP-glucose mto both amylose and amylopectm (Fig 1) Inmally 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 m amy- 
‘lose. However, followmg the time course of glucose-[14C] in amylose and amylopectm we 
did not observe this expected pattern (Fig 1). The mcorporation into amylopectin m- 
creased rapidly up to about 15 mm then remained relatively constant. By contrast. the rate 
of incorporation mto amylose, although nntially less than that of amylopectm, was ap- 
proximately linear throughout the time period Consequently, the ratio ofamylose to amy- 
lopectm 14C increased with time, so that after 30 mm there was more label in the amylose 
fraction than in amylopectm. Our cold chase experiment (Table 1) showed that this m- 
crease in labelled amylose could not have resulted from a debranchmg reaction. There are 
two possible explanations for the results observed Firstly, the chloroplasts used in these 
experiments contained 0 3 mg starchjmg chlorophyll mmally, approx 683,, 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 mto 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 amylopectm 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 m amylopectin synthesis at longer incubation times. 

FIG 1 TIME COURSE OF THE GLUCOSE (&I) INCORPORATION INTO AMYLOSE AND AMYLOPECTIN 

It has been shown that starch synthesis in isolated chloroplasts was enhanced by high 
concentrations of citrate and BSA.8 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 shift, from amylose to amylopectm, occurs m isolated chloroplasts. 
The effect of high citrate concentration on glucose incorporation mto amylose and amylo- 
pectin is shown in Table 2. The ratio of amylopectm 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 amylopectm. 

The passage of label from amylose to amylopectin demonstrated mLhe 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-cc-1,4-glucan cr-4-glucosyl- 
transferase. Moreover, since starch containing amylose contains 510% intermediate 

9 OZBUN, J L , HAWKER, J S and PREISS, J (1972) Bmchem. J 126,953 
lo LAVINTMAN, N (1966) Arch Biochem Bnophys 116, I 
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Time of 
mcubatlon 

material, the strict rndependence of pathways IS unlikely ! ’ L3 Hmvc\er conslderlrlg our 

time course experiment and the fact that both amclose and amylopectm GUI accept glucose 
molecules from ADP-glucose,” the possibiltty of a certam degree of Independent synthesis 

of amylopectm cannot be excluded Formation of amylopectm from amylose by Q- 
enzymes, isolated from plants and its sttmulatton by citrate has been demonstrated uz 
r’ltro 1 O Furthermore. additional branchmg enzyme stunulated glycogen production from 
~~i?-giuCOs~ IIT ~h~pk~cocr~r.~ ~?!rtis I1 WhlCiI suggests that tire i7nriT&rrtg rC_lCtrcsrI Is a ilmrt- 

ing step It IS posstble therefore that the mcrease of the overall starch synthesis resulted 
from a cttrate sttmulatton of the branchmg enzyme. 

The results presented appear to suggest that amylopectm may be synthesized by two 
pathways. dtrectly from ADP-glucose and vta amylose 
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After solublhzatlon the vol was made up to 15 ml with a solution of 0 I M NaCl, and 5 mM EDTA One 
hundred ~1 were removed for carbohydrate and radIoactIvIty determmatlon and 1 ml for column chromatography 
Carbohydrate concentration was estimated by the phenol-HZSO, test ” 

Chrornatoytaph~~ of yturch The method was essentially slmdar to that described by Matheson” with shght 
modifications I ml of starch suspension (I 5 mg) was applied to a column of 4”i sepharose gel (Pharmacla sephar- 
ose 4B-200, approximate exclusion Ilmlt average mol wt for polysaccharldes 5 x IOh) The column was eluted 
with a soln contammg 0 I M NaCI, 5 mM EDTA and 0 02% NaN, The effluent solution was fractionated into 
7 ml portlons and about 40 fractions were collected In order to Identify amylose and amylopectm an ahquot 
was removed from each fraction, mlxed with 0 02% of lochne and 0 2”/:, KI m 0 5 N HCI soln and the absorption 
read at 560 and 625 nm corresponding to amylopectm and amylose respectively Recovery of amylose and amylo- 
pectm wds 00 95”,, cl’, te\tcd h! ampcromctrlc tltratlon ‘md the phenol H,SO, test No ,imylo$c was detected 
In the amyfOpeCtin tidctlon l?ie radIoactIvIty ofeach Ii-actlon was measured’ with a iiquld scmtliiatlon counter 

I6 HQD~zE, J E ~~~&IERIUIB, B T (1962) Mrthodc III Cmhnh@& Chea~r.\try (WHLSXEB, R. L and WOLEROM, 
J L , eds ). Vol I, p 380, Acadermc Press, New York 
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