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SME FACTS AND THOUGHTS ABOUT AMYLOPLAST ENZYME COVPARTMENTATI ON

Wlliams, A F. WIlianms Laboratories, Wllians., |Indiana, US. A

1. O enzynmes so far inplicated in starch synthesis, only two -- starch

synt hetase (ADP-gJucose — st arch + ADP) and phosphoryl ase (glucose-1-

phosphat e e starch + iP) —sediment with nornal pea and mmize anyloplasts
from devel opi ng seeds.

2. Substrate affinity (for starch) alone fails to account for anyl opl ast
binding of these enzynes (cf. Tsai, Bchm Gen. 11:83-95, 1974, for starch
synthetase and item 7, below, for phosphoryl ase).

3. (Qbservation of a significant difference in RR vs r/r peas with regard
to sol ubl e phosphoryl ase |evel dates back at least to 1957 (NAS-NRC, Laboratory
ad Field Studies in Biology: A Sourcebook for Secondary Schools, pp. 681-688,
1957). Matheson and Ri chardson (Phytochem 15:887-892, 1976, and 16:1875-1879,
1977), using extraction procedures which are inadequate to rel ease much
anyl opl ast bound phosphoryl ase (see PNL 10:78), recently quantified this
difference in devel oping, mature, and germinating RR and r/r peas.

4. Matheson and Richardson (1977) nmention that m xtures of phosphorylase Il
(the larger of two phosphoryl ase isozynes) extracted from bananas and R R
peas can be resolved el ectrophoretically, while simlar mxtures from bananas

ad r/r peas cannot. I find that phosphorylase Il released from R R anyl opl asts
has a slightly slower disc electrophoretic migration rate than sol uble
phosphorylase 11 fromr/r seeds. Phosphorylase Il fromRr seeds is resolved

by disc el ectrophoresis into three bands, confirning Matheson and Ri chardson's
finding that this pea enzyne is dineric.

5 In the light of 2, 3, and 4, above, | suggest that phosphorylase 11
has an "anyl opl ast binding site" which is separate and distinct fromits
"catalytically active site", and that the forner is defective or mssing in
r phosphoryl ase I1.

6. Anong nmmi ze, potatoes, and peas, | find that only devel opi ng pea
anyl opl asts can be ruptured osnotically by pelleting from concentrated sucrose
solution and resuspending in water. M croscopic exanination reveals significant

bal I ooni ng of the anyl opl ast nenbrane even anong sinmilarly treated mature pea
anyl opl asts. O her workers have indicated unusual difficulty in Ieaching
soluble starch frompea anyloplasts (e.g., Potter, et al., J. Am Chem Soc.
75:1335-1338, 1953) and in deproteinizing pea starch (Senti and Dinmer, Food
lech. 63:663-666, 1959).

7. I mmature anyl opl ast fragments fromr/r peas bind about 3 times as mnuch
RR as r/r phosphorylase Il when exposed under uniform conditions. Pretreatnent
of the ruptured anyloplasts with papain tends to nullify this difference,
indicating that protein(s) plays a role in the specificity of phosphoryl ase

"receptors" in the anyloplast (menbrane?). Use of the r gene "probe" adds
an interesting dinension to anyl opl ast - phosphoryl ase bi ndi ng studies such as
those of Fekete (Arch. Bchein. Bphys. 116:368-374, 1966). | ampresently using

starch conjugate (-active site?) bound phosphoryl ase (see Matheson and Ri chardson

1977) to search for specific anyloplast proteins with phosphorylase affinities.
I'm assumi ng that these "receptors" are probably bound into the amyl opl ast
nenbrane vi a hydrophobic regions as discussed by Tanford (Science 200:1012-1018,

1978).
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8. The R'Rvariety 'Alaska' (used by Matheson and Ri chardson) has a soluble
phosphoryl ase level late in devel opment which is about twi ce as high as that
of at least three other RR varieties | have tested. KRR varietal hybrid seeds
fromboth 'Alaska’ x 'Mammoth Melting Sugar' and 'Alaska' x 'Dwarf Grey Sugar'
have hi gher sol ubl e phosphoryl ase levels when 'Alaska’ is used as the female
parent than when 'Al aska' is used as the pollen parent. According to Marshall
(PNL 2:18-19), 'Alaska' carries the gene d_ (dinpled) which is expressed as
a maternal character; di_ nmay therefore be involved in organization of anyl opl ast
receptors for phosphorylase alluded to in 7, above.

9. For possible future research, | suggest that saturation of anyl opl ast
receptors with phosphoryl ase nay sonehow signhal a "shutdown" of phosphoryl ase
synthesis. Such a system of regulation could be essential in the devel oping
seed since phosphorylase nmay act both in starch synthesis (when bound??) and
in starch digestion (when unbound??-hence the phenotype of r/r peas and starch??).

10. Suggestions 5 and 9, above, nay also hold true for starch synthetase
in maize. Tsai (Miize Genetics Newsletter 39:153, 1965) has shown that the
wx (waxy) gene decreases anyl oplast bound starch synthetase level in a dose
dependent' manner. No conconitant increase in soluble enzyne is found, indicating
that wx probably disrupts the catalyticsite of starch synthetase. The striking
dose effect of wx and the lack of increase in soluble enzynme by wx rmay be due
to conpetitive binding of limted supplies of catalytic (W) and non-catalytic
(w) enzyne proteins by anyl oplast receptors (presunmably, the binding site
within the nutant "enzynme" and the system of regulation could be intact) in
het erozygotes. Nelson (Maize Genetics Newsletter 50:109-113, 197b) has con-
structed a fine structure nmap containing over 30 wx alleles, but very little

is known about the actual nature of the wx gene product (s). |f antibodies
can be raised to maize starch synthetase, | plan a quantitative search for
cross reacting material in wx honp- and heterozygotes.

11. | have so far been unable to associate any lesion in the starch

synt het ase or phosphoryl ase pathways to starch nor any differences in starch
synt hetase or phosphoryl ase solubilities with the rb gene in peas. Nor have
| been able to find the solute prinmarily responsible for higher osnotic poten-
tial of rb cytoplasm Sone of ny assays need refinenment, however.

12. I solation of new nutants affecting catalytic activity of pea phosphory-
lases or el ectrophoretic nobility of both pea and nai ze phosphoryl ases and
starch synthetases should provide excellent raw naterial for further study

of enzyme conpartmentation in the amyloplast. Help in identifying possible
candidates is hereby solicited frompea geneticists, especially those who
regularly engage in nutagenesis. |If, as suggested here, separate sites for

organelle binding and catalytic activity exist within the structure of an enzyme
(and therefore may be coded within the same | ocus), they could be expected

to nutate separately. Wether or not such neighboring nutants would result

in identical phenotype and/or be detected as alleles in classic tests of
allelismremains to be seen. Since seed "lethals" may be of value in ny

studies, | maintain pod and plant sib identification records in ny own nuta-
geni ¢ wor k.



