of Ca and is an important mineral associated
with membrane structure. The concentration
of Mg was slightly higher during the 1st part
of the 1981-82 sampling period (0.25-0.28
mg-g!; September-November) when contrasted
to the latter period (0.18-0.23 mg-g’!; De-

- cember-May). When Mg values of the 1981—
82 season were compared to the 1982-83
season values, the only significant difference
was noted with the 1 Feb. sampling date; the
concentration on that date was elevated in
the 1982-83 season.

Because Na was found at very low levels
in peel, its concentration range was not re-
ported in Table 1. Over the 9-month matur-
ation period, Na fluctuated between 0.003
and 0.034 mg-g’! fresh peel weight. It was
difficult to assess any impact of freezing on
peel Na because of its low levels (about 1/

100 to 1/1000 the level of K).

Zinc, also not reported in Table 1, showed
no significant variation over the 1981-82 and
1982-83 maturation periods. Its concentra-
tion (0.001-0.002 mg-g™! fresh peel weight)
in peel was negligible.

Literature Cited

1. Chapman, H.D. 1968. The mineral nutrition
of citrus. In: W. Reuther, L.D. Batchelor,
and H.J. Webber (eds.). The Citrus indus-
try, vol. IL. Univ. of Calif. Press, Berkeley.

2. Childers, N.F. 1975. Modem fruit science.
Hort. Pub., Rutgers Univ., New Burnswick,
N.J.

3. Harding, P.L. and D.F. Fisher. 1945. Sea-
sonal changes in Florida grapefruit. USDA
Tech. Bul. 886.

4. Jones, W.W. 1961. Environmental and cul-
tural factors influencing the chemical com-

position and physical characters. In: W.B.
Sinclair (ed.). The orange. Univ. of Calif.
Press, Berkeley.

5. Ochse, J.J., M.]J. Soule, M.J. Dykman, and
C. Wehlburg. 1961. Tropical and subtropi-
cal Agr., vol. 1. MacMillam. N.Y.

6. Rains, D.W. 1976. Mineral metabolism. In:
J. Bonner and J. E. Varner (eds.). Plant bio-
chemistry, 3rd ed. Academic Press, N.Y.

7. Sinclair, W.B. 1972. The grapefruit. Univ.
of Calif. Press, Berkeley.

8. Sites, J.W. 1947. Internal fruit quality as
related to production practices. Proc. Fla.
State Hort. Soc. 60:55-62.

9. Smith, P.F. and W. Reuther. 1953. Mineral
content of oranges in relation to fruit age and
some fertilization practices. Proc. Fla. State
Hort. Soc. 66:80-85.

10. Wardowski, W.W. and W. Grierson. 1972.
Separation and grading of freeze damaged
citrus fruits. Fla. Agr. Expt. Sta. Circ. 372.

HoRTSCIENCE 19(5): 655-656. 1984

Endogenous Plant Growth Substances
in Developing Fruit of Prunus cerasus
XIII. Relationship between
Conjugated and Free Abscisic

Acid in Pericarp

Ryszard Rudnicki! and Martin J. Bukovac
Department of Horticulture, Michigan State University, East Lansing, MI

48824

Additional index words.

Abstract.

ABA, inhibitors, sour cherry

The presence of abscisic acid (ABA) in both conjugated and free forms was

established by thin-layer and gas-liquid chromatography and by combined gas chro-
matography-mass spectrometry. The concentration of the free acid was greater than
that of conjugated ABA early in fruit development (Stages I and II); however, the
conjugated form was more prevalent than the free acid during Stage III. The highest
concentration of both the free acid and the conjugated ABA was found during periods
of most active fruit enlargement and low concentrations during the retarded phase of
pericarp growth. The conjugated form represented a significant and, during Stage III,

the major portion of the total ABA present.

Abscisic acid (ABA) occurs naturally in
fruits of numerous species (3, 4, 6, 7, 8, 12,
15). In addition, a water-soluble conjugate,
abscisyl-B-D-glucopyranoside, has been iso-
lated from fruit of Lupinus luteus (6) and
since has been found in other fruits (8, 10,
13). Of the total ABA found in fruit of Rosa
arvensis, 20% was in the form of the glu-
cosyl abscisate (8). Plant tissues readily con-
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vert exogenously supplied ABA to the
glycosyl abscisate (8, 16), and there is in-
dication that this conjugate may be hydro-
lyzed (8). Any assessment of the role of ABA
in fruit growth should take into consideration
not only the free acid, but also the conju-
gated fraction. We reported (4), based on
biological activity, that inhibitor levels in sour
cherry fruit were directly related to growth
rate of the fruit. We now report on changes
in levels of a hydrolyzable ABA conjugate
during fruit development and discuss its re-
lationship to ABA.

Sour cherry (Prunus cerasus L.) fruit were
collected from 7-year-old trees at weekly in-
tervals from one week after anthesis until
fruit maturity. The fruit were frozen imme-
diately in dry ice, transferred to the labora-
tory, and lyophylized. A fruit growth curve
was constructed based on pericarp dry weight.

Fruit from collections made on 21 and 28,
35 and 42, and 56 and 70 days after anthesis,
selected as being in Stage I, II, and III of
fruit development, respectively, were used
for analysis. The pericarp (exo-, meso-, and
endo-) tissue was removed, ground to pass
a 20-mesh screen, and stored at -25°C until
extraction.

Procedures employed in extraction, frac-
tionation, thin-layer chromatography (TLC),
and wheat coleoptile bioassay of ABA have
been described previously (4, 13). The
aqueous fraction of the methanol extract, after
partitioning against diethyl ether at pH 2.5,
was adjusted to pH 11 with NaOH and hy-
drolyzed for 30 min at 60°C. The solution
was cooled, the pH adjusted to 3.0, and the
released inhibitor extracted and purified as
previously described.

The ABA in the acid-ether fraction and
that released on hydrolysis was methylated
with diazomethane following TLC and sub-
jected to gas-liquid chromatography (Pack-
ard 7300) using a U-column (183 cm X 2
mm) packed with 3% SE 30 on silanized Gas
Chrome Q (60-80 mesh). The injector block
and detector temperature was 250°C, the col-
umn was isothermal at 170°, and the carrier
gas (N,) flow was 42 ml-min"!. To quantify
ABA, the peak heights were compared with
those of standard quantities of both the cis-
trans and trans-trans isomers of MeABA.
Conclusive identification of the inhibitor (both
the free acid and that released on hydrolysis)
as ABA was obtained by combined gas chro-
matography-mass spectrometry (GC-MS).
Procedures employed and equipment used
were identical to those described earlier (4).

Two zones of growth inhibition, as in-
dexed by the wheat coleoptile assay, were
found after hydrolysis of the aqueous phase
and partial purification by TLC. We previ-
ously identified (13) p-coumaric acid as the
inhibitor running at Rf 0.6-0.9. The inhib-
itory substance running at Rf 0.0-0.2 coch-
romatographed with synthetic ABA and, after
further purification on TLC (benzene:ethyl
acetate:formic acid, 70:30:1), was identified
by GC-MS as ABA. The inhibitory sub-
stance in the acid-ether fraction (free acid)
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Table 1. Concentrations of free and conjugated ABA in cherry pericarp tissue during fruit develop- merely an inactive storage form (9) or a
ment. physiologically meaningful fraction remains
to be determined.

Stage of Days .

fruit after Free ABA Conjugated ABA Conjugated Literatare Cited
development  anthesis cis trans  Total cis trans  Total Ratio* (%) )
( dry wr'l) 1. Aspinall, D., L.G. Paleg, and F.T. Addi-
ng 8’ cott. 1967. Abscisin II and some hormone-
{ %é }(5); g? }gg gg 1; gg ;?Z g?g regulated plant responses. Austral. J. Biol.
’ ’ Sci. 20:869-882.
II 35 109 36 145 19 6 25 3.80 14.7 2. Beruter, J. 1983. Effects of abscisic acid on
1l 42 69 2 9 3 32 87 1.04 48.9 sorbitol uptake in growing apple fruits. J.
111 56 104 6 110 175 55 230 0.48 67.6 .
59 224 037 732 Expt. Bot. 34:737-743.
1 Ll ¢ 1B 82 165 : : 3. Bittner, S., E.E. Goldschmidt, and R. Goren.
ZRatio of total free ABA to total conjugated ABA. 1973. Increase in free and bound abscisic
acid during natural and ethylene-induced se-
g y
nescence of citrus fruit peel. Plant Physiol
51:879-882.
4. Davison, R.M., R. Rudnicki, and M.J. Bu-
also was confirmed by TLC, GLC, and GC-  carp enlargement in light of our knowledge kovac. 1976. Endogenous plant growth sub-
. ’ Sy stances in developing fruit of Prunus cerasus
MS as being ABA. of ABA as a growth inhibitor (1, 5, 15). On L. V. Changes in inhibitor (ABA) levels in

The concentration of free ABA in the per- the contrary, highly significant positive cor- the sced and pericarp. J. Amer. Soc. Hort.
icarp decreased from 21 days after anthesis elation was found between free (r=0.88), Sci. 101(5):519-523.
to the lowest level during Stage II (42 days conjugated (r=0.96), and total (r=0.97) 5. El-Antably, H.M.M., P.F. Wareing, and J.
after anthesis), then increased during early ABA and growth rate of the pericarp. Evi- Hillman. 1967. Some physiological re-

) g y and g p rp e ¢

Stage III (Table 1). The concentrations of dence in other plants points to a role for ABA sponses to D.L.,-abscisin (dormin). Planta
the total conjugated ABA (25 to 87 ng g dry  in directing assimilates to reproductive struc- 73:74-90. ) )
weight!) were lower than those of free ABA  tures (2, 14). In apple fruit tissue, the ABA 6. Koshimizu, K., M. Inui, H. Fukui, ?“dl T.
during Stage I and early Stage II, but rose level was related to sorbitol uptake, and it Mitsui. 1968. Isolation of (+)-abscisyl-B-

: . . D-glucopyranoside from immature fruit of
to levels markedly higher than those of free = was suggested that the capacity of apple tis- Lupinus luteus. Agr. Biol. Chem. 32:789—
ABA in Stage III (Table 1). sue to utilize sorbitol was regulated by ABA 791. ' ' ' ’

On a per fruit basis, the conjugated ABA  (2). What role if any the conjuated fraction 7. Milborrow, B.V. 1967. The identification of
varied between 4.7 and 9.0 pg-fruit! (per- may play is not known. (+)-abscisin II [(+)-dormin] in plants and
icarp) during Stage I and early Stage II, then Although we did not attempt to identif measurement of its concentrations. Planta

P . : g p y
rose dramatically to 121 and 149 pg fruit!  the nature of the conjugated form, we as- 76:93-113. )
at 56 and 70 days after anthesis (Stage III),  sume that it is the abscisyl-B-D-glucopyr- 8- Milborrow, B.V. 1970. The metabolism of
respectively. This increase was closely as-  anoside as identified by Koshimizu et al. (6) abscisic acid. J. Expt. Bot. 21:17-29.
sociated with the increase in pericarp dry and Milborrow (8). To what extent the con- % I\gllb.ofmw’.f'v' ],?983i leat}}w.a)];s_;o aAn:dfth
weight. In comparison, the free acid in-  jugated fraction may serve as a source of free ADSCISIT AciC, pp. oo 12 T B oy

1 . . . . (ed.). Abscisic acid. Praeger Publishers, N.Y.
creased from 11.5 to 27 pg-fruit” during  ABA in cherry is not know. Milborrow (8) 10, Most, B.H., P. Gaskin, and J. MacMillan,
Stages I a.nci I a.nd then increased to about  showed that the cell sap from homogenized 1970. The occurrence of abscisic acid in in-
55 pg-fruit! during Stage III. tomato shoots hydrolyzed the glucose ester. hibitors B; and C from immature fruit of

The ratio of total free to total conjugated ~Zeevaart (16) found that the glucose ester of Ceratonia siliqua L. (Carob) and in com-
ABA increased from 2 to 2.5 in Stage I, to ABA accumulated in Xanthium leaves dur- mercial carob syrup. Planta 92:41‘49-

5.8 in early Stage II, and the declined to less  ing water stress. The level of the conjagated 1 MOUSSCI’OD-C&I"ICI, M., J.C. Mani, J.P. Dalle,
than 0.5 during Stage I1I. Thus, the free acid ABA remained relatively constant after re- gn]d JLd Ohvel' 1966. Photoxydation Sf,n st
was predominant early and the conjugated moval of stress, suggesting little or no con- lal IZZ;Y:K?_[;ﬁ;snzong:fgzSzpﬁire;}::t;
form late in fruit development (Table 1). It ~ version back to the free acid or that an méthylique de la (+)-abscisine. Bul. Soc.
is noteworthy that, with one exception, 28% equ111brlgm ex15te_d betweep synthesis and Chim. (Fr) 12:3874-3878.

to 73% of the total ABA present was found ~degradation. The increases in free ABA ob- 12, Rudnicki, R. and J. Pieniazek. 1971. Free
in the conjugated form. served in our study obviously did not arise and bound abscisic acid in developing and

The role of conjugated ABA in fruit growth ~ from hydrolysis of the conjugated fraction, ripe strawberries. Bul. Acad. Polon. Sci. Ser.
has not been studied extensively. The marked  for the concentrations of the 2 forms almost Sci. Biol. 19:421-423.
increase in the concentration of the conju- paralleled one another with one exception 13. Rudnicki, R. and M.J. Bukovac. 1973. En-
gated form occurred during Stage HI, a pe- (70 days after anthesis), during fruit devel- go_gnem;umsifg?;growth S“bS‘anI‘iesnm S:“::;;

. . . 1 1 runus cerasus L. .

riod of rapid pericarp enlarg?ment, Sugar opment. ofpexglractable parl:z coumari: acid in the per-
accumulation, and ripening. It is tempting to Small quantities of trans-trans ABA also icarp. J. Amer, Soc. Hort. Sci. 98(3):225-
speculate that the conjugated fraction may were found in the pericarp; however, these 229.

be involved in pericarp growth by reducing quantities may have resulted from light-in- 14, Tietz, A., M. Ludewig, M. Dingkuhn, and
the pool size of free ABA during periods of  duced isomerization (8, 11), for no special K. Droffling. 1981. Effect of abscisic acid
rapid fruit enlargement. This reduction ap-  precaution was taken to prevent this. on the transport of assimilates in barley. Planta
pears unlikely, however, for high concentra- Levels of the conjugated ABA fraction and 152:557-561. . )

tions of free ABA were present during periods  their relationship to those of the free acid 15. V:alt.orlx, D'(f:' 131980 T}}Z tZOChen;Strfom:
of both rapid (Stages I and III) and retarded deserve greater attention in studies of fruit gh);ssli(;lo gg/ 1(,)4; 4521;9(: acid. Annu. Rev. Hlan
(Stage II) fruit development. Based on the  growth. Conjugated ABA has been found in ¢ Zeevaart, J.A.D. 1983. Metabolism of abs-

relationship between concentrations present
and growth rate of the pericarp, neither free
nor conjugated ABA seem to control peri-
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numerous fruit (3, 6, 8, 10, 12) and gener-
ally is a significant, if not the major, con-
stituent of the ABA complex. Whether it is

cisic acid and its regulation in Xanthium leaves
during water stress. Plant Physiol. 71:477-
481.
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