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Abstract—The plant growth-promoting activities of new gibberellins, GAso, GA3s, GAjz, GAsjs, GAag,
GA;s and GA;; glucoside were evaluated in seven bioassays. In general GAso, GA3; and GA,s showed
fairly high biological activities, whilst GA33, GAs4 and GA;s glucoside were almost inactive. GA;, was
highly active, behaving similarly to GA;. It is suggested that the C-118 and C-12a hydroxyl groups have littie
influence on growth-promoting activity, although the C-12a hydroxyl group reduces activity in the cacumber
hypocotyl assay.
INTRODUCTION

OUR PREVIOUS papers!— reported the occurrence of GAjo, GA;;, GAj; and GA;, in
immature seeds of Calonyction aculeatum, GA 5, in those of Prunus persica and GA;5 and

its glucoside in those of Cytisus scoparius.
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THE STRUCTURES OF enf-GIBBERELLANE AND GIBBERELLINES ASSAYED IN THIS STUDY,
1 N. MurorusHi, T. YokoTA and N. TAKAHASHI, Agric. Biol. Chem. 34, 1436 (1970).
2 1. YamacucHl, T. Yokota, N. MurorusHl, Y. Ocawa and N. TAKAHASHI, Agric. Biol. Chem. 34, 1439
(1970).
3 N.. MurorusHI, T. Yokota and N. TARKAHASHY, Agric. Biol. Chem. 35, 441 (1971).
4 H. YAMANE, I. YamacucHi, N. MuROrFUsHI and N. TAKAHASHI, Agric. Biol. Chem. 35, 1144 (1971).
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TABLE 1. ACTIVITY OF GIBBERELLINS IN THE DWARF RICE (TAN-GINBOZU) ASSAY

ng gibberellin/seedling

Gibberellin 01 1-0 10 100
Asp 19-80 + 0-59 17-40 4+ 078 2540 + 0-36 39-60 4 1-37
Aj, 17-40 = 0-59 18-60 4 0-96 30-20 & 071 38-40 £ 061
Ajs 1920 4 1-11 25-60 - 0-96 31-40 + 1-22 49-80 4 2-36
Azs 18-40 - 0-54 16-60 + 0-61 17-80 - 0-66 19-80 + 0-33
As, 19-00 + 0-57 18-60 4 0-61 17-00 + 0-49 2120 + 0-33
Ass 21-20 + 1-04 20-40 + 0-92 24-60 - 0-83 38-20 4 1-04
F1 1840 + 1-46 17-00 + 0-49 17-20 +~ 1-04 28-80 -+ 0-87
A;s glucoside 17-20 4+ 0-52 17-80 4 0-66 22:00 = 0-80 24-80 + 0-59
3 23-40 4 1-82 28-60 4+ 2-17 35-00 + 317 50-40 &4 2-17
Ag 18-80 4- 1-07 21-00 4 0-75 2720 + 1-73 49-20 -+ 341
As 22-80 4- 1-18 2620 -- 0-44 3300 + 1-20 37-80 + 1-63
Ay 15-80 -+ 0-52 21-40 - 022 2620 + 1-63 47-60 £ 2-72
deoxy As 17:20 -+ 0-66 22-80 4 0-77 3040 = 078 45-60 £ 2-63
Control 17-00 4+ 0-58

Each value represents the mean length (mm) -+s.e. of the second leaf sheath (5 replicates).

We report here the plant growth-promoting activities of these new gibberellins and the
compound, F-1 (a GA;; derivative),* in seven bioassays, namely, the dwarf rice (Tan-
ginbozu and Waito-C), the dwarf maize (d,, d; and d;), the dwarf pea (Progress No. 9) and
the cucumber (National Pickling) assays. Since some of these new gibberellins contain
C-118, C-12a and/or C-158 hydroxyl groups in their structures, comparisons were made
between their activities and those of such known C,, gibberellins as GA;, GA,, GA,, GA,
and deoxy GAj; to evaluate the effect of the hydroxyl groups at various positions in the
ent-gibberellane® skeleton on gibberellin activities, On a structure-activity basis, special
attention was paid to the comparisons of GA;, with GA,, of GA;, and deoxy GA; with
GA;, of GAj;, with GA,, and of GA;, and GA,; with GA,.

TABLE 2. ACTIVITY OF GIBBERELLINS IN THE DWARF RICE (WAITO-C) ASSAY

ng gibberellin/seedling

Gibberellin 01 10 10 100
Asp 17-00 4 0-28 18-80 4+ 0-18 22:40 + 0-61 38:60 + 115
Asy 18-40 4+ 0-54 18-40 4 0-22 20-80 & 0-33 30-40 + 0-54
As, 19-80 4- 0-44 28-00 4 0-63 44-20 -~ 0-33 5200 £ 2-17
Azl 1660 -+ 046 1640 4+ 0-22 17-60 -+ 0-22 19-20 4- 0-33
Asg 1620 - 0-33 1640 + 0-22 18-00 <+~ 0-40 21-80 & 0-77
Ass 18-80 + 0-33 17-80 -+ 0-33 2320 £+ 0-52 41-00 4+ 2-21
FI 17-20 4+ 0-18 17-80 + 0-18 17-80 4+ 0-33 22:00 -+ 075
A 35 glucoside 1740 + 0-22 17-00 + 0-00 17-80 + 0-18 24-60 + 1-66
As 28-80 4- 0-24 31-60 + 0-66 47-40 -+ 0-67 5820 4 2-63
Ay 17-40 + 046 19-80 -+ 0-44 30:60 + 1-78 53-80 + 1-00
As 1820 4- 0-52 1820 4- 0-18 2600 4 075 38-80 -+ 0-66
Aq 19-00 + 0-49 21-60 + 0-61 3220 -+ 1-56 54-20 4~ 1-15
deoxy As 17-80 4 0-18 20-80 + 033 26:60 = 0-61 4520 4 1-21
Control 15-80 4+ 024

Values as in Table 1.

The nomenclature of enr-gibberellanes used in this paper is based on the proposal by J. W. Rowe, in The
common and systematic nomenclature of cyclic diterpene. See Structures.
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RESULTS
Dwarf Rice Test
The results of the assays using Tan-ginbozu and Waitd-C varieties are shown in Tables 1
and 2, respectively. GA;, was most active among the new gibberellins and it was almost as
active as GA;. GA;,, GA;;, GAjs and deoxy GA 5 were also active. The activities of GA 3,
GA;, and GA;; were similar and were less than that of GA;. Deoxy GA 5 was slightly more
active than these three gibberellins and was almost as active as GA;.

TABLE 3. ACTIVITY OF GIBBERELLINS IN THE DWARF MAIZE (d;) ASSAY

pg gibberellin/seedling
1-0

Gibberellin 01 10

Aso 61-:20 + 4-32 105-00 4 8-74 117-00 + 5-11
A, 50-40 4 2-44 69-40 + 4-07 110-80 + 1-68
Ai; 8520 & 606 119-40 4 696 122-20 + 293
Asj 40-00 + 1-13 48-20 4- 1-04 70-20 + 2-46
Asa 35-40 4 0-96 42:20 + 2-49 55-40 4- 2:60
Ass 43-80 + 2-66 59-40 4- 2-13 104-20 4 4-09
FI 37-20 + 2:03 48-40 4- 3-92 83-20 4- 3-03
Ajss glucoside 3660 L+ 1-15 42-20 4- 1-68 50-50 4+ 192
A, 79-75 + 2-56 106-80 4- 2-32 128-60 4- 7-26
As 6640 + 1-61 96-40 - 4-84 102:60 4- 594
As 5840 4 2:92 86-40 4 6-50 115-20 4 8-23
A, 83-20 4 3-42 11560 + 1-54 133-80 4- 7-06
deoxy As 63-40 + 2-48 72-60 + 445 121-40 4 3-16
Control 41-00 £+ 1:72

Each value represents the mean sum of the first and second leaf sheath lengths (mm)
+s.e. (4 or 5 replicates).

Comparison of activities between the two dwarf rice tests indicates that at 10 ng/plant,
GA;;, GA; and deoxy GA;s were less active than GA, and GA, on Wait3-C, but more
active than GA, and GA, on Tan-ginbozu. GAj;i, GAj,, GA,s glucoside and F-I were
generally inactive in both varieties, slight activity being observed at the highest dosage of
100 ng/plant.

Dwarf Maize Test

The results of the assays using d,, d; and ds mutants are summarized in Tables 3-5
respectively. GA;, and GA;, showed almost the same degree of activity as that of GA; in
the d, and d; assays, whilst only GA;, was as active as GA; in the ds assay.

The activities of GA,9, GA3,, GA,5 and deoxy GA; ranged from more than 10-1009
of those of GA,, GAs and GA,. However, in the ds assay, the activity of GAj, was ca.
109 of that of GA, and even lower compared with that of GA;. GAji, GAs4, GA;s
glucoside and F-I were genreally inactive, although slight but significant activities were
observed at the highest dosage of 10 ug per plant in some cases. In the d; assay F-I was as
active as GA;s.

PHYTO 12/2—B
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TABLE 4. ACTIVITY OF GIBBERELLINS IN THE DWARF MAIZE (d3) ASSAY

g gibberellin/seedling
10

Gibberellin 01 10

Azo 66-75 £ 3-15 100-04 -+ 3-21 105-40 + 5-65
Az 42-25 4 1-29 6360 4 2-57 97-90 + 491
As: 8675 + 3-90 11720 + 2-88 118:80 + 3-32
As; 3525 +1-24 41-60 + 1-78 61-60 + 1-97
Ass 3425 £ 0:54 39-20 + 201 50-60 + 3-01
Ass 40-75 - 0-74 5040 -+ 1-56 8640 4- 4-03
F1 41-50 + 3-58 49-60 -+ 2-60 73-00 + 5:16
Ass glucoside 35-50 + 1-15 37-20 4+ 1-25 44-20 - 1-31
A, 6660 + 2-43 94-40 + 4-11 120-20 4 4-88
A, 55-50 4- 391 79-80 4 2-32 109-75 4 678
As 52:67 -+ 2:60 8120 + 3-04 103-80 + 442
A, 68-80 + 3-53 109-00 + 3-87 108-00 4- 4-66
deoxy As 48-00 + 3-09 69-20 + 5-38 99-60 4+ 3-95
Control 3720 + 044

Values as in Table 3.

Dwarf Pea Test

The results of the dwarf pea test are shown in Table 6. GA;,, GA;;, GA;,, GA;5 and
deoxy GA s were quite active. The activities of these gibberellins (except deoxy GAs) were
less than those of GA,, GAs, GA; and GA,, respectively. However, the differences were
not very large. Deoxy GA s was as active as GA ;. Among the new gibberellins tested, GA;,
was the most active in this assay. GA;, and GA;5 glucoside were inactive, while GA;;
and F-T showed only slight activities at the highest dosage of 10 ug/plant.

TABLE S. ACTIVITY OF GIBBERELLINS IN THE DWARF MAIZE (d5) ASSAY

ug gibberellin/seedling
10

Gibberellin 01 10

Aso 49-25 4 4-76 7525 + 7-07 95-60 -+ 8-05
Az, 5775 + 499 68-25 + 399 85-80 4- 5-16
As, 82:25 + 2-86 109-00 + 4-60 11125 + 340
Ass 4125 ++ 096 4875 £ 2-16 54-80 + 2-29
Asa 41-50 + 2-75 43-00 -+ 3-66 61-40 + 2-79
Ass 44-50 + 4-44 57-00 + 1-70 91-00 4 10-36
F1 41-75 + 3-01 43-00 + 2-37 61-80 + 2:25
Ajss glucoside 44-25 4 248 39-00 + 2-60 43-80 - 2-73
As 77-00 + 2-86 114-00 4 4-86 128-50 4 8-28
A, 50-75 -+ 5-55 76-00 + 7-39 101-80 + 5-26
As 54-50 + 4-55 8650 + 2-46 93-50 4 5-36
Aq 7775 + 4-28 95-00 + 3-26 120-50 + 2-75
deoxy As 71-00 + 643 88-75 + 8:35 98-00 + 4-81
Control 41-80 + 2-37

Values as in Table 3.
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TABLE 6. ACTIVITY OF GIBBERELLINS IN THE DWARF PEA (PROGRESS NO. 9) ASSAY
ug gibberellin/seedling
Gibberellin 0-1 1-0 10 Control
Aso 7800 4 4-15 —_ 21600 + 18-29 a
Asy 73-60 4 3-46 85-60 4- 871 107-60 + 3-42 ¢
As, 7400 + 8-71 82-80 4 7-94 153-00 + 15-49 g
A, 63-40 4- 3-05 67-80 + 1-56 82:20 4 658 g
Aag 53-60 + 2-54 5700 + 228 6250 + 1-15 g
Ajs 65-60 + 4-20 81-78 + 3-14 106:50 + 11-43 g
FI 72:40 4+ 1-00 76-20 + 7-73 97-80 4 8-:09 c
Aj;s glucoside 61-00 + 3-02 6400 + 2-04 60-40 4 1-22 d
A, 151-00 + 16:06 204-40 + 29-93 248-60 4 29-96 f
A, 87-40 + 4-96 114-60 + 1235 217-20 + 32-55 e
As 78-00 -+ 4-32 94-80 + 9-40 125-00 + 4:76 d
A, 119-20 + 7-03 166-00 4 27-27 230-20 + 24-67 e
deoxy As 84-40 4 4-48 100-60 + 11-86 125-00 &+ 11-21 b

Controls: (a) 64-40 £ 2-89; (b) 68-:00 4 1-72; (¢) 66-40 + 2-17; (d) 56-40 4 1-95; (e) 60-33 + 2-13;
(f) 68-60 + 1-89; (g) 56-00 + 2:32

Each value represents the mean epicotyl length (mm) -£s.e. (5 replicates).

Cucumber Test

The results of the cucumber test are shown in Table 7. GA;, was the most active of the
new gibberellins, its activity being higher than that of GA;. GA;, was much less active
than GA,; GA;; was almost as active as GA,. Both GA;; and GA; were inactive; deoxy
GA s was as active as GAj;. GAa3, GAs4, GA;; glucoside and F-1 were all inactive.

TABLE 7. ACTIVITY OF GIBBERELLINS IN THE CUCUMBER (NATIONAL PICKLING) ASSAY

ug gibberellin/seedling
1-0

Gibberellin 01 10 Control
Aso 27-30 4 0-53 34:30 + 0-83 —_ a
Asy 28-57 + 1-03 29-80 4 1-75 29-80 4 0-44 b
As; 32-30 4+ 217 44-10 4 1-92 61-80 + 3-00 b
Ass 29-60 4 1-66 29-50 & 075 30-00 4- 1-30 a
Aag 3070 4 1-58 26-86 4 1-13 28-60 & 0-86 ¢

35 32-:00 + 141 42-40 + 3-11 57-00 + 4-03 a
FI 27-50 + 1-39 29-80 4- 1-17 28:90 £ 0-77 c
Ass glucoside 2360 + 0-46 2600 + 072 2900 £ 112 c
As _— 39-80 - 1-29 51-00 £ 2-51 b
A, 41-70 4 2-14 48-00 4- 1-74 53-40 + 1-77 c
As 29-10 4 1-66 30-10 + 103 29-10 4- 098 c
A, 47-60 4 1-01 54-50 4- 2-10 51-90 4 2-02 c
deoxy A4 32-10 + 1-16 39-50 4+ 1-18 4670 + 1-48 ¢

Controls: (@) 27-67 X 0-94; (b) 29-00 & 2-79; (¢) 25-90 4 1-12

Each value represents the mean length (mm) +s.e. of a hypocotyl unit (10 replicates).
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DISCUSSION

In general GA;,, GA;; and GA;s were quite active, while GA;;, GA;, and GA;,
glucoside were inactive or only slightly active. GA;, exhibited very high activities in our
bioassays and was as active as GA ;. This result is in good agreement with that of Coombe.®
Thus, GA;, can be classified as one of the most active gibberellins, along with GA; and
GA,.

GA;, differs from GA; in possessing C-12 and C-15 hydroxyl groups. It is interesting
that the addition of hydroxyl groups to the positions of C-12 and C-15 of GA; does not
seem to affect biological activities. GA 5, has four hydroxyl groups; GAg4 has three and yet
it is generally inactive or only slightly active.” This implies that the degree of activity may
not be determined by the number of hydroxyl groups, i.e. the hydrophilic character of the
molecule, but by the position of hydroxylation. Comparison of GA, and GAg with GA;,,
which has the same A ring structure as GAg, indicates that the low activity or the lack of
the activity in GAg and GA,, is probably due to the presence of the C-28 hydroxyl group.
In fact, GA,4, GA,; and GA,4 which have the C-28 hydroxyl group have been reported
to have low activities.® High activity of gibberellins may be dependent upon the C-2 position
being free.

GA;, and deoxy GA; have the same A ring system but the former contains the C-12a
hydroxyl group. These two gibberellins generally showed a similar pattern of biological
activities in our bioassay systems. The same structure-activity was also observed for GA;,
and GA,. This suggests that the C-12a hydroxyl group generally does not affect the growth-
promoting effect.

However, in cucumber hypocotyl elongation, the effect of the C-12a hydroxyl group
on activity is different. GA;,, containing the C-12a hydroxyl group, showed low activity,
being much less active than GA,. It should also be noted that GA;;, an isomer of GA;,
as well as GA; itself, was inactive in the cucumber bioassay, while deoxy GA; is quite
active. It is well known®~!! that the gibberellins lacking the C-13 hydroxyl group such as
GA,, GA, and GA, show very high activity in this assay. These results may indicate that
the introduction of a hydroxyl group to either the C-12 or the C-13 position reduces the
activity in the cucumber hypocotyl elongation. The inactivity of GA,,” may support this
idea. It is quite interesting that GA,, and GA ;5 have quite high activity in this assay system.
GA ;, differs from GA;, in possessing two additional hydroxyl groups at C-13 and C-15,
and yet GA 5, is much more active than GA ;,. For the explanation of this fact it is necessary
to study the contribution of the C-158 hydroxy!l group to gibberellin activity. The high
activity of GA ;s may suggest that the C-118 hydroxyl group does not affect activity in this
assay. According to Brian ez al® the C-3 keto-compounds (I, II) derived from GA, and
GA, generally show low activities, but in cucumber hypocotyl elongation these are as active
as GA, and GA,. On the other hand, the C-3 keto compounds (III, IV) derived from GA,
and GA, are inactive in this assay. These results suggest that the C-3 keto group reduces
activity in general bioassay systems (except the cucumber hypocotyl elongation), while the
C-13 hydroxyl group reduces activity in the cucumber assay. The low activity of GA;; in
the cucumber test may be due to the C-12a hydroxyl group, although the effect of the C-13
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hydroxyl group cannot be excluded. On the other hand, low activities in other bioassays
are in good agreement with the observation by Brian et al.®

Murakamil? pointed out that GA5, GA, and GA,,, lacking the C-3 hydroxyl group,
show low activities in the Waito-C assay, but high activities in the Tan-ginbdzu assay. It is
noteworthy that GA;, and deoxy GA 5 showed similar activity patterns to these gibberellins
in the rice seedling assays.

GA;; glucoside with the C-118 equatorial glucosidic bond showed no activity in the pea
assay. This contrasts with the observation that GAg and GA,, glucosides having the C-28
equatorial glucosidic bond show almost the same activities as the respective aglycones in
the pea assay,® suggesting facile hydrolysis of the glucosides in pea plants. The ease of
hydrolysis of the glucosidic bond in pea plants may depend upon the position of the gluco-
sidic bond and not solely on its conformation.

EXPERIMENTAL

Dwarf rice test. The test was carried out according to the micro-drop method by Murakami!? and was
conducted at 30° under continuous fluorescence light (ca. 2800 1x). Rice seeds of Oryza sativa L., dwarf cv.
Tan-ginbdzu and Waitdo-C were used for the assay.

Dwarf maize test. The assay was conducted according to the method described by Tamura ef al.'® with
the following modifications. Gibberellins were dissolved in 209, acetone containing 0-1%; Tween 20, and a
50-u1 aliquot of the test solution was applied to each seedling (Zea mays L., mutants d,, ds and ds). The
seedlings were grown under the same conditions as those used for dwarf rice and after 7 days the length of
the 1st and 2nd leaf sheaths were measured.

Dwarf pea test. The test was conducted as described by Yokota et al.,® using seeds of Pisum sativum L.
var. Progress No. 9.

Cucumber test. According to the procedure described by Katsumi ef al.,** the assay was conducted using
Cucumis sativus L., cv. National Pickling.
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