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Abstract-The plant growth-promoting activities of new gibberellins, GA3er GA,r, GAJI, GAS3, GAS4, 
GAJ5 and GAS5 glucoside were evaluated in seven bioassays. In general GA3.,, GAS1 and GAa5 showed 
fairly high biological activities, whilst GASa, GAS4 and GAS5 glucoside were almost inactive. GAal was 
highly active, behaving similarly to GAB. It is suggested that the C-11 /3 and C-12a hydroxyl groups have little 
influence on growth-promoting activity, although the C-12~4 hydroxyl group reduces activity in the cucumber 
hypocotyl assay. 

INTRODUCTION 
OUR PREVIOUS papers1-4 reported the occurrence of GAsc, GAsI, GAss and GAs, in 
immature seeds of Calonyction aculeatum, GA,, in those of Prune persica and GA,, and 
its glucoside in those of Cytisus scoparius. 

enf - Gibberellone GA3 R,’ Rj- OH;R,= Rq=H GAS R,=H; R*=OH 

GA? R, = OH; R*= RI= Rd. H decay GA5 Rj = R2=H 
Gkao R,=R2=OH;R3=R4=H GA31 R, = OH. Rp H 
GAJZ R,- R2mR3= R4=OH 

GA.3 R, = OH;Rz=Rs=R.,=H 

GA8 RI = RL= R4=OH: R,=H 

GA 20 R, = R2= R,= H : R+=OH 

GAzs R,=Ra=H; R2=R4=OH 

GA34 R, =R,=OH:Ra=R4=H 

GA35 R,=Rs=O”:Rz=Ra=H 
GA, glueaside R, = R~=OH:R~=~B-(IIUCO.YI:R~=H 
GA,glucosids R,= Rx=+!: RZ=O-8-gl”cosyl;R,=OH 
GAuglucosidc R,=OH; Rz=Rq=H:Ra=OiB-p,ucosyl 

GAx (1) R=H (11) R=H 

UK) R = OH LIY) R = OH 

THE STRUCTURES OF f?tlt-GIBBERELLANE AND GIBBERELLINES ASSAYED IN THIS STUDY. 

'N.MUROFUSHI,T.YOKOTA~~~N.TAKAHA~ HI, Agric. Biol. Chem. 34, 1436 (1970). 
2 I.YAMAGUCHI,T. YOKOTA,N. MUROFUSHI,Y.OGAWA and N.TAKAHASHI, Agric.Biol. Chem.34,1439 

(1970). 
3 N. MIJROFUSHI, T. YOKOTA and N. TAKAHASHI, Agric. Biol. Chem. 35,441 (1971). 
4 H. YAMANE, I. YAMAGUCHI,N. MUROFUSHI~~~ N.TAKAHASHI, Agric.BioZ. Chem. 351144 (1971). 
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TABLE 1. ACTIVITY OF GIBBERELLINS IN THE DWARF RICE (TAN-GINB~ZU) ASSAY 
--_I I_- --_____-__ 

ng gibberellin/seedling 
Gibberellin 0.1 1.0 10 100 

A 30 19.80 & 0.59 17.40 J- 0.78 25.40 + 036 39.60 i 1.37 
A,, 17.40 IT 0.59 18.60 + 0.96 30.20 Sr 0.71 38.40 + 0.61 
A 32 19.20 .+ 1.11 25.60 & 0.96 31.40 + 1.22 49.80 f 2.36 
A33 18.40 ,L 0.54 16.60 + 0.61 17.80 It 0.66 19.80 & 0.33 
A 34 19.00 & 0.57 18.60 + 0.61 17%l i 0.49 21.20 & 0.33 
AZ.5 21.20 * 1.04 20.40 * 0.92 24.60 5 0.83 38.20 & 1.04 
FL IS.40 f 1.46 17.00 ri_ 0.49 17.20 & 1.04 28.80 zt 0.87 
As5 glucoside 17.20 + 0.52 17.80 rt 066 22.00 :: 0.80 24.80 & 0.59 
A3 23.40 i_ 1.82 28.60 t 2.17 35.00 I& 3.17 504.0 h 2.17 
A4 18.80 & 1.07 21.00 & 0.75 27.20 -I_ 1.73 49.20 i 3.41 
A, 22.80 + 1.18 26.20 + 044 33.00 rt 1.20 37.80 & 1.63 
A7 15.80 * 0~5.2 21.40 -_k 0.22 26.20 I 1.63 47.60 & 2.72 
deoxy A5 17.20 $ 0.66 22.80 _c 0.77 30.40 2: 0.78 45.60 k 2.63 

Control 17.00 & 0% 
-I__ ____- ___--_____--~ 

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

We report here the plant growth-promoting activities of these new gibberellins and the 
compound, F-l (a GA,, derivative),4 in seven bioassays, namely, the dwarf rice (Tan- 
ginbbzu and Wait&C), the dwarf maize (d,, d3 and d5), the dwarf pea (Progress No. 9) and 
the cucumber (National Pickling) assays. Since some of these new gibberellins contain 
C-11/3, C-12~ and/or C-15/3 hydroxyl groups in their structures, comparisons were made 
between their activities and those of such known C,, gibberellins as GAS, GA4, GA,, GA, 
and deoxy GA, to evaluate the effect of the hydroxyl groups at various positions in the 
ent-gibberellane5 skeleton on gibberellin activities. On a structure-activity basis, special 
attention was paid to the comparisons of GA,, with GA7, of GA,, and deoxy GAS with 
GAS, of GA,, with GA,, and of GA,, and GA,, with GA,. 

TABLE 2. ACTIVITY OF GIBBERELLINS IN THE DWARF RICE (WAIT&C) ASSAY 
I____ -- -__ _-. __---__-.. ____ 

ng gibberellin/seedling 
Gibberellin 0.1 1.0 10 100 

A 30 17.00 It 0.28 18.80 xt 0.18 22.40 4 0.61 38.60 i 1.15 
ASI 18.40 i 0.54 18.40 i 0.22 20.80 4 0.33 30.40 i 054 
A 32 19.80 zt 0.44 28.00 & 0.63 44.20 :I_ 0.33 52.00 i 2.17 
AU 16.60 _C 0.46 16.40 I 0.22 17.60 2: 0.22 19.20 & 0.33 
A 34 16.20 t 033 16.40 + 0.22 18QO = 0.40 21.80 + 0.77 
AX, IS.80 rt 0.33 17.80 + 0.33 23.20 k 0.52 41.00 f 2.21 
FI 17.20 $ 0.18 17.80 & 0.18 17.80 & 0.33 22.00 i 0.75 
A 35 glucoside 17.40 f 0.22 17.00 & 0.00 17.80 i 0.18 24.60 & 1.66 
A3 28.80 _C 024 31.60 & 0.66 4740 :c, 0.67 58.20 & 2.63 
Aa 17.40 I_ 0.46 19.80 & 0.44 30.60 .+ 1.78 53.80 & I.00 
As 18.20 i_ 0.52 18.20 I_t 0.18 26.00 + 0.75 38.80 e 0.66 
A7 19.00 i 0.49 21.60 f 0.61 32.20 m_i 1.56 54.20 z 1.15 
deoxy AJ 17.80 & 0.18 20.80 * 0.33 26.60 _- 0.61 45.20 & I.21 

Control 15.80 + 0.24 
___- -._- - .-- 

Values as in Table 1. 

’ The nomenclature of ent-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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Dwarf Rice Test 
RESULTS 

The results of the assays using Tan-ginbozu and Wait&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,,, GASI, GA35 and deoxy GA5 were also active. The activities of GA,,, 
GAB1 and GA,, were similar and were less than that of GAS. Deoxy GAS was slightly more 
active than these three gibberellins and was almost as active as GAS. 

TABLB 3. ACTIVITY OF GIBBERELLINSIN THEDWARF MAIZE (d,) ASSAY 

Gibberellin 0.1 
_____ __.~_~~ ~_~ ~_ ~~. 

pg gibberellin/seedling 
1.0 10 

A 30 61.20 & 4.32 105+Ml + 8.74 117.00 f 5.11 
All 50.40 * 244 6940 f 4.07 110.80 & 1.68 
A 32 85.20 f 6.06 11940 f 6.96 122.20 * 2.93 
A33 4@00 * 1.13 48.20 xk 1.04 70.20 f- 2.46 
k: 43.80 3540 f i 0.96 2.66 42.20 5940 f f 2.49 2.13 104.20 5540 f f 4.09 260 

FT 37.20 f 2.03 4840 f 3.92 83.20 f 3.03 
A35 glucoside 3660 & 1.15 4220 f 1.68 50.50 & 1.92 
AJ 79.75 f 2.56 106.80 f 2.32 128.60 & 7.26 
A4 6640 f 1.61 9640 & 4.84 10260 + 5.94 
A, 5840 f 2.92 8640 I!= 6.50 115.20 + 8.23 
A7 83.20 & 3.42 11560 + 1.54 133.80 f 7.06 
deoxy AS 6340 f 2.48 7260 & 4.45 12140 * 3.16 

Control 4103 + 1.72 

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

Comparison of activities between the two dwarf rice tests indicates that at 10 ng/plant, 
GA,,, GA, and deoxy GA5 were less active than GA, and GA, on Wait&C, but more 
active than GA4 and GA, on Tan-ginbozu. GASJ, GAJ4, GAS, 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 dl, d3 and d5 mutants are summarized in Tables 3-5 
respectively. GAS0 and GAJl showed almost the same degree of activity as that of GA, in 
the d, and da assays, whilst only GAS2 was as active as GA, in the d5 assay. 

The activities of GAS,-,, GAJ1, GAS, and deoxy GAS ranged from more than lO-100% 
of those of GA,, GA, and GA,. However, in the d5 assay, the activity of GAaO was ca. 
10% of that of GA, and even lower compared with that of GA3. GAS3, GAa4, GAJ5 
glucoside and F-I were genreally inactive, although slight but significant activities were 
observed at the highest dosage of 10 pg per plant in some cases. In the d3 assay F-I was as 
active as GAS5. 
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TABLE 4. ACTIVITY OF GIBBERELLINS IN THE DWARF MAIZE (&) ASSAY 

Gibberellin 

f&O 
All 
A32 
AU 
A 34 
A35 
FI 
A35 glucaside 
A3 
‘44 
A5 
A, 
deoxy AS 

pg gibberellin/seedling 
0.1 1.0 10 

~. - ___-._- 

66.75 * 3.15 10004 _t 3.21 105.40 + 5.65 
42.25 f 1.29 63.60 ic 2.57 97.90 & 4.91 
86.75 i 3.90 117.20 i_ 2.88 118.80 rrt 3.32 
35.25 + 1.24 41.60 & 1.78 61.60 & 1.97 
34.25 .ir 0.54 39.20 I 2.01 5060 5 3.01 
40.75 :I: 0.74 50.40 -i: 1.56 86,40 i 4.03 
41.50 & 3.58 49.60 i- 2.60 73.00 jr 5.16 
35.50 -f 1.15 37.20 JI 1.25 44.20 5 1,31 
66.60 1: 2.43 94.40 * 4.1 I 120.20 rt 4.88 
55.50 * 3.91 79.80 & 2.32 109.75 f 6.78 
52.67 & 2.60 81.20 _t 3.04 103.80 -t 4.42 
68.80 i 3.53 109-00 _c 3.87 108-00 i 4.66 
48.00 1 3.09 69.20 i 5.38 99.60 -f 3.95 

Control 

Values as in Table 3. 

37.20 + 0.44 

Dwarf Pea Test 

The results of the dwarf pea test are shown in Table 6. GA,,, GABI, GA,,, GAS5 and 
deoxy GA, were quite active. The activities of these gibberellins (except deoxy GAS) were 
less than those of GA7, GAS, GA, and GA4, respectively. However, the differences were 
not very large. Deoxy GA, was as active as GAS. Among the new gibberellins tested, GAS,, 
was the most active in this assay. GA 34 and GA,, glucoside were inactive, while GA,, 
and F-I showed only slight activities at the highest dosage of 10 pg/plant. 

TABLE 5. ACTIVITY OF GIBBERELLI~S IN THE DWARF MAIZE (d5) ASSAY 

Gibberellin 0.1 
pg gibberellin/seedling 

1.0 10 

A 30 49.25 & 4.76 75.25 I& 7.07 95.40 _t 8.05 
AS, 57.75 i 4.99 68.25 + 3.99 85.80 i_ 5.16 
A 32 82.25 lir 2.86 1090l I& 4.60 111.25 * 3.40 
A33 41.25 + 0.96 48.75 i 2.16 54.80 rt 2.29 
A 34 41.50 + 2.75 43.00 = 3.66 61.40 & 2.79 
A35 44.50 i 4.44 57.00 + 1.70 91.00 k 10.36 
FI 41.75 * 3.01 43.00 + 2.37 61.80 & 2.25 
AS5 glucoside 44.25 4 2.48 39.00 & 2.60 43.80 + 2.73 
A3 77.00 & 2.86 114.00 ?Z 4.86 128.50 f 8-28 
A4 50.75 i 5.55 76.00 % 7-39 101.80 + 5.26 
A5 54.50 + 4.55 86.50 + 2.46 93.50 f 5.36 
A7 77.75 It 4.28 95.00 * 3.26 120.50 & 2.75 
deoxy AS 71.00 5 6.43 88.75 i 8.35 98.00 i 4.81 

Control 41.80 & 2.37 
I__- 

Values as in Table 3. 
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TABLE 6. ACWJITY OF GIBBERELLINS IN THE DWARP PEA (PROORESS No. 9) ASSAY 

Gibherellin 0.1 
pg gibberellin/seedling 

1.0 10 Control 

AGO 78.00 f 4.15 216Ql f 18.29 a 
A31 73.60 + 3.46 85.60 & 8.71 107.60 i 3.42 C 

A32 74.00 + 8.71 82.80 f 7.94 153.00 f 15.49 g 
A33 63.40 f 3.05 67.80 f 1.56 82.20 f 6.58 g 
A34 53.60 5 2.54 57.00 f 2.28 62.50 f 1.15 g 
A35 65.60 f 4.20 81.78 f 3.14 106.50 f 11.43 &? 
FI 72.40 f 1.00 76.20 $1: 7.73 97.80 f 8.09 
AS5 glucoside 61.00 + 3.02 64.00 * 2.04 60.40 f 1.22 : 
A3 151.00 + 16.06 204.40 f 29.93 248.60 f 29.96 f 
A.? 87.40 f 496 114.60 f 12.35 217.20 + 32.55 
A5 78.00 + 4.32 94.80 + 9.40 125.00 f 476 : 
A7 119.20 f 7.03 16600 f 27.27 230.20 f 24.67 
deoxy AS 84.40 i 448 10060 * 11.86 125.00 f 11.21 ; 

Controls: (a) 6440 f 2.89; (b) 68.00 f 1.72; (c) 66.40 f 2.17; (d) 56.40 f 1.95; (e) 60.33 f 2.13; 
(f) 68-M) f 1.89; (g) 56.00 f 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 GAS. GAS,, was much less active 
than GA,; GAS5 was almost as active as GA.+. Both GAS1 and GA5 were inactive; deoxy 
GA5 was as active as GA,. GAJJ, GAS4, GA,, glucoside and F-I were all inactive. 

TABLE 7. ACTIVITY OF G~BERELLINS IN -rki~ CUCUMBER (NATIONAL PICKLING) ASSAY 

Gibberellin 0.1 
pg gibberellin/seedling 

1.0 10 Control 

A 30 27.30 & 0.53 3430 + 0.83 
Ajl 28.57 f 1.03 29.80 & 1.75 29.80 f O44 z 
A32 32.30 * 2.17 44.10 f 1.92 61.80 f 3.00 b 
A33 29.60 f 1.66 29.50 i 0.75 3o+lO f 1.30 a 
A34 30.70 f 1.58 26.86 f 1.13 28.60 + 0.86 C 

A35 3200 + 1.41 42.40 + 3.11 57.00 f 4.03 a 
FI 27.50 rt 1.39 29.80 & 1.17 28.90 & 0.77 c 
AS5 glucoside 23.60 i 0.46 26.00 f 0.72 29.00 + 1.12 
A, 39.80 f l-29 51.00 zt 2.51 ; 
A4 41.70 f 2.14 48.00 i 1.74 53.40 f 1.77 c 
A5 29.10 f 1.66 3010 i 1.03 29.10 f 0.98 c 
A, 47.60 f 1.01 54.50 f 2.10 51.90 f 2.02 C 

deoxy A7 32.10 + 1.16 39.50 f 1.18 46.70 & 1.48 C 

Controls: (a) 27.67 f 0.94; (b) 29.00 f 2.79; (c) 25.90 f 1.12 

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

In general GAJO, GA,, and GA,, were quite active, while GASJ, GAS4 and GASJ 
glucoside were inactive or only slightly active. GA 32 exhibited very high activities in our 
bioassays and was as active as GAS. This result is in good agreement with that of Coombe.6 
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,, has four hydroxyl groups; GA, has three and yet 
it is generally inactive or only slightly active. 7 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 GA, with GAX4, 
which has the same A ring structure as GA,, indicates that the low activity or the lack of 
the activity in GA8 and GA,, is probably due to the presence of the C-2/3 hydroxyl group. 
In fact, GA,,, GA,, and GA,, which have the C-2/3 hydroxyl group have been reported 
to have low activities.8 High activity of gibberellins may be dependent upon the C-2 position 
being free. 

GA3, and deoxy GAS have the same A ring system but the former contains the C-12~ 
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-12~ hydroxyl group 

on activity is different. GAS,,, containing the C-12~2 hydroxyl group, showed low activity, 
being much less active than GA7. 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 known9-’ l 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 GAzo7 may support this 
idea. It is quite interesting that GAJ2 and GA,, 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,, is much more active than GA,,. For the explanation of this fact it is necessary 
to study the contribution of the C-15/3 hydroxy1 group to gibberellin activity. The high 
activity of GA,, may suggest that the C-l l/3 hydroxyl group does not affect activity in this 
assay. According to Brian et al9 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-12~ hydroxyl group, although the effect of the C-1/3 

6 B. G. COOMBE, Science 72, 856 (1971). 
’ A. CROZIER, C. C. Kuo, R. C. DURLEY and R. P. PHARIS, Can. J. Bar. 48, 867 (1969). 
8 T. YOKOTA, N. MUROFUSHI, N. TAKAHASHI and M. KATSUMI, Phytochem. 10, 2943 (1971). 
9 P. W. BRIAN, J. F. GROVE and P. T. C. MULHOLLAND, Phytochem. 6, 1475 (1967). 

lo G. V. HOAD, Planta 87, 164 (1969). 
I1 R. P. PHARIS, A. CROZIER, D. M. REID and C. C. Kuo, Can. J. Bot. 47, 81.5 (1969). 
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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 aLg 

Murakami12 pointed out that GA,, GA, and GAzo, lacking the C-3 hydroxyl group, 
show low activities in the Wait&C assay, but high activities in the Tan-ginbbzu assay. It is 
noteworthy that GAB, and deoxy GA, showed similar activity patterns to these gibberellins 
in the rice seedling assays. 

GAS5 glucoside with the C-l lj3 equatorial glucosidic bond showed no activity in the pea 
assay. This contrasts with the observation that GA, 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 Murakamir2 and was 
conducted at 30” under continuous fluorescence light (ca. 2800 lx). Rice seeds of Oryzu sativu L., dwarf cv. 
Tan-ginbbzu and Wait&C were used for the assay. 

Dwarf maize test. The assay was conducted according to the method described by Tamura et a1.l3 with 
the following modifications. Gibberellins were dissolved in 20% acetone containing 0.1% Tween 20, and a 
50-4 aliquot of the test solution was applied to each seedling (Zeu muys L., mutants d,, d3 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.,8 using seeds of Pisum sativum L. 
var. Progress No. 9. 

Cucumber test. According to the procedure described by Katsumi et al., l4 the assay was conducted using 
Cucumis sativus L., cv. National Pickling. 
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