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Abstract-The application of high pressure liquid chromatography to the purification and identification of con- 
jugated gibberellins was examined. Two kinds of reversed phase columns, octadesylsilanized and dimethylsilanized 
silica gel, were useful for the isolation and identification of gibberellin A, glucoside and gibberellenic acid glucoside 
from immature seeds of Quamoclit pennata. 

INTRODUCTION 

The progress in the isolation techniques and analyses of 
gibberellins has made it possible to characterize as many 
as 52 free gibberellins [l]. The data on paper, thin layer, 
column and gas-liquid chromatographic behaviour of 
free gibberellins are well documented and these methods 
are used for the purification and identification of gib- 
berellins in plant extracts and in Gibberella jiijikuroi. 
Moreover, the combination of a purification technique 
and an identification method, such as GC-MS including 
mass fragmentography, provides a powerful tool for the 
identification of extremely small amounts of naturally 
occurring free gibberellins. 

Twelve conjugated gibberellins have been isolated 
[2-91 and they are found mainly in seedlings, immature 
and/or mature seeds thus indicating that they play im- 
portant roles in seed maturation and germination 
[lo, 111. The purification and identification methods for 
conjugated gibberellins, however, have not been de- 
veloped very well compared to those for free gibberellins. 

This paper describes the application of high pressure 
liquid chromatography (HPLC) to the purification and 
identification of conjugated gibberellins. Conjugated 
gibberellins in immature seeds of Quamoclit pennata were 
efficiently purified and identified by this method. 

RESULTS AND DISCUSSION 

Two kinds of reversed phase partition column were 
used and inorganic buffers and their mixtures with 
methanol, which can be monitored at 20&210 nm end 
absorption, were chosen as solvents because conjugated 
gibberellins do not show any characteristic UV ab- 
sorption. 

The results are summarized in the tables. Table 1 gives 
the results obtained from the column packed with 
Wakogel ODS. Experiment A was performed with 
10 mM NH,Cl of pH 3.2 and its mixture with methanol*. 

* This solvent system is convenient for recovery of samples 
because it is easily evaporated. However, it is corrosive and lines 
must be flushed with water immediately after use. 

With the pure buffer, samples were hardly eluted. Only 
gibberellin A, glucoside (A,-2-G) and A,,-2-G were 
eluted at 17.5 and at 16.8 min respectively at the flow rate 
of 90 ml/hr. With the mixture containing l&15% 
methanol in the buffer, gibberellin glucosides were well 
separated though A,,-11-G was eluted too slowly. An 
increase in the methanol content to 30% greatly 
shortened the retention time (R,), but the separation was 
insufficient. In this condition, however, polar glucosyl 
esters such as gibberellin A, glucosyl ester (A,GE), 
A,GE and A,,GE began to be eluted, while less polar 
ones such as A,GE and A,,GE were still retained 
(R, > 25 min). In conditions VI and VII, A,GE and 
A,,GE, which possess the same R, values on TLC in 
several solvent systems, were eluted separately, while 
others came out at the solvent front. 

Experiment B was performed with various concentra- 
tions of methanol in 10 mM NH,Cl of pH 6.0 after re- 
packing the column. In condition VIII, all the glucosyl 
ethers were sufficiently separated. Glucosyl esters, ex- 
cept for A,GE and A,,GE, were well separated in 
condition X. 

Experiment C was carried out to clarify the effect of 
pH on the retention time. The R, of glucosyl ethers was 
greatly influenced. The lower the pH, the longer the 
glucosyl ethers were retained. It is noteworthy that the 
retention times of A,-3-G and A,,-11-G were particu- 
larly influenced by pH and the order of elution was 
reversed; in condition XIII, the R, of A,-3-G was longer 
than that of A,,-1 l-G, while it was smaller in condition 
XIV. As expected, the R, of glucosyl esters was hardly 
influenced by pH. Though glucosyl esters were retained 
a little longer at lower pH, this seemed to be due to the 
slight difference in methanol content which could be 
caused in the degassing process. 

Table 2 contains the results obtained from the column 
packed with silanized Merksorb SI 60. Experiment D 
was performed with 10 mM NH,Cl of pH 3.2 containing 
various concentrations of methanol and in experiment 
E the pH of the buffer was raised to 5.5. In condition XV, 
though A,-2-G and A,,-2-G showed the same R,, other 
glucosyl ethers were clearly separated. In condition 
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Table 1. Retention time (min) on Wakogel LC, ODS-1OH 

Experiment A B C 
condition I II III IV v VI VII VII1 IX X XI XII XIII XIV 

A,-3-G -~ 19.0 - 4.7 -- - - _ _~ 

A,-13-G - 12.4 - 3.4 - - - 
A,-3-G -- 16.8 13.3 4.1 2.7 - -- 19.0 3.3 2.0 4.9 
A,-2-G 17.5 4.5 4.0 1.7 1.3 - - 4.2 1.2 - - - 1.0 2.0 
A,,-2-G - -- 10.5 - 2.4 - - 6.0 1.5 1.3 4.7 
A,,-2-G 16.8 4.2 3.6 1.6 1.3 - - 3.3 1.1 ~~ 1 .o 2.0 
A,,-11-G - 27.0 21.2 5.8 3.9 1.0 2.0 10.5 2.2 - 1.9 1.9 7.9 
Gibb.G - 9.5 7.6 -. _. _ _ 4.9 1.4 _ -. -. 1.0 2.5 
A,GE 3.9 1.0 2.0 15.2 2.8 1.0 1.9 7.3 7.5 
A,GE 3.4 1.0 1.9 13.0 2.3 0.8 1.8 6.3 6.5 
A,GE - >2.5.0 2.2 4.5 - >2.5.0 18.0 2.2 4.6 >2.5.0 >25.0 
A,,GE - - - - >25.0 1.8 3.2 _ >25.0 12.2 1.9 3.2 > 25.0 > 25.0 
A,,GE -- - - - 3.3 1.0 1.9 13.0 2.3 0.8 1.8 6.0 6.1 

A, 
_ _ 2.2 8.9 

A, - - - - - 2.2 7.8 
A, - >25.0 -- 
A, - 4.4 - 
A, - - - 1.0 2.0 
A - - -- 27 6.0 
A - 36 5.5 - 

I: 10 mM NH,Cl (pH 3.2), 90 ml@; II: 10% MeOH in 10 mM NH,Cl (pH 3.2), 60 ml/hr; III: 15 % MeOH in 10 mM NH,Cl 
(pH 3.2), 60 ml/Iv; IV: 20% MeOH in 10 mM NH,Cl (pH 3.2), 60 mlfir; V: 30% MeOH in 10 mM NH,Cl (pH 3.2), 60 ml/hr; VI: 
50% MeOH in 10 mM NH,Cl (pH 3.2), 60 ml/hr; VII: 50% MeOH in 10 mM NH,Cl (pH 3.2), 30 mljhr; VIII: 57; MeOH in 
10 mM NH,Cl (pH 6.0), 60 ml/hr; IX: 15 % MeOH in 10 mM NH,Cl (pH 6.0), 60 ml/hr; X: 30% MeOH in 10 mM NH,Cl (pH 6.0), 
60 ml/hr; XI: 50% MeOH in 10 mM NH,Cl (pH 6.0), 60 ml/hr; XII: 50% MeOH in 10 mM NH,Cl (pH 6.0), 30 ml/hr; XIII: 20 7; 
MeOH in 10 mM NH,Cl (pH 5.6). 60 ml/hr; XIV: 20% MeOH in 10 mM NH,Cl (pH 3.2). 60 mlhr. 

Table 2. Retention time (min) on silanized Merksorb SI 60 

Experiment D 

condition XL XVI XVII 
- 

A,-3-G 
A,-13-G 
A,-3-G 
A,-% 
.&-2-G 
A,,-3-G 
A,,-1 I-G 
Gibb.G 
A,GE 
A,GE 
A&GE 

As,GE 
AWGE 
A, 
A, 
A, 
A* 
A,- 
A 3h 

5.0 
2.6 
4.7 
2 (1 
5.6 
1.7 

- 

- 
- 

2.6 2.1 
2.0 ~- 
2.5 
2.0 2.0 
2.9 
- - 

- 2.0 
- 2.0 
- 2.8 
- 2.6 
- 2.0 

3.2 2.2 
2.8 2.2 
5.2 2.7 
2.4 2.2 
5.4 2.7 
7.2 2.9 

E 

xv111 XIX xx 

4.2 
1.8 
2.0 
1.6 
2.4 
1.8 

- - 

1.6 1.6 

1.6 1.6 

3.2 
3.2 

16.5 
10.0 

3.2 

3.0 
3.0 
8.0 
6.2 
3.0 
1.8 
1.8 
2.2 
1.8 

XV: 10% MeOH in 10 mM NH,Cl (pH 3.2), 40 ml/hr; XVI: 
30% MeOH in 10 mM NH&Cl (pH 3.2), 40 ml/hr; XVII: 50% 
MeOH in 10 mM NH,Cl (pH 3.2), 40 ml/hr; XVIII: 10 mM 
NH,Cl (pH 5.5), 40 ml/hr; XIX: 20% MeOH in 10 mM NH&Cl 
(pH 5.5),40 ml/hr; XX: 30% MeOH in 10 mM NH,Cl (pH 5.5), 
40 ml/hr. 

XVIII, A,-2-G and gibberellenic acid glucosyl ether 
(Gibb-G) showed the same R,. but others were well 
separated. In experiments D and E, A,GE, A,GE and 
A,,GE could not be separated at all, while A,GF and 
A,,GE were well separated in experiment E. 

The minimum detectable amount was checked with 
A,,-1 1-G in condition IV. monitored at 200 nm. A clear 
peak was observed with 200 ng but a distorted peak was 
obtained with 20 ng. There is no doubt that the minimum 
detectable amount depends on the monitoring wave- 
length and R,; with longer RJ more sample is required 
because a broad peak is obtamed. However. HPLC can 
be a useful tool for the semi-quantitative analysis of 
conjugated gibberellins. 

To test the potential use of this technique, we applied 
it to the final step of the isolation and identification of 
gibberellin glucosyl ethers in immature seeds of Quamo- 
clit pennata (Bojer). The fraction, partially purified by the 
conventional techniques as described in the Experimen- 
tal, was submitted to HPLC analysis by condition III 
monitored at 210 nm. As shown in Fig. 1, four peaks were 
observed; peaks B and D showed the same R,s as those 
of Gibb-G and A,-3-G, respectively. The effluent of each 
peak was concentrated separately at pH 7.0 and sub- 
mitted to the second column with system XV. On the 
second column, the concentrate of peak B gave a single 
peak with the same R, as that of Gibb-G. Peak D gave a 
single peak with the same R, as that of A,-3-G. Thus. the 
glucosyl ethers present in immature seeds of Quumoclit 
pennata were identified as A,-3-G and Gibb-G but the 
latter is expected to be an artifact of the former. This 
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Fig. 1. HPLC of conjugated gibberellins from Quamoclitpennata. 
Wakogel LC, ODS. 15 % MeOH in 10 mM NH,Cl (pH 3.2), 
60ml/hr. A and C: unidentified (non-gibberellin-like); B: 

Gibb-G; D; A,-3-G. 

conclusion was further confirmed by MS of the methyl 
ester trimethylsilyl ethers of the concentrates of the 
HPLC column effluents [12], while MS analyses of the 
concentrates of peaks A and C showed these were not 
conjugated gibberellins. 

This experiment proves the effective applicability of 
HPLC to the isolation and identification of naturally 
occurring conjugated gibberellins. Further simplification 
of pre-purification steps required prior to HPLC 
application may increase the utility of HPLC in this 
field. 

EXPERIMENTAL 

Samples. Most of the conjugated gibberellins used in this 
experiment were isolated or prepared in our laboratory [2,5-71; 
3-0-p-glucosyl gibberellin A, (A,-3-G) and 13-0-/3-glucosyl 
gibberellin A, (A,-13-G) were gifts from Professor Sembdner 

[‘31. 
Instrwnent and wlwnn packing. A Varian Aerograph Model 

8500 equipped with a programmer for gradient elution mode 
and connected to a detector unit, Uvi Dee-100 of JASCO, was 
used. Stainless steel columns (250 x 2 mm) purchased from 
NEVA were packed as follows. Wakogel LC, ODS-1OH for 
HPLC (particle size 10 pm) and silanized Merksorb SI 60 for 
liquid chromatography under pressure (medium particle size, 
5 pm) were suspended in CHCl, and packed into columns with 
the help of a packer purchased from NEVA. Prior to use, the 
columns were washed with 20 ml CHCl,, 100 ml MeOH and 
250 ml H,O, successively. 

Preparation of solvents and setting q/ experimental conditions. 
Buffer solns were prepared by adjusting the pH of 10 mM NH,Cl 
with cone HCI or cone NH,OH. For the gradient elution, 
solvent reservoir A was charged with pure buffer and reservoir 
B with 50 % MeOH in the buffer, both of which were degassed by 

a water aspirator for 10-15 min. To find suitable concns of 
MeOH, programmed gradient elution modes were used and 
after finding appropriate MeOH concns, samples were devel- 
oped isocratically: firstly, in a gradient method with the solvent 
system MeOH aq. buffer, some ghost peaks appear to confuse 
peak identification; secondly, an isoclatic method is convenient 
to run samples in rapid repetition and gives high reproducibility 
compared to a gradient method, since with the latter method the 
column has to be reequibilated prior to each run. 

All experiments were performed at room temp. However, 
solvents were warmed by the heat of the instrument and this 
influenced the R,. To prevent this problem, the instrument was 
switched on for 34 hr prior to the experiments to be warmed up 
to a constant temp. 

Isolation of conjugated gibberellins from immature seeds of 
Quamoclit pennata. (1) Extraction a,ldfiactionation. The imma- 
ture seeds (1.7 kg) were homogenized in MeOH using a blender 
and extracted 3 x with MeOH. The extracts were combined and 
condensed in vacua to give an aq. residue, which was first ex- 
tracted 3 x at pH 7 with C,H, to give a soluble neutral (NBz) 
fraction (7.13 g) and then with EtOAc to give a second soluble 
neutral (NE) fraction (2.07 g). The aq. residue was adjusted to 
pH 3 and extracted with EtOAc and n-BuOH successively, to 
give an EtOAc soluble acidic (AE) fraction (6.54g) and a n- 
BuOH soluble (NAB) fraction. The AE and NAB fractions 
showed high gibberellin activity on rice seedlings. 
(2) Charcoal chromatography. The NAB fraction, which was 
expected to contain conjugated gibberellins, was submitted to a 
charcoal column (30g) eluted with Me,C@H,O mixture in- 
creasing the Me,CO concn by 10 ‘A steps in 500 ml fractions. The 
fractions eluted with 40 (500 mg), 50 (240 mg) and 60 % (370 mg) 
Me,CO in H,O showed gibberellin activity. Charcoal chroma- 
tography was repeated on the fractions of 40 and 50 % Me,CO 
by using a charcoal column (log) eluted with Me,CO-H,O 
mixtures increasing the Me,CO concn by 10 % steps in 300 ml 
fractions. The fractions of 50 (45 mg) and 60% (8 mg) Me,CO 
of the second column showed the strongest activity. Thus, the 
fractions of 60% Me,CO of the first column and 50 and 60% 
Me,CO of the second column were combined to give a gum 
(423 mg). 
(3) Partitiw chromatography and PLC. The gum (423 mg) ob- 
tained in (2) was submitted to a partition column of Sephadex 
G-50 (6g) impregnated with M phosphate buffer of pH 5.5 
and eluted with EtOAc-n-BuOH (9: 1) in 50 ml fractions. Each 
fraction was checked by TLC on Si gel in CHCl,-MeOH- 
HOAc (50: 20: 3). Fractions 9-l 1 showed fluorescence charac- 
teristic of gibberellins at 3650 A after spraying with 70% H,S04 
and heating. Fractions 9-l 1 were combined (110 mg) and sub- 
mitted to PLC on Si gel developed in the same solvent system 
mentioned above. The zone from R, 0.2 to 0.4 was scraped off 
and extracted with MeOH. The MeOH extract was coned to 
give a gum (24 mg) and submitted to a partition column of 
Sephadex LH-20 (2 x 40cm) eluted with n-BuOH-H,O 
(6: 100) in 2 ml fractions. Fractions 14-22 showed the charac- 
teristic fluorescence mentioned above and were combined 
(1.2 mg) to be submitted to HPLC analysis. 
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