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Al&act-From approxim&oly 30 kg of shoot apices from vernalized plants of a biennial strain of Althuea 
rose0 four biologically active substaxq designated Xl, X2. Y and 2, were isolated and m. All 
four stimulato the elongation of Avma maocotyl~ons;thrwofthem(X,,Xz,Y)arsactiMin~dwarf 
maize (d-3) test. X, and X2 am also acti- in the lettuce hypocotyl tad, and cau9c tho germination of lettuce 
seeds (var. Grand Rapids) in total darkness, though X1 is less effective than X2. Tho data from physical 
aaalysw(mass why, fluorcacenm, melting point) of theas substances, together with the results of the 
various bioassays, show that the substases X1, X2, and Y am identical with gibber&w &. As and Al. 
respectively. Compound Z has not been identified chemically. 

INTRODUCTION 

IN RBCENT yems, a number of growth substances have been isolated from immature seeds 
or young fruits which are generally rich in these compounds (see review by Nitschl). This 
has not been the case, however, with growing shoot apices, although they are known to 
contain a variety of endogenous growth factors. The main difficulty arises from the extremely 
low concentrations present in these tissues. Nevertheless, in 1959, Sumiki and Kawaradaz 
isolated GAr* from water sprouts of citrus trees, and very recently Tamura et uZ.~ reported 
the isolation of a “bamboo gibberellin” from the bleaching water of 44 tons of bamboo 
shoots. 

We have reported earlier (Harada and Nitsch’) the presence of several growth substances 
in the shoot apices of AMuea rmeu, which undergo quantitative changes during the develop 
ment of this plant. In particular, there is a marked increase after vernal&&ion in the activity 
of one factor, called “substance E”. Several biological and chemical properties of this 
substance have been determined but, due to lack of material, its exact chemical nature 
remained to be defined. The present paper concerns the identification of four of the substances 
extracted from the apices of Althaea rosea. 

RESULTS 

Four biologically active substances, designated X1, X2, Y and Z, were isolated and 
crystallized from the slightly acid, ethyl-acetate fraction, and three of them were subsequently 
identified. 

l Abbreviation: GA1 stands for gibberellin Al, for example. 
l J. P. Nnscn, Handbuch a’er PprmzmpAys~obgie (edited by W. RUHLAND ), VOL 15, p. 1537 (1965). 
2 Y. SUMIKI and A. KAWARADA, Pkmt Growth RcgulaNon. p. 483, Iowa Stats University Press, Ames. Iowa 

(1959). 
3S.Twuu.N.Tsuxusiq N. MUROFUSHI, S. Imucsiumu, J. I&TO. Y. WNu, E. WATANABB and T. 

AOYAMA, Tctrahedtm Letters 22,246s (1966). 
4 H. HAMDA and J. P. Nrrscw, Ann. Physzbl. V&. 3,193 (l%l). 
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Isolation of gibbcrcllins Al, AS, Ap and a fourth substance from AIthoea rosea Cav. 1697 

Biological Properties of Substances Xl, X2 Y and 2 

The biological properties of the substances Xr, X2, Y and 2 have been determined in 
four different tests. 

(a) Avena rne.socotyZ test. As shown in Figs. 1 and 2, substances Xr, X2 and Y are nearly 
as active as GAs in the Avenu first-internode test. Substance Z is less active than GA, at 
concentrations below 100 &l. The response curves of the four substances are different 
from that of indoleacetic acid (IAA). 

(b) Dwarf maize test. Mutant “dwarf-3” responded to substances X1, X2 and Y, but 
not to substance Z, within the range of concentrations tested (Figs. 3,4). The response curve 
of substance Xz was nearly parallel to that of GA3. Substance Z was also inactive on mutant 
“ dwarf-5 ” (Fig. 5). 

“J 
MARE 63 

I 
)~^_~~_~~_~_~__~~~~~~_~__~~--~_ __________ 

I 

WQE d-3 

FIO. 3. EFFECIS OF SUBSIAN~~~ X1 AND X2, AND OF GA3 FIo.4. E~M~~~OFSUBSTAN~BYNVD~,AND 
ON THE EL4lNGATION OF ‘IXiJJ FlRST AND SEOOND LUF OF GA, ON Tm FICMGATION OF IER r’ntsr AND 

SIiJiAllL9 OF DWARF-3 MAIZE SKEDLINOS. E.ACH POINT SECOND LJXP SHEATHS OF DWARF-3 MAIZE 

REPRUENIS’IliEAVERAGEOFTENPLANIS. SEEDLINGS. 

(c) Lettuce seedgenninution test. As seen in Fig. 6, substance X2 was practically as active 
as GAS in promoting germination in total darkness. The activities of substances Y and X1 
were lower than that of GAJ. Substance Z was inactive, at least at concentrations of 10 
mg/l and below. Higher concentrations could not be tried because of the small amounts of 
substances available. 

(d) L&&e hypocotyZ test. This test was car&xl out only with substances X1 and Xs. 
Both were active, substance Xs stimulating growth more than Xr at concentrations of 100 
pg/l and above (Fig. 7). 

In brief, the results obtained with four biological tests show that substances XI, Xsand Y 
possess gibberellin-like activities, while substance 2 does not. 

107 
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Isolation of gibkrcllhs Al, A,, & and a fourth substance from Althaea rosea Cav. 1699 

Physical Properties 

(a) Aspects of the crystals. Substance X1 crystallized in the form of needles, substance 
Xs in the form of platelets, substance Y in the torm of prisms and substance Z in the form 
of needles also. 

(b) Rf values andjluorescence. The Rf values of substance Y on silica gel G with the 
solvent system l* of MacMillan and Suter5 and on kieselguhr with their solvent system 3t 
were 0.05-0-l and O-5+6, respectively. Both the Rf values and the blue color of the fluores- 
cence which developed after spraying with HsSO, and heating at 110-120” correspond to 
those of GAt. 

The R/ values of substances Xt and X2 chromatographed on silica gel G in 90 % isopro- 
panol were O-55-0.6 and O-35-0*4, respectively, corresponding to those of GAs and GAs. 
The Rf values of X1 and Xz on silica gel G with solvent system 1 were 06-0~7 and 0~15-0~25. 
These two Rf values are in accordance with those obtained by us with authentic samples 
of GAs and GAs, respectively, but slightly different from that reported by MacMillan and 
Suter.6 With the sulphuric acid reagent, X1 produced a purple fluorescence (as did GA,), 
and X, a blue fluorescence (as did GA,) after heating at 110-120” for 10 min. 

(c) Melting points. The melting points of the four substances are as follows: 

substance Original fraction+ Quantity obtained 
(me) 

Melting point 

Xl 

x2 

Y 
Z 

AE-Ia, 
AE-Ia 

AE-lb 
AE-II 

2.5 1!IO-2O5o 
5.0 225-232O 

234-241° 
3; 296-301° 

(decomposes with gas evolution) 

l See Experimental Section. 

The melting point of Y is in good accordance with that of GA1 (235-240”) reported by 
MacMillan and Suter.6 

(d) Mass spectrometry and molecular weights. The mass spectrograph gave 316 as the 
molecular weight of substance Xr, which is that of GAs. Both substances produced secondary 
peaks at 298,272,229,203, etc. Similarly, the molecular weight of substance Xs was shown 
to be 346, with other peaks at 328, 300, 284, 136, etc. All these peaks were found with an 
authentic sample of carefully puri8ed GA3 (Fig. 8). 

In the case of substance Y, the molecular weight was 348, which is the same as that of 
gibberellin At. Other peaks were found at 330,302,261,163,149,135-136 and 121 for both 
substance Y and a sample of GAr. For substance Z, the mass spectrograph gave a possible 
molecular weight of 368, although traces of compounds with higher molecular weights were 
also present; other peaks were located at masses 353, 256,246-247, 149, etc. 

(e) U.V. absorption spectra. The U.V. absorption curves obtained with substances X1, 
X, and Y in methanol were practically identical with those of gibberellins As, A, and AI, 
respectively. Substance Z showed practically no absorption in U.V. light. 

+ IX-isopropyl ether: acetic acid (95 : 5). 
t &mxnc:propionicacid:H~O (8:3:5). 

s J. ~~ACMILLAN and P. J. SUIXR, Nature 197,790 (1%3). 
6 J, IUchllLLAN and P. J. SUIER, Naturwth. 45.46 (1958). 



1700 H. HARADA and J. P. NIXCH 

, 136 Sub. X2 to4 300 n?8 346 

I 
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PO0 300 

Fro. 8. MA.% SPEClRA OF SURsl ALCl s: 41D GA,. 

CONCLUSIONS 

Idet1tit.v of the isolated substances. Table I summarizes the properties, both phyxo- 
chemical and biological, nfthe isolated substances, together with those of known gibberellins. 
The sum of all these data allows one to conclude that: substance )I;, = GA,,: X2= GA,: and 
Y =GA,. The identity of substance Z is still unknown. The biological properties indicate 
that Z is not a gibberellin. 

_._. .__ .-. _--._ _- 

Cristalline 
appearance 

Molecular weight : 
theoretical 
found by mass 
spectromctry 

Melting point 
R, in stlica gel G 

(I)* 
wt 

Fluorescence 
under u.v.$ 

Biohgical tests 
Arena memotyl 
Dwarf maize d-3 
Dwarf matze d-5 
Lettuce hypocotyl 
Lettuce 

germination 

s, 

NfXdlCS 

316 

I90205 

06-0~7 
0.55-06 
Purple 

+++ 
++ 

+ 
+ 

Platelets Prrsm\ Ncxdlcs 

316 346 348 

316 346 J-lb 3-M 348 368 

208-11 I’ 325-Y’” ‘33-135. Y-t-241 2.35~‘40 296301: 

06-0.7 0~15-0~25 0.15-0.15 005-O IS 00-O IS 0.0 
0.55-0.6 0.35-0.4 0.35-04 
Purple Blue Blue Blue Blue 0 

+++9 +++ i++s +++ ++s + 
++* +++ +++3 +’ ++g 0 

+++3 ++s +++s 0 
+. t+: 
+ I’ +\++ +++,: ++ ++; 0 

* Solvent: di-isopropyl ether (95). acetic acid (5). 
t Solvent: 90:; isopropanol. 
: After spraying with HaSO., and heating at 110-120’. 
fi Nitsch and Nitsch.16 
:! See P. W. BRIAN, H. G. HE~~UING and D. LowE, Nature 193,946 (1962). 



Isolation of gibberellins Al, A,, A9 and a fourth substance from Althaea rosea Cav. 1701 

other instances of occurrence of GAI, GA3 and GA9 in higher pfants. Gibberellin Al has 
been found in immature seeds of Phaseolus multijlorus (MacMillan and Sutefl), in the 
endosperm of Echinocystis macrocarpa (Elson et al.3 and in shoot tips of Nicotimur tab- 
Wmbdner and Schreibel8). Gibberellin A3 has been reported in barley (Jones et aZ.4, in 
Echinocystis (Elson et aZ.3, in P. muZtijZorus (Semhdner et aZ.‘o) and also in shoot tips of 
tobacco (Sembdner and Schreiber*). To our knowledge, in contrast, gibbercllin A9, which 
has been first extracted from cultures of Fusarium moniZ@vme (Cross et aZ.“) has never heen 
isolated from higher plants. Khalifah and co-workers, l4 however, have provided biological 
and chromato~ap~cal evidence for its occurrence in citrus fruits. 

Role of the extracted substances inflowering. The presence of three different gibberellins 
plus substance 2 in the extracts of vernal&d AZthaea rosea tips show how complex the 
spectrum of substances leading to bolting and flowering may be. Up to now we have only 
tried substance E or GA3 alone to replace the physiological effect of vernalization: both 
substances have caused bolting without the formation of flower buds in this species. It is 
possible that other gibberellins, or a certain combination of gibberellins, may be more 
stimulatory to flowering. Michniewicz and Lang, I2 for example, have shown that GA3 
was unable to cause flowering in Myosotk alpestris, whereas GA1 and, especially, GA7 were 
active in this process. 

Planr Material 
EXPERIMENTAL 

A total of about 30$00 apices of vemaked biennial hollyhocks (Afthaea rosea Cav. var. “Fordhook 
Giant Double Scarlet”) were harvested before (he plants started to bolt in the spring. The fresh material 
was immediately frozen in liquid nitrogen and broken into small fragments while in the frozen state. Care 
was taken that the material remained frozen until it has ban thoroughly lyophilii. 

Ertraction 
The method of extraction and separation of growth substances from the plant material is shown in the 

flow diagram of Fig. 9. 

Puri$cation of the Ethyl Acetate Fraction 
The purification of “fraction EA” was achieved by mc811( of thin-layer and paper chromatography. 

The Aver mesocotyl test (see Nitsch and Nits&~) was used to detect the biologically-active zones. Gne 
mm-thick layers of silica gel G were prepared on glass plates (20 ~11 x 20 cm); they were streaked with not 
more than @2 ml of fraction EA; the solvent (acetone) was allowed to ascend 15 cm at room temperature 
(20”-25”). The active zone (R, 0043) of each plate ‘was scraped off and eluted five times with methanol. 
Tho combined eluates were concentrated to about 5 ml. 

In a second step of purification, this partially purified extract was streaked as 5 mm-wide bands 8~~0s~ 
sheets of Whatman No, 31 paper (extra thick, 46 cmx 57 cm). The solvent (isopropanol:ammonium 
hydroxide:water, 80:@05: 19,95, v/v) was allowed to ascend 25 cm at 15”. Two major, active zone-s, AE-I 
(R, 0+0*8) and AE-II (R, @3-O-5) were eluted five times with methanol. The eluaks we= ConQnmited 
to about 5 ml each and streaked uniformly as very narrow bands across the length of thin-Iaytr plates (2Ocm X 
20 cm) coated with silica gl G (1 mm thick). The solvent (di-isopropylcther:aceatic acid, 95: 5, v/v) was run 
for 15 cm at room temperature. Under these conditions, fraction AE-I was further divided into two major 
active fractions: AE-Ia (spread between Rr 0.15 and @7) and AE-lb (Rr @05-@15). As was the case for 
fraction AE-II, the major active substances stayed al the initial spot, thus allowing mobile, inactive substanas 
to be eliminated. The eluate of fraction AE-Ia was further chromatographed on thin-layer plates (silica 
gel G, 0.5 mm thickness), in isopropanolxvater (90: 10, v/v). Two active zones separated Sharply from one 
another: JZA-IaI (I?, 0.55-M) and AIZ-Ia* (R, 0.3544). 
7 G. W. ELSON, D. F. JONES, J. MACMILLAN and P. J. SUTER, Phytochem. 3,93 (1964). 
8 G. SEMBDNER and K. ScHREIBeR, Phytochem. 4,49 (l%S). 
9 D. F. JONBS. J. MACMILMN and M. RADLEY, Phytochem. 2,307 (1%3). 

“‘G.&umNaa,G.ScxiNamEa,J.W=andK.~ EXperientia Z&89 (1964). 
11 B. E. 0toas, R. H. B. GALT and J. R HANSON, Tetrahedron Letters 23,22 (1960). 
12M. Mr ~~NIKWICZ and A. LANO, Pkmta SE, 549 (1962). 
13 J. P. Nrrscn and C. Nrmc~, Piant Physiol. 31,94 (1956). 
14 R. A. KHALIFAH, L. N. LFNIS and C. W. COOOIN~, JR., Plant Phystot. 4@,441(1965). 
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Lyophilized material (cu. 3 kg) 

[extraction with 7 vol. light petroleum overnight] 

I 
1 

1 
Residue Petroleum ether 

[extracted with 2x 6 vol. methanol] 
[drscarded] 

at 3” for 3 dgs 

Dried methanol extract 

[partitioned between phosphate buffer (pH 8.0) 
and iight petroleum] 

[adjusted pH to 5.0 and 
extracted with 5 x 0.5 vols. ethyl acetate] 

Petroleum ether layer 
[discarded] 

I 
Aque~ layer , Ethyl a&ate layer (fraction EA) 

[extracted uith 5 x -$ vol. n-butanol) I [TLC in acctonc] 

, 

I 1 
n-Butanol layer Aq3eous phase Rf @o--O.3 R/ 0.X-1*0 
=“fraction B” =“fractton AE” (discarded) 

[paper chromatography] 

I I 
Rf 05-O-8 Rf *3-o 5 

=“fraction AE-I” =“fractinn AE-II” 

I jrrlcl 1 ..:“I 

RJ- 0.15-o-7 Rf 0~05-0~15 
=“fractlon A&la” =“fraction AE-lh” i 

Suh 2 
VL.C] 

Rf ‘055-06 R/ 0.~5-0.4 
=“fraction AE-Ia;’ 

1 

=“fraction AE-‘laze’ 

1 
Sub. X, Sub. Y, 

FIG. ‘). %.hfhfARY OF 7tiE fXIRA( IION PRtC3HJR& tOR SURST\?WES xi. ?(:. Y .t\rfI 2 tR051 .4/rilorcr 
fD.WfJ SHOOT TIPS. 

The four actlvc fractions (AE-la,, AE-Ia?, AE-lb. AE-II) wcrc elutcd the tunes \rIth methanol. Aftur 
complete evaporation of the methanol, each eluatc was dlssofved in a small quanttty of acetone, and petroleum 
ether was added until the acetone solution became slightly transIuccnt. Upon cooling costals of active 
substances *ere formed (see text). 



Isolation of 8NenG.u AI, Aa, AB and a fourth substance from Althaeo rosea Cav. 1703 

Apart from the Avena mesocotyl test which was employed to detect active zones on chromatograms, the 
following biological tests were used to &termine some of the biological properties of the isolated substances. 

(0) Dwmf maize test. The procedure used was that of Nitsch and Nitsch,ts similar to the one deecribed 
by Phinney and West.16 The seedlings were treated when the 8rst leaf blade emerged about 2 cm from the 
coleoptile. Each seedling received 01 ml of test solution containing Ql % of “Tween 80”. 
with “Tween 80” alone served as controls. 

Seedlings treated 
The lengths of the first and the second leaf sheaths were meaaned 

7 days after treatment. The sum of these lengths was used as a measure of the response. 
(b) Lettace seed germination test. One hundred seeds (var. “Grand Rapids”) wete sown in each Petri 

dish containing two layers of filter paper imbibed with 5 ml of the solution to be tested. 
in complete darkness, the percentage of germinated seeds was determined. 

After 4 days at 25” 

(c) Lettuce hypmtyl test. The seeds (var. “Grand Rapids”) were pregerm&ted at room temperature 
(20”-25”) for 1 day. Ten seedlings selected for uniformity were placed in small glass vessels (2-5 cm diameter) 
containing 1 ml of 1% agar and @5 ml of test solution. The seedlings were grown under artitkial light (cu. 
7ooO Lx, 16 hr/day). Four days after the begiig of the treatment, the length of the hypocotyls was measured 
under a binocular microscope. 

Chemical aml Physical Analyses 

(a) Detection of gibberellins by fiorescence on tti-kzyer chromatograms. The thin-layer chromatograms 
wete sprayed with sulphuric acid (5 % in ethanol or 30 y0 in water), heated and then observed under the U.V. 
light (350 mp). 

(b) Melti~pofnts. The melting points were determined with the Kofler apparatus under a microscope. 
(c) Mass spectra. The mass spectra were determined with an MS-9 (A.E.I.) mass spectronxter. The 

samples were introduced directly. Ionizing voltage: 70 cV. The temperatures used varied from 150” to 250”. 
according to the sample. 

(d) U.V. absorption spectra. The U.V. qxctrum of each substance was determined on methanolic solutions, 
using a Beckman DK-2 spectrophotometer. 
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