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Nové zpiisoby chromatografického déleni giberelind A, a A,

K d8leni fyziologicky aktivnich giberelini A, a A, byly pouZity nékteré nové
chromatografické metody — chromatografie v odstfedivém poli a chromatografie
na tenké vrstvé kysliéniku hlinitého. RovnéZ byla zkouména papirové elektro-
foresa, kterd se v3ak pro dé&leni giberelini A; a A; nehodi. Pro chromatografii
v odstfedivém poli se osvédéila soustava benzen-kyselina octova-voda (4 :1:2),
Vyviji se na preteteni za indikace bromfenolovou modii, a% jeji skvrna doséhne
Ry 0,75. K déleni na tenké vrstvé kysliéniku hlinitého byla vyzkousena soustava
benzen-kyselina octové (100 : 23). Chromatografuje se na pfetedeni pritokem asi
60 ml chromatografické smési pii rozmérech tenké vrstvy 10 X 23 cm. Detekei
skvrn lze provést v obojim pFipadé 0,59 manganistanem draselnym. Detekce
skvrny giberelinu A; 709, kyselinou sirovou se v piipadé kysliéniku hlinitého
neosvédéuje. Lze ji nahradit 709, kyselinou chloristou, kterd reaguje i v pfipads
tenké vrstvy. Obd analyzy trvaji asi 6 hodin, co# zkracuje dobu potiebnou k jejich
provedeni na jeden pracovni den.

Summary

New chromatographic methods, chromatography in centrifugal field and
thin-layer chromatography on alumina, were used for separating physiologi-
cally active gibberellins A; and A,. Paper electrophoresis was found unsui-
table for the separation of the two gibberellins. For centrifugal chromato-
graphy the system benzene-acetic acid-water (4 :1 :2) was found conveni-
ent. In both the centrifugal and thin layer chromatography the overflowing
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technique was applied with great success. In the case of centrifugal separa-
tion bromophenol blue was used to indicate the position of the solvent front.
Development was stopped when the spot of the indicator reached 3/4 of the
paper length. For separating on a thin layer of alumina the solvent system
benzene-acetic acid (100 : 23) was used. Here again the solvent was left to
overflow; for dimensions of the thin layer of 10 X 23 cm 60 ml of the solvent
mixture were used. The spots were detected in both cases with 0-59%, potas-
sium permanganate. The detection of the spot of gibberellin Az using 709,
sulphuric acid after thin layer chromatography was found unsufisfactory. Sul-
phuric acid may be replaced by 709, perchloric acid. Both analyses take
about 6 hrs. which reduces the time necessary for their completion to one
working day.

Introduction

The significance of various methods for the separation of gibberellins
increases simultaneously with the the number of experimental results and
the development of the industrial production of these compounds. TAKAHASHI
and co-workers (1955) described several chromatographic systems for the
separation of gibberellins by paper chromatography. PHINNEY and co-workers
(1957), however, did not give a good account of these systems. The basic
components of these systems were benzene, acetic acid and water. No re-
liable method of separation was described before Birp and Puanr (1958). They
also used benzene, acetic acid and de-ionised water (4 : 1 : 2). Using the over-
flowing technique a good separation of gibberellin A, from A; (gibberellic
acid) was achieved in this solvent system. The separation process, however,
lasts at least 36 hours.

The present communication summaries our attempts to reduce the time neces-
sary for the separation of these physiologically active substances. Some new
methods of chromatography were used, such as chromatography in the cen-
trifugal field and chromatography on a thin layer of alumina. Attempts were
also made to separate these substances by paper electrophoresis.

Methods

Centrifugal ehromatography. One of the modern methods used for reducing the time required
for separation by paper chromatography is chromatography in a centrifugal field. It was first
described by CaroNNa (1955) and MacDoNALD (1957).

For the separation of gibberellins an apparatus for centrifugal chromatography with central
point development described by Paviitex, Rosmus and DEvL (1961) [see also PAvL{CEK
and DEYL 1959] was used. This apparatus ensures better quality of separation than the above-
mentioned devices, Whatman paper No. 8 was used throughout as it is better suited to the
apparatus on account of its greater flui deapacity. A 30—40 yl. sample (1-0 mg./ml.) was placed
1-5 cm. from the centre of rotation.

Chromatography on a thin layer of alumina. Chromatographic separation was carried out on
an untreated layer of alumina 1,0 mm. thick which was prepared according to MOTTIER
and PoTTERAT (1955). Separation of the gibberellins was attempted in solvent systems contain-
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ing benzene and acetic acid in different ratios. In view of the fact that after a single develop-
ment with a mobile phase containing a higher proportion of acetic acid the desired resolution
wag not attained, a solvent containing a lower concentration was used. The migration of the
gibberellins here was slower and in order to attain a good resolution it was necessery to run
the chromatogram with overflow. For this purpose the alumina layer was surrounded longitudin-
ally with thin glass strips slightly higher than the alumina layer. A thicker glass plate about
2—3 cm. shorter than the alumina layer was placed on the top. This formed a chamber with an
open end. The solvent was brought in through a filter paper strip partly covered with poly-
othylene foil. One end of the filter paper strip reached into the layer of alumina, the other end
wag submerged into the mobile phase in a flask which also served as support for the whole
chamber. At the side of solvent inlet the chamber was enclosed with another piece of glass. On
the other side of the chamber the solvent was permitted to evaporate freely. The length of the
chamber must be relatively greater so that the evaporation from the end of the layer does not
interfere with the separation. A chamber about 22 em. in length was used here. The apparatus
used represents a simplified version of the apparatus for continuous-flow chromatography on
a thin layer as described by BRENNER and NIEDERWIESER (1961).

Paper electrophoresis. Attempts at separating the gibberellins were carried out by low-voltage
paper electrophoresis at a working voltage of 300 V using MeclIlwain’s buffers diluted with
water (1 :2).

Detection. Detection techniques described by Birp and Puer (1958) were used. The spots
of gibberellins A, and A, can be revealed by spraying with 0-59, aqueous potassium perman-
ganate. After one or two minutes of treatment the unreacted permanganate is washed out with
water. This produced brown spots on a white background. Gibberellin A; can be specificially
detected by passing the chromatogram through 709, sulphuric acid. The chromatogram is then
placed on a glass plate and the yellow-green fluorescence of gibberellin A, is observed (UV light
from Philora 125 W). Perchloric acid (70%,) was also used for this detection. Gibberellin A, produces
blue fluorescence while giberellin A, does not react at all. Spray with 59, aqueous perchloric
acid was also used for detecting gibberellin A; on paper. On applying this agent and heating,
fluorescence is also produced and the paper remains intact. All the detection agents were also
used on the thin layer of alumina.

Results

Chromatography in centrifugal field

For centrifugal chromatography the apparatus with central point develop-
ment according to PAvLiC¢eEx, Rosmus and DeYL (1961) was used. Benzene
(thiophene-free)-acetic acid-water (4 : 1 : 2) which had been found suitable by
Birp and Puen (1958) for descendent development were used for the centri-
fugal development, too. The solvent was left to overflow until the jndicating
spot of bromophenol blue reached 3/4 of the diameter of the paper which
took about 6 hrs.; the time required could be still reduced by increasing the
number of centrifuge revolutions. The chromatogram was detected by
spraying with 0-59%, aqueous potassium permanganate. The quality of sepa-
ration of the gibberellins is satisfactory as follows from Fig. 1.

Thin-layer chromatography

For separating gibberellins in amounts of 60—70 ug, a mixture consisting
of 100 parts of thiophene-free benzene and 23 parts of acetic-acid was found
to be suitable. The migration of gibberellins depends on acetic acid content
in the mobile phase; with decreasing ratio of acetic acid their mobility de-
creases. After passage of about 60 ml. of the mobile phase through a chro-
matogram 10 X 23 cm. in size, the spot of gibberellin A; moves about 12-5 em.
from the start and that of gibberellin A; about 8-5 cm. The passage of 60 ml.
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solvent is effected within about 6 hrs. Benzene can be replaced with ethanol
in the solvent mixture. Somewhat moist chromatograms were detected by
lightly spraying with 0-59, potassium permanganate. After a while yellow-
brown spots appeared on a violet background. Contrary to expectation,
sulphuric acid is not suitable for detecting gibberellin A,. Blue fluorescence of
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Fig. 1. Chromatographic separation of gibberellins A; and Ay
BPB -— indicator spot of bromophenol blue.

gibberellin A; can be brought about by spraying with 709, perchloric acid
and subsequent heating to 80—90° for 10 min.

Paper electrophoresis

Paper electrophoresis does not effect separation of gibberellins A; and A;.
Maximum mobility of the combined spot was observed at a pH of 5-5. Electro-
phoresis can be used for separating gibberellins from indoleacetic acid as
pointed out earlier by KREKULE and ULLMANN (1958).

Discussion

Analytical separation of gibberellins presents certain difficulties. Among the
gibberellins, greatest attention has been concentrated on the physiologically
active gibberellins A; and A,. On applying paper chromatography and different
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mobile phases the gibberellins are known to migrate but their spots cannot
be resolved. This is well apparent from the table published by WEsT (1958) in
which gibberellins and gibberellin-like substances are listed according to their
Ry values. Most suitable for the separation appear to be systems containing
mostly benzene along with a smaller amount of acetic acid; in such systems
the movement of the spots is quite slow and spots are resolved only on passage
of a greater amount of solvent through the paper. The present work proceeds
from this principle of letting the solvent overflow the paper. It is the advantage
of the new chromatographic techniques that the mobile phase passes rapidly
through the paper. It could therefore be assumed that their application will
be suitable for separating the gibberellins A; and A; and that. the time required
for separation will be substantially reduced. Centrifugal chromatography was
found to be suitable, the resolving power of which is better in this case than
that of the thin-layer chromatography. It happened occasionally that in the
thin layer the elongated spots of the gibberellins overlapped. This pheno-
menon can be prevented by reducing the acetic acid content in the mobile
phase and by increasing the amount of passing solvent. Both methods re-
present a general time saving as a mixture of gibberellins A, and A; can be
analyzed within a day.
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M. Hyrauwer, fI. Pocmye, 3. Heiin (Hayumo-mccmenoparenpcruii mECTHTYT pacre-
HmeBoacTsa, Yexoc/aoBalKasi aKaAeMUA CeIbCKOX03AMCTBeHHNX Hayk, lleHTpansueli Ha-
YYHO-HCC/Ie[OBATEILCKIM MHCTUTYT NHMOIEBOH NpoMbliennocrd, Ilpara)

Hospie mMeTonpr xpoMatorpauyeckoro paspenaenusa rnoGepelauHoBR A, m A
1 3

Just pasgeneHns QUANOIOTMIECKM AKTHBHRIX Tud0epesimHoB A; M A, HCHOJNH30BaHEL
HaMHI HCKOTODHE HOBHIe XpomaTorpadmdeckme MeToJsl — xpoMaTorpadus B NeHTpoGexHOM
nojie W XpoMarorpaduA Ha TOHKOM cJIoe OKHMCH alTIOMRUHHA. Takke waydasics BJIEKTPO-
dopes Ha Oymare, KOTOPHIH, ONHAKO, s pasfesenus rm6GepeluInHOB A, 1 Ag He TOJHTCH.
J1a xpomarorpadum B IeHTpode;KHOM 1016 50MbIIe BCETO NOAXOIUT cMech GeH3eH-YRCYCHAs
rucjrora-Bofa (4 : 1 : 2). Xpomatorpadms mpoBopgmTcsa Ha HepeTedenye HPYM MHEATKALAN
IBEReHA MOOUNBHOMH $asn 6poMperomoBoil clHel 10 TeX nop, NOKA ee MATHO He JOCTHTHCT
0,75 pamnsl xpoMaTorpadudaeckoit 6ymarn. 751 pasfenenns Ha TOHKOM CIO€ OKACH AJLIIO-
MHHHS HCIILITRIBATACh cMech OeH3eH-yKeycHaa kmemora (100 : 23). Xpomatorpadmpyercs
npuban3nTensHo 60 rwI-amn xpOMaTorpagnquRoﬁ cMecu npu pasmepax ciaos 10 x 23 cm.
OmnpefiesieRne NATeH BO3MOMKHO OCYIIECTBHTH B o0omx ciaydasax 0,59 rumepMaHTraHaToM.
Onpepenerne naren ribbepesnmaa A, 709 cepHOE KECIOTOR B ¢ilydae OKHCH JLIOMHAHAA
He onpabfiajio ceGa. Ee BoamokHO 3aMeHHT: 709, XJIODHOM KHCJOTOH KOTOPAs pearapyer
E B ciIydae ToHroTo c10s1, OGa amanmsa uATCs NPUOME3HTENBHO 6 9acoB, TO COKpAILAeT
Bpems1 HeoOXouMoe A X [NpPOBeJeHAd HA OXUH Paboumi JeHb.



