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Nov6 zpdsoby ehromatografiek6ho d~leni fliberelinfi A 1 a A3 

K d61eni fyziologicky aktivnfch giberelinfl A 1 a A a byly pou~ity n6kter6 nov6 
cliromatografick6 metody - -  cliromatografie v odst~ediv6m poll a chromatografio 
na tenk6 vrstv~ kysliSnlku hlinit6ho. Rovn~. byla zkoumgma paplrovt~ elektro- 
foresa, ktorg so v~ak pro d~lenl giberelinfi A 1 a A, neliodi. Pro ehromatografii 
v odst~ediv6m poll so osv~dSila soustava benzen-kyselina octovh-voda (4 : 1 : 2). 
Vyviji so na p~oteSenl za indikaee bromfonolovou mod~i, a~ jeji skvrna dost~hne 
RF 0,75. K d~lenl na tenk6 vrstvif kysliSniku hlinit6lio byla vyzkou~cna soustava 
benzen-kyselina octovh (100 : 23). Chromatografuje se na p~eteSeni pr6tokem asi 
60 ml chromatografick6 smifsi p~i rozm~irecli tenk6 vrstvy 10 • 23 era. Detokci 
skvrn lzo prov6st v obojim p~ipad~ 0,5~o manganistanem draseln:gm. Detekco 
skvrny giberelinu A a 70% kyselinou slrovou so v pHpad6 kysliSniku lilinit6ho 
neosv~dSuje. Lze ji nahradit 70% kyselinou chloristou, ktert~ reaguje i v pHpad~ 
tenk6 vrstvy. Ob~t anal:~zy trvaji asi 6 liodin, col zkracuje dobu pot~ebnou k jejich 
provedeni na jeden praeovni don. 

Summary 

N e w  c h r o m a t o g r a p h i c  m e t h o d s ,  c h r o m a t o g r a p h y  i n  c e n t r i f u g a l  field a n d  
t h i n - l a y e r  c h r o m a t o g r a p h y  on  a l u m i n a ,  were  u s e d  for  s e p a r a t i n g  phys io log i -  
ca l ly  a c t i v e  g ibbe re l l i n s  A 1 a n d  A 3. P a p e r  e lec t rophores i s  was  f o u n d  u n s u i -  
t a b l e  for  t he  s e p a r a t i o n  of  t he  two  g ibbe re l l in s .  F o r  c e n t r i f u g a l  c h r o m a t o -  
g r a p h y  t h e  s y s t e m  b e n z e n e - a c e t i c  a c i d - w a t e r  (4 : 1 : 2) was  f o u n d  c o n v e n i -  
e n t .  I n  b o t h  t h e  c e n t r i f u g a l  a n d  t h i n  l a y e r  c h r o m a t o g r a p h y  t he  ove r f lowing  
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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 3/4of 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 0.5% potas- 
sium permanganate. The detection of the spot of gibberellin A 3 using 70% 
sulphuric acid after thin layer chromatography was found unsufisfactory. Sul- 
phuric acid may  be replaced by 70% perchloric acid. Both analyses take 
about 6 hrs. which reduces the time necessary for their completion to one 
working day. 

Introduetion 

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. TAKA~ASHI 
and co-workers (1955) described several chromatographic systems for the 
separation of gibberellins by paper chromatography. PHINNE~ 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 BIRD and PUGH (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 1 from A 3 (gibberellic 
acid) was achieved in this solvent system. The separation process, however, 
lasts at least 36 hours. 

The present communication summaries our at tempts 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 

Centrifufal ehromatofraphy. One of the modern methods used for reducing the time required 
for separation by paper chromatography is chromatography in a centrifugal field. I t  was first  
described by C~LRON~A (1955) and MAcDo~c~D (1957). 

For the separation of gibberellins an apparatus for centrifugal chromatography with central 
point development described by PAvLi~EK, Ros~rcs and DEYL (1961) [see also PAVLi6E~ 
and DEYL 1959] was used. This apparatus ensures better  quality of separation than the above- 
mentioned devices. Whatman paper No. 3 was used throughout as it is better  suited to the  
apparatus on account of its greater flui dcapacity. A 30---40 ?1. sample (1.0 mg./ml.) was placed 
1"5 em. 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 ram. thick which was prepared according to MOTTI~R 
and PO~rERAT (1955). Separation of the gibberellins was a t tempted 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 
was 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- 
ethylene foil. One end of the filter paper strip reached into the layer of alumina, the other end 
was 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 B~ENNER and I~IEDERWIESEI~ (1961). 

Paper eleetrophoresls. At tempts  at  separating the gibberellins were carried out by low-voltage 
paper electrophoresis at a working voltage of 300 V using MeIlwain's buffers diluted with 
water (1 : 2). 

Detection. Detection techniques described by BIRD and P u o ~  (1958) were used. The spots 
of gibberellins A 1 and A, can be revealed by spraying with 0"5~o aqueous potassium perman- 
ganate. After one or two minutes of t rea tment  the unreacted permanganate is washed out with 
water. This produced brown spots on a white background. Gibberellin A s can be specificially 
detected by passing the chromatogram through 70~o sulphurie acid. The chromatogram is then 
placed on a glass plate and the yellow-green fluorescence of gibberellin A s is observed (UV light 
from Philora 125 W). Perehlorie acid (70%) was also used for this detection. Gibberellin A a produces 
blue fluorescence while giberellin A 1 does not react at  all. Spray with 5~o aqueous perehloric 
acid was also used for detecting gibberellin As 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 PAVLf~EK, ROSMUS and DEYL (1961) was used. Benzene 
(thiophene-free)-acetic acid-water (4 : 1 : 2) which had been found suitable by 
BIRD and PuG~ (1958) for descendent development were used for the centri- 
fugal development, too. The solvent was left to overflow until the indicating 
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 0.5% 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 ~g, a mixture consisting 

of  100 parts of thiophene-free benzene and 23 parts of aceticacid 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 • 23 cm. in size, the spot of gibberellin A 1 moves about 12.5 cm. 
from the start and that of gibberellin A a about 8-5 era. 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 0.5% 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 s. Blue fluorescence of 

Fig. 1. Chromatographic  separa t ion  of  gibberellins A 1 and A 8 
B P B  - -  indicator spot  of b romophenol  blue. 

gibberellin A s can be brought about by spraying with 70% perchloric acid 
and subsequent heating to 80--90 ~ for 10 rain. 

Paper electrophoresis 
Paper electrophoresis does not effect separation of gibberellins A 1 and A 8. 

Maximum mobihty of the combined spot was observed at a pH of 5.5. Electro- 
phoresis can be used for separating gibberellins from indoleacetie acid as 
pointed out earlier by KREKULE and ULLMANN (1958). 

Diseussion 

Analytical separation of gibberellins presents certain difficulties. Among the 
gibberellins, greatest attention has been concentrated on the physiologically 
active gibberellins A 1 and A s. 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 
RF 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. I t  is the advantage 
of the new chromatographic techniques that  the mobile phase passes rapidly 
through the paper. I t  could therefore be assumed that  their application will 
be suitable for separating the gibberellins A 1 and A a and t h a t  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. I t  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 1 and A 3 can be 
analyzed within a day. 
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M. [<yTaqe~<, H .  P o c M y c ,  3 .  ~ e f i n  (HayqHo-Hccne~ioBaTe~cnHfi HHCTHTyT pacTe- 
HHeBO~ICTSa, qexoc~oeaII~ag a~a~eMgg cen~c~oxo3~ficTBe~Hh~x Hay~, I~eHTpa~H, HhIfi Ha- 
yUHO-HCCne~OBaTe:IbC~fi HIICTHTyT IltiII~eBoH npoM~mne~nocT~, IIpara) 

H o m ,  m MeTO)II, I x p o M a T o r p a c p , q e c ~ o r o  p a a ~ e ~ e H ~ u  r n 5 6 e p e ~ u . o B  A~ ~ A a 

~ n g  paa~ez~eHg~ ~ga .o J io r~ec~H aKTnBHbIX rH55epe:t~mHOB A~ H A3 IICIIOJII~3OBaHhI 
HaMH HeI~OTOpge HOBbIe xpoMaTorpa~Hgeci~He MeTO~LI - -  xpoMaTorpa~g  s ~e~TpoSemnoM 
no~e ~ xpoMaTorpa~gg ~a TO~HOM c~oe onnc~ a~ntOMgHHU. TaRme H3yga~cg ~eRTpO- 
(~ope3 na 5yMare, ~r O~HaKO, n~g paa~e~eggg r~55epennI~HOB A~ ~ As He ro~nTCg. 
] i~n xpoMaTorpa~g  B ~enTpoSemno~t no~e 5 o ~ m e  Bcero no~xo~gT cMec~ 5eH3eH-y~cycHag 
~nC~OTa-~o~a (4 : i : 2). X p o M a T o r p a ~  npo~o;I.TC~ ~a nepeTe~eH.e n p .  n ~ n n a ~ .  
~ngmemig MO6HnbHOfi dpaa~I 5poM~eHOnOBOfi cg~efi ~o Tex HOp, noI~a ee IlaTHO He ~OCTtIFIieT 
0,75 ~ n n n u  xpoMaTorpa~Hqec~ofi 5yMarH. ~ pa3;IeneHHn Ha TOH~OM cnoe o n . c ~  a n n m -  
MiItIrifl IICIII,IThIBa~IaCb cMech 5eH3e}~-yucycHau I(HCJIOTa (i00 : 23). XpoMaTorpa(~npyeTc~ 
npnS:I~3nTen~I~o 60 Mn-am~ xpoMaTorpadpHaec~ofi CMeCH np~ paaMepax cnou 10 • 23 CM. 
Onpe~e~eH~e I~iTeH BO3MOH{HO ocyLReCTBIITI~ B O60~IX cny~aux 0 ,5% rnnepMaHraHaTOM. 
Onpe~eneHHe n~TeH rH55epe~]nH~a Aa 70% cepuofi ~HCnOTO~ B cnyqae O~HCH a~I~OMnH~ 
~e onpaB~ano ceSn. Ee UOaMOmnO 3aMeHgT~ 70% xnopHol~ I(HCnOTOfi ROTOpag pearHpyeT 

u c~yqae TOHHOPO CJIOH. 06a aHaJiH3a ~I~tTC~t IIpH~JIII3HTeJISHO 6 HaCOB, HTO coRpan~aeT 
~ p e i ~  Heo6xo~HMOe ~n~ ~4x npoue~Iegfi~ Ha O~H paSo~,fi  ~e~b. 


