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ABSTRACT 

Aq2; a hi~hly water - soluble plant growth r- e~ul3tor 

from the pollen of Pinus r ad iata 

Aq2 was detected in crude aqueous extr a cts from the 

ii. 

po llen of Pinus radiata by Swe e t and Lewis (1971). These 

wo rkers noted Aq2 possessed s ome properties of both g ibb erellin s 

and cytokinin-like compounds and was proba bly involved in the 

re~ula tion of pollen tube growth. A further study wa s under ­

t ake n by Galla~her and Aldersl e y (1972 ) and these work ers 

concluded a fter a prelimina ry investiaa tion tha t Aq 2 was nost 

probably a cytokinin . 

The purpose of this the sis wa s to furthe r investigate 

the nature of Aq 2 . The physiolo gica l rol e a nd chemic a l com­

position of pollen , with speciRl r eference to P . radia ta wa s 

studied , a nd a r eview of pl a nt ~r owth re~ul ators carried out 

with a view to classifying: Aq2 into one of the f J..:. • '-'1' -11:: .• , • 

A survey of possible isola tion techniques was a lso made . 

Anion o.nri ca tion exch a n q;e co lumns were run a t va rious 

pH 's and a portion of the a ctivity a ttr ibuta ble to Aq2 wa s 

found to bind to ::m anion c o l umn at pH 8 . 5. The remainder 

passed strai r ht throuqh the c o lumn . An aqueous a lcoho l 

treat~ent has been e~pl oyed to r emove some of the excess 

c a rbohydr ate material, a nd freeze drying was shown not to 

affect the activity of Aq2 . 

Chemical evidence tenrt s to miti~ate aaainst Aq2 bein~ a 

g ibberellin; how ever, the possibi l ity that Aq2 i s a cytokinin 

h a s not yet been r uled out . ~o add itiona l physiologi cal 

studie~ ha ve been carried out since those of Swee t and Lewis 

(1971); however, ~ood r es ponse s a r e stil l obtained in the 

radish c otyl ed on assay for cytokinins . 

If Aq2 i s indeed a cytokinin it does not appear to 

resemble any of thos e known t o date . 

errata 

Page 15. Figure 1, gluocbrassicin, 
Should read glucobrassicin. 
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1. 

INTRODUCTION 

A study of pla nt growth regula tors occurring in the pollen 
of Pinus r adia t a D. Don was recent l y _carried out by Sweet and 
Lewis (1971). In this investigation, both a qualitative and 

quantita tive comparison between the l ev~ls occurring in germi nated 

and unger mina ted po llen was carried out, and t h irteen growth 

regula ting compounds were de tected . These includ ed five aux ins, 

t hre e inhibitors, f our gibberell ins arid one compound with s ome 

pr operties char a cteri s tic of both gi bberellins and cytokinins. 

Thi s l at t er s ubs t ance was designa t ed as Aq2 by Swee t and 

Lewis (1971), as it r emaine d in the aqueo us phase after e~Lra ct­

i on a t pH 8 .5 a nd pH 2.7 with d i ethyl ether and was the second 
growth r egul ating substance t o be f ound in thi s f r a ction. 

Aq2 was f irst detected in t he rad ish cotyl edon expansion 
a ssay used primar i l y fo r the detec tion of cytokin i ns; re spons es 

wer e a lso obt a ined i n the barley endosper m assay and in the 
Rumex a s say fo r gi bberellins. No r esponse was obt a ined in t he 

car r ot bioa~say or the Spirode l a bi oassays f or cytokin i ns . On 
the other hand , Aq2 appear ed to par al lel kine t in in i t s effect 

on pollen tube gr ow th. Thu s ci rcumstan t i a l evid enc e seemed to 

ind ica te Aq2 was a cytokinin. Swee t and Lewi s fo und evidence to 

su~~Jst Aq2 was involved in the modula tion of polle n tube growth. 

Further wo rk was underta ken by Gallagher a nd Al dersl ey (1972). 

Initia lly Gallagher a nd Al dersl ey 1 s work encountered a 
t r oublesome toxicity problem. Hav ing s olved this, these workers 

developed a l a r ge sca le extraction procedure based upon me chanica l 
d i s integration of pollen gr a ins in wat er. 

Plant growth regulators are typically present in plants in 
extremely low concentrations. Thus the isola tion and chara cter­
isa tion of such compounds u9ually involves l a rge quantities of 

pl a nt extra ct. For example, the 9est reported yield obtained for 

a cytokinin was by Letham (1966a), where 0.7 mg of zeatin was 
obta ined from 60 Kg of maize kernels. 

Preliminary results of Gallagher and Ald~rsley (1972) . 

indicated that Aq2 was a low molecular weight, highly polar, 
water-soluble comp0und. S earing in mind the biological a ctivity 
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a ttributed to A~2 , Gallagh er and Al ders ley decided tha t i t was 

pos sible t ha t Aq2 was a cyt okin i n nucleot t de or a " bound 11 f or m 

( e . g . glyco s i de) of a cytokinin . However , furthe r i nvest i gat ion 

by these wo rkers mitigated a~a i ns t the possibl e nucleoti de 
nat ur e of Aq2 . Thus , i t i s known that nucl eo tide s can be 

absor bed ont o charcoa l and e l uted with aqueous base ; at t empts 

to absorb Aq2 ont o a ctivated charc oal wer e unsuccessful, wher eas 

under t he same conditions , the nucl eo tide , AMP absorbed qu ntit2.­
t ively onto the charcoal . Again , ion exchange chromatogr aphy has 

been wi de l y used i n the pur i f icat i on of cytoki n i ns ; nucleo t ides 

bind i ng str oni=s l y to anion exchange co l umns under neutr a l condit­

ions . Attempts t o pur i fy Aq2 by anion exchange chr omatogr aphy 

(Dowex-1) pr ove d UDSuc cessf ul; no a ctivity coul d be dete c ted in 

the col umn e l uat es, however , a t oxic effect in the rad i sh 

cot yl edon assay was obt a i ned f r om the init i a l co lumn effl uent . 

Fr om these l atter r esult s t he possibi lity could not be excluded 

that a str ong syner g i sm ex i sted in the partly puri f i ed extract. 

I t was the pur pose.of t hi s thes i s to investigate further , 

aspects of puri ficat i on , i so l a ti on and characterisc1.tion of Aq2. 
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POLLEN 

As the hormone Aa2 investiqated in thi s thesis was extracted ' . ; 

from pollen , it i s clearly pertinent t o consider the nature of , 

po llen gr ains and.their general chemica l composition . However, 

before do ing this, i t was tho9-gh t worthwhi l e to briefly consider 

the biological role of potlen, especially since it ha s been 

propo sed (Sweet and Lewis, 1971) tha t the physiological role of 

the hormone appears tc be the modula tion of poll en tube ~rowth. 

A ~rea t deal of resea rch has been carri ed out on pollens ; 

their morphology and physiol o~y bein~ well s tudi ed . In add ition 

t o re s earch of a purely botanica l nature , pollen ha s been of 

inter e~t in the s tuc;l ies of nutrition, 3nd alL)r gi e s (Niels~n 

et al., 1955; Kapp , 1969 ; Barbi er, 1970 ; Heslop- Harrison , 1971; 
Wodehouse , 1965) . 

Po llen Function 

Pollen i s derived f rom th e seed bearing pl ants wh ich can be 
d ivided into two well defined Gr oups : gymno spe r ~s and angios perms . 

The 1syr1mosperms are woody perenial pl .3..nts and while there a.re 

rela.t i vely few species , these a re of gr ea t abundan ce and of 

e conomic importa nce as sou rces of timber. 

The reproductive cycle of Pinus r a dia t a D. Don (a gy~nosperm) 

is illustrated in Figure 1. 

Pinus produces bo th mal e and.female cones . The ma le cone s 
a re produced in au tumn, in gr oups, and f all f rom the t r ee a t the 

end of the foll owing spring , having r ema ined fairly small in s i ze •. 

The cone contains many microsporo phylls arranged spirally a bout 
the long axis • . Each microsporophyll contains two pollen sacs on 

the under 9ide , see Figure 2. Po llen, whi ch is partly germinated 

microspore, is released by these sa cs splitting longi tudinally 

during spring . The pollen from Pinus is wind borne and released 

in very l arge quantities. 

The female cones grow s onsiderably larger than the m~le cones 

and oc cur singly. Sca les a r e arranged spirally a bout the long 

axis of the cone. Each scale has two ovules on the upper side . 

The ovule has archegonia embedded in the endosperm. The latter 
is completely surrounded by the nucellus whi ch in turn is 
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surrounded by the integument ex9ept at the micropyle (the point 
of access for the pollen gr a in), see Figure 3. 
has one ovum (e~g ) . 

Ea ch archegonium 

At pollination, th e sca l es of th e femal e ovula te cone are 
slightly sepa r a ted . Pollen settles be tween these and comes to 

rest close to the micropyle of th e ovule . It is subsequently 

drawn in through this opening and comes into contact with the 

nucellus . The pollen gr ains now form a short po llen tube which 
starts to grow down through th e nucellus . It remains dormant 

during the winte r and r ecommences gr owth in the following spring, 
~ 

a t wh ich ti:ne the male gamet ophyte c ompl etes its deve l opment . 

S imultaneousl y , in the ovul e the femal e gametophyt e (endosper m 
a nd a rchegonia ) compl e tes it s deve l opme nt . When the pollen tube 

rea ches an9 ~rows into the egg fertilis a tion occurs by th e fusi on 

of a sperm, fr om the pol l en tube, with the egg . Subsequently the 
fertilised egg develops into an embryo a nd the whol e ovul e forms 
a seed . The scales separate when the seed is ma tur e and permit 

it t o f all f r om the cone . (l) 

Pollen Structure 

Pollen gr a in s va ry i n size f r om .:i.bout 5 p,. t o 250 r (Shaw, 

1970) . . Many wind pollLia ted f or ms ha v~ walls modifi ed t o enhance 

bouy~ncy, whi l e insect pollinated forms, th ~ presenc e of surfa ce 

rods, spines, a nd other sculptured fe a tures , serve t o improve 

dissemination (Ka pp, 1969) . 

The pollen gr a ins of t he genus Pinus a r e cha r a cteri sed by 

the possession of t wo l a r ge , cons picuous, a ir- filled bladders~ 2 ) 

The grains ar e r a ther l a r ge , ranging in the different speci es 

from about 45 ~ to 65 A in diameter , the bladders mea suring , about 

two - thirds the diameter of the body of the gr a in (Wodehouse , 1965) . 

The wall of the pollen gr a in is compo sed of two baste l ayers: 

the intine and the exine . The intine is the cell wall, which 

immedi ate+y surrounds the living protopla sm . It is partly 

cellulose , but a ppea ~s to have a different chemical composition 
from mo 9t cell walls, with higher proportions of pectic substances , . 

callose , and other polysa ccharides (Kapp , 1969). In some pollens , 

(1) Priest ley et . al . (1964) 
( 2 ) To enhance buoyancy . 
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the cellulose l ayer is embedded with l ayers of protein (Heslop­
Harrison, 1971) . 

The r esis t ant outer wall l ayer, the exine~)) of pollen grains, 

i s a chemica lly resistant l ayer which has the function of t~e 

protecti on of the organism from injury by external ~genc i es , 
such as excessive dessication , destruction by li~ht, and me chani cal 

in jury. This wall invariably possesses pores and these appear t o 

allow a c~rtain degr ee of d iffusion of water (Kapp, 1969; 
Wodehouse , 1965) and a d iffu~ion of enzymes and other soluble 

~aterial (Stanley and Search, 1971). 

The Chemica l Composit ion of Pol l en 
A number of reviews have been publi shed on the.chemica l 

composition of _poll en ( e . g . St anley, 1971; Barbier, 1970; 
Ne ilsen et al., 1955). 

At d ehiscence time gr a ss pollen, including Zea mc,ys, has a 

wate r conten t above 50% ; other pollens, e . g . Pinus, usually 

contain about 20fc. or l ess wate r a t ti:ne of shedding. 

Some components, such as ca rbohydr a t es , va ry more between 

and within species than other chemical cons tituents. The 

carbohydr a te content of gr ass pollen (corn) may be more than 

t wice tha t of other a ng iosperm pollens ; carbohydrates in pine 

and most other gymnosperms are considerably lower. Typica l 

r esults of analyses a r e sh9wn i n Tabl e 1 (reproduced f rom 

Hes l op~Harrison l oc. cit,), Table 2 (re produc ed from Nielsen 

et a l., loc. cit.), a nd Tabl e 3 (reproduced from Barbier loc. 
ci_!:.) 

It can be seen tha t proteins vary widely with s pe cies, 

usually a ccounting for 10-30% of the pollen dry we i ght. Lipid 

contents average 1.5-4% and may be higher in thos e with oils on 

the gr ain surfa ce. Ash content i s usually about 2-4%, but may 

be as high as 7% in some species , 

·Variation in chemical constituents of pollen is accounted 

for by: 

(1) species differences, and 

(3) The exine layer of the pollen wall i s a l most completely com­
posed of sporopollenins - a diverse gr oup of biopolymers 
with similar empirical formulae (e.g. c00 H11,1_ O?O Pinus 
sylvestris). A source of suitable monomers Tias n~en 
suggested by Brooks and Shaw (1971). 



Tabl e 1 

Gr oss Chemi cal Analysis of Pol l en 

% dry weight 
Spe ci es 1; sh Ca rbohydr a tes 

Z1ea mays 2. 55 36 . 59 
2'1ea mays 3. 46 34 . 26 
Typha l a tifolia 3. 70 17 . 78 
Pinus sabini -3.na 2. 59 13 . 15 
'P inus radia ta 2. 35 13 . 92 

Table 2 

7 ea mays Z. Ga mays 
1953 1954 

l\J % 4. 1 4. 2 
Protein % (Nx6 . 25 ) 25 . 6 26 . 3 
Sul phate a sh % 

a' p /1 

s % 
Reducing SUf.sa r s 

(as islucose) % 
Total car bohyd r a tes 

(as f" l u cose ) % 
Pater - 3oluble 

substances % 

Ether-soluble 
s ubstances% 

4. 9 4! 9 
0 . 58 0 . 75 
0. 43 o. 30 

10 . 3 7. 3 

35 . 1 34 . 6 

35 . 9 49. 7 

5. 0 1.8 

[ UR.A Y 
lVIASS ( l ! ':::.:. 1 ' 

Protein 

20. 32 
28 . 30 
18 . 90 
11.36 
13 , 45 

Alnus 
glut inosa 

4 . 1 
25 .6 
2 . 4 
0 . 42 
o. 24 

8 . 4 

27 . 4 

41. 2 

9. 4 

Lipi d 

3. 67 
1.48 
1, 16 
2. 73 
1 . 80 

J\ lnus 
incana 

h. 2 
26 . 2 
2 . 8 
0. 28 
0. 32 

5. 7 

22. 5 

33 . 3 

13 . 2 

9. 

Reference 

( 2) 
( 3) 
( 4 ) 
( 2) 
( 2) 

Pinus 
mont ana 

2. 2 
13 . 8 

3 . 0 
0. 30 
0 . 18 

2 .7 

29 . 5 

31. 9 

7. 1 
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Table 3 

The Percentage Composition of 6 Hand - coll ected Pollens and 18 

Bee - gathered Pollens (Todd and Bretherick ) 

Proteins Ether Sugars \/Ja.ter Ashes Inde -
extract terminate 

Hand -coll e c ted po l lens 
Finus 
sabiniana 11.36 2. 73 13 . 15 14 . 8 2. 59 56 . 09 

Pinus 
radia ta 13 . 45 l. ~O 13 . 92 11. 25 2. 35 57 . 23 

Typha 
l atifolia 18 . 83 L28 31 . 93 6 . 43 3. 82 37 . 71 

1',1ais 20 . 32 3. 67 36 . 59 5. 53 2. 55 31 . 31 
Juglans nigra 23 . 15 17 . 55 13 . 72 3. 91 3 , 07 39 . 60 
Phoenix 
dactylifera 35 . 50 3. 08 1. 20 17 . 14 6 . 36 36 . 73 

Bee - ga thered oollens 

Pinus contorta 7. 02 2. 04 48 . 35 7. 01 1. 32 34 . 26 
Taraxacum 
vulgare 11 . 12 14 . 44 31+ . 93 10 . 96 0 . 91 27 .64 

Salix sp . I 15 . 38 5. 25 41 . 92 13 . 61 2. 19 21.65 
Sal ix nigr a 22 . 33 4. 15 33 . 18 12 . 30 2 . 61 26 . 43 
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(2) environmenta l differences during maturation and after 
dehiscence. 
During matura tion excessively high temperatures tend to reduce the 

pollen ca rbohydrate ; l ow li g0 t a lso results in l e ss carbohydrate 

a ccumul a ting in mature pollen, probably as a direct effec t of 

reduced photo~ynthesis. If the.pl ant nutrient supply, particularly 

microel~ments, is below optimum, pollen miner a l content may be 

r educed, mod ifyin~ the pr otein-en zyme l evels. 

Carbohydrates 
Si mple sugars a r e the principa l me tabolic substr a tes used by 

germina ting pollen. The tota l s ugar compo s ition for P . r ad i ata 
is g iven in Table 3 as 13.92%. While other soluble sugars occur 
in most pollens a high per cent a~e of the f r ee suga r in cine 
pollen i s sucrose. Thus so l ub l e ca rbohydr a tes can be seen t o 

s i ~nificantly contr ibute t o the so lids content of aqueous extr acts 

of pollen~. The separation of the hormone Aq2 f rom this carbo­
hydr a te ma teri al ha s been a ma j or d i fficulty in thi s s tudy. 

Pr ote ins and Enzyme s 

Again f r om Tabl e 3 i t i s seen that a significan t amount of 

prote ina ceous ma t eria l woul d occur in the aqueous extra ct. ~hil e 

no de t a ilP,d info r m3tion on the enz yme cont0nt of P. r ad i a t a is 
a vaila bl e , Brewba ker (1971) ha s publi s hed a l is t 9f enzyme s known 

to occur in t he poll ens of hi1her pl ant~ . In a ll, thirty-nine . 

a r e li sted consisti ng of dehydrogena ses , oxidasos , t r ansf e r a s ~s , 

hyd rola s es, lyases , and ligase s. Knox (1971) re port? the l ocalise9 

presence . of certa in enzyme s s u ch as ac i d phospha t ase , ribonucleas e , 

ester a se, amylase, a nd pr otease i n th e pollen wall of many species. 

S t anley a nd S ea rch (1971) r eport on pr otein and en zyme cons tit­

uents whi ch r apidly d i ff use from germinating pollen. Pinus 
species were noted to undergo a small er l oss of we i ght when 

eluted with water than many othe r species. The rapidity a nd 

ease of loss of these pro te i ns and enzymes suagest that some 

enzymes a re surface . l ocalised or very ne ar the s urfa ce of exine 

(Stanley and Search, 1971). 

While the pollen used in thi s investigation for this thesis 

s tudy was ungermina ted it i s likely that readi ly d iffusable 
substances such ~s those above may be l eached out by water 

washing. Indeed, Sweet and Gallagher (1972) proposed tha t such 
material was the cause of troublesome toxic effects experienced 
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Organic Acids 
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All the Krebs cycle acids have been found in pollen , but 

quantities vary markedly with the stage of dev~lopment a nd hand ­
ling . Phenolic a cids such as p-hydroxybenzoic , p-coumaric and 
vanillic can be extracted and their l eve ls ca n be me asured . 

Fa tty acids . a r e a lso common i n pollen . La r ge quantities of certain 
f a tty a cids, particula rly pa lmi t ic, linoleic and linolenic acids 

exist in many pollens . Pine and other gynnosperm pollens are 
very high in li~olenic acid . The o ther major f a tty a cids in 

Pinus a re oleic, palmitic a nd stearic a cid . The ma jor portion. 
of fatty a cids exi s ts in poll en a s es t ers combined with sug~rs, 

phospha tes or other cons tituents which ha ve not yet bee n studied 

in any gr ea t deta il (S t anley, 1971) . Phospholipids f rom 
P. ponderosa were ex <;3.:n ined by 1V[ cI1wa in and Ballou (1966) . 

?hospha ttdyl-choline, pho spha tidyl~etha nolamine , phospha tidyl ­

~lyc erol, pho s pha tidyl-myoino s itol, pho s pha tidyl serire and 
biphospha tidylglyc erol we r e i dentifi ed . The ma jor f atty a cids 

of each were pa l mitic, ol e ic and linol e ic . 

Callo s e a nd Sporopollenin 

Callose i s a f -1,3-gl ucose po lymer pr esent i n high l evels 
i n polie n a t ma t urity . Thi s i s a f~i rly common carbohyd r a te in 

pl an ts, however its exa ct r ol e i s not known. The low water 
solubility of s uch polymers (c ompare cellulo s e) ind ica t es tha t 
they are not likely to be pre sent to a ny significant extent in 

aq ueous pollen ex t r a cts. 

The ch emica l compositi on of sporo poll enin s and pos ~ible 

precursors f or synthesis are nmrv known ( Br oo ks and Shaw, 1971) . 
In addition , the degradation products ha ve been well characterised , 

giving mainly dicarboxylic acids and aromatic hydroxy a cids . As 

significant degr adation is not likely to occur under the mild 

extraction procedure used in the present investigation , the 
sporopollenins will not be further considered in this discussion. 

Pigments 
The che~istry of pollen pigments has been rela tively well 

investigated, but their physiological role is not well understood~ 

Pollens are predominantly yellow in colour and this is due to the 

presence of carotenoids or flavonoids . However, free carotenes 
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or their derivatives have never been i sol a ted from pine pollen 
3nd thus whilst it is possible that 9arotenes exis t in these 

oollens in some highly modified form , the vi sible pi~ments in 

the exine a r e primarily fl avonoids . Fl avenoids frequ~ntly occur 
as glucosides . Some pi gments, in particula r flavones , a re wat er 

soluble and read ily diffuse from pollen into wa t er . 

Hormones a nd Plant Growth Re~ulators 

~any poll ens have been ass3yed for their nutritive vatue , 

especially pollens which a r e bee - ga t hered . Stanley (1971) , 

provides dat a on the vitamin content .of P inus montana pollen . 

Four B gr oup vitamins , ascorbic a cid , and biotin have been 
f ound . In add ition , s teroids simil3r in str uc t ur e to some an i mal 

hormones have been found . The function of t ~ese is as yet unknown . 

Indol e acetic a cid , 2uxins, inhibitor s , and ~ibberellins 
have been detected i~ pollens . ~wee t and Lewis (1971) carried 

ou t a comprehensive hormone assay analysis 9f P. rqd i a ta pollen . . 

In a series of paper s ~itchell Gt al . (1970 , 1971a , 1971b , 1972) 

cla i m the i so l ation of a new class of hor mones, "Brnss ins" , 

f r om ool len of rape (Br assica napus Goertn) . These hormones were 

isolated f r om ether extracts and wer e of 3 l ipid nature . However , 

in a r ecent paper ~ilborrow and Pryce (1973) hnve mode ma j or 
critic isms of the work of :,h t chell ~t a l . ~ilborrow and Pr yce 

naintain thst as the tirassins we r e not assayed using any of the 
11 r easonably _specific b i oassays for '3.UXins (o ':l. t col eoptile 
elongation) , gibberellins (gr owth s timula tion of dwarf ma i ze or 

amylase synthesis i0 barley a l eur one) , or cytokinins (tobacco 

pith callus ~rowth) , therefore ~ contribution of these hor mones 

to the a ctivity of the brassin f r 2ction has not been excluded" , 

These authors a lso contest much of the o ther dat a pr esented by 

Mitchell et a l. 

Mineral content 
The pfedominant elements found in pollens a re potassium , 

phosphorus , calcium a nd magnesium. Stanl ey (1971) presents data 

fo r the mi neral content of Pinus sabi niana a nd P. r ad iata . 

These have an a sh 9ontent 9f 2. 59 a nd 2 . 35 per cent . of their dry 

weight . Al uminium, copper, iron , manganese , nickle , tita nium 
and zinc occur in trace amounts . Estimations of chloride and 

bor on are difficul t a s the se may vola til ise dur i ng a shing . 
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PLANT GRmlTH RESULJ\TORS 

These may be divided into naturally occurring and synthetic 
r egulators . The ter m hormone has been r eserved for the na turally 

occurrin€ growth pr omoting substances . . These have tr~d itiona lly 

been divided into t hree ~r oups : aux ins , gibberell ins , and 

cytokinins; depending u oon chemic3l str uc t ure and physio l o~ica l 
effects . Inhibitors compr ise a separate class of gr owth r egula tors . 

Auxins 
Thi s gr oup of hormones i s characteri sed by their ability to 

i nduce e longation in shoot cell s . Auxins have traditionally been 

a ss ~yed f o r by the ' Avenq ' curvature t es t devel oped by Went (1926) . 

The isol at i on of the first chemi cally pur e ~rowth pr omoting sub­

stances , . nuxin a , nuxin b , 1nd indo l e - 3- ctc etic a cid (IAA ), see 

Fi gur e 1 , was c~rried out by Ka ~l et a l ., 1934 . These subst a nces 

were n9t o t first thou~ht to be naturally occurring i n hi~her 

pl ants , however I t\.A h,1s sin9e been shown to be very widespr ead . 

Shortly after its i sol ation , IAA was syn t hes i sed ~nd was thus 
readi ly 2v~ilabl e fo r s t udy . 

In low concentrati ons IAA was f ound to be >!rowth pr omoting , 

whil e a t hi~her concent r ati ons it was found to inhi9it ~rowth . 
Fol l owing the synthesis of I AA a setrch fo r si~i l 3r , mor e potent 
comoounds was undertaken . As a consequence the herbic i de 2 ,4-D 
( 2 ,4-dichlorophenoxyacetic ac i d) qnd the ~elective herbicide (l) 

~CPA (4- cbloro - 2- methyl phenoxyacetic ~cid , ~ethoxane ) were developed 

in the mi d- f orties . A wi de r ange of n2tura lly oc curring a nd 
synthetic auxins a r e now known . Many of the synthet i c auxins a r e 

of gr eat importance in horticulture a nd agriculture a s herbicides 

a nd weedicides . 

S ince Went developed the ' Avena ' curvature test f9r auxins 

severa l other bioassays for auxi ns have been devel oped , some more 

sensitive . Possibly the most sensitive is the Avena fi r st inter­

node t est .which is . ca pabl e of detecting auxin at between 0.34ft/L. 
and lpg/L, (Weaver , 1972) . In addition, this test is sensitive 

to inhibitors and gibber ellins . 

There a re sever a l chemica l tests which may be used to detect 

( 1) Sel ective for broa d l eaf weed:s - d icotyl edons 



Figure 1 gives the structures of some of the known auxins. 
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3. uxins · (W~0.ver·;· ). 972) ; , however these are gener al ly l ess sensitive 

than the biol ogica l assays . In additton , quantitative estima tions 
can be made on purified extr3cts only, as there is the possibility 
of other plant material causing interference . 

Gibberellins 

This group of hormones can be defined as having a ~ibbane 

skeleton 2nd the ability of modifying the '?;r owth of dwarf mutants 
of ~aize and peas to that of normal pl ants, Physiolo~ically , 
g ibberellins m~y stimulate cell elon~ation , or cell division , or 

both . The first crystalline ~ibberellin material was obtained in 

1939 by Ya bata from the f ungus Gibberella fujikuroi . This sµbse ­
quently ~as shown to be 3 mixture of three Gibberellins (GA

1
, GA

2 
a nd GA

3
) , Figure 2 . Following this , sever~l ~ibbere llins were 

isolated but it was not until 1954 thot the first str uctur 2l 

deter mination wa s carried out on Gibberellic ~cid (GA
3

) . It was 

not until 1957 that isibberellins wer e found.to occur in higher 

plants . At the ti me of wr iting this thesis , there are some thirty­
seven known natur ally o ccurrin~ g i9berell ins . Fiqure 3 gives the 

str u ctures of iso -~ ibberell i c ~cid , Gibberellin A12 and Gibberellin 

A23 · 

Seyeral very specific bioassqys i re known fo r gibberellins 

(~eaver , 1972~ a~ongst the most sensitive are the 8qrley Endosperm 

Test a nd the ~et~r dat i on of Leaf S e~escence in Rumex . These will 
be briefly described here as Aq2 hns given positive r esponses in 
these t es ts . 

In the barley endosper~ t 2st ~ibber ellins cause the rel ease 

of amyla se in e~bryoless endosper ms and starch is hydrolysed to 
reducing sugars . The amount of gibber ellin is proporti onal to 

the amount of amylase r e l eased and the ~mount of reducing sugar 

produced . Thus the amount of g ibber e llin present may be es tima t ed 
by e stimating the amount of amyla se or the a~ount of r educing 

su~ar . This bioassay c 3n be used over a very wide concentr ation 
r a nge and is extremely sensitive ; 4 x 10- ;¼g /L to 4mg/L of 

Gibberellic Acid may be detected . An added advantage of this 
bioassay is that it is a relatively r a pid t est requiring only 5 

days . Thi s assay has been applied successfully to crude a s well 
as pure extracts . 

The Rumex a ssay r elies on the f a ct that gibberellins delay 



Figure 2 gives the structure of GA1, GA2, & GA3, 

the components of Gibberellin A isolated by Yabata (1939) 
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senescence in leaves of Rumex obtusifolius . This again is a 
hi~hly specific test for g ibberellins, being abl e to detect 

O.Ol)lg/L to O.lmg~~ . GA
3

, while kinetin and I AA at concentrations 
of 6mg/L produce no r esponse . 

Cytokinins 

These plant ~r owth re~ul 3tors induce cell division . All 
known naturally occurring cytokinins a re adenines substituted on 

the amino gr oup. 

Ktnetin, Fi~ure 4 , the first tsolated 3ctive cell division 

fac tor, was isolated fr9m aged DNA , and subsequently synthesised 

by ~iller et ~l . (1955a, 1955b) . 

It was not until 1964 that a natur 1lly occuri ng cytokinin 
was isolated and fully characterised . This was zeatin , extracted 

by Letham in 1964 from 7 ea mays. (However Miller in 1961 had 

extracted and p~r tly cha r acterise9 a similar compound f r om the 

same source) . There are , to da ~e, only_a few known naturally 

occurring cytoktnins: of. these, zeatin, zeJtin riboside and 
zea tin ribotide, Fi~ure 4, have been found to be distributed 

widely amon~ higher plants (of the three, zeatin is _by far th~ 

most active) . Dihydroz eatin 2nd isopentenyladenine, Figure 5, 

have also been found to occur naturally . Very recently, 

6- (o -hydroxybenzylamino) - 9-fa - D-ribofuranosylpurine , Figure 5, 

the first ~nown n~turally occurring cytokinin with an aromatic 

side chain , has been chara cterised by Horgan at ~l . (1973) , 
Isopentenyladenine ha9 also been derived from yeast serine and 

tyrosine transfer RNA , and from the pl ant pathogen Corynebac t erium 

fascians . Kinetin has been isolated from aged DNA preparations , 

but is not considered to be a naturally occurring hormone . 

Numerous synthetic analogues such as benzyladenine have been 

synthesised and these have varying growth promoting a ctivities . 
Skoog and Armstrong (1970) undertook a study of cytokinin 

ana logues and determined which s tructura l features are required 

for activity . 

Other plant growth regulators active in traditional cytokinin 

bioassays 

Plant hormones have been assayed for , and classified by , the 
response they cause . in specific test systems . In addition to the 
synthetic analogues , there are othe r compounds which are capable 
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of eliQiting a positive r e s ponse in cytokinin cell division bio­
a ssay s , s uch as the toba cco b i oassay. The l ar ges t gr oup in t his 
cla ss a r e the s ub s tituted ur eas. Di phenyl ur ea , for exampl e , 

was i s olat ed from coc onut milk and s 0own t o have weak cytokinin 

a ctivity by Shantz and S t eward (1952, 1955). Some 500 urea 

deriva tives have been exami ned by Br uc e and Zwar (1966), and 

a pproxima tely ha lf of t he s e we r e a ctive in the toba cc o b ioassay. 

Bruc e ~nd Zwar came t o t he sener a l concl us i on tha t a n i ntact 

- NH -CO- NH- bridge with a phenyl gr oup a tta ched wa s required f or 
a ctivity. A second phenyl ring on t he oppo s ite s ide of the 
brid~e i ncreas ed a ctivity . Sub s t i t u ti on of a benzyl gr oup produc e s 

a compound which is e i t her inactive or has ant agoni s tic properti e s 

to cy t okinins. Ortho-chlor ophenyl ur e i dopurine (I) and N- [9 7 

( p -D-ribofura nosyl- 9H ) purin- 6 - y:;_ C'2rbamoyl) Jthreonine (II) , 

Fi ~ure 6 , h2ve a l so been shown t o be a ct ive in t he t oba cco bio­
assay. Keff or d e t al. (1968) sug~es t that t he su~sti t uted ur eas 

~ay a ct a t the same s i t e as the puri ne cy to kinins , or tha t t he 

e f fe ct arises f r om a ~adul a ti on of t he naturally occurring 

purine cytokinin l eve l s . Hall (1 973) ind ica t es t he poss i bil i ty 
of hydr oge n bond i ng in (I) '.lnd ( I I), and sug~est s tha t t he 

s imilar ity be t ween ( I ) and (II), t he substitut ed ureas , and the 

n atura lly occurr~ng cytoki n i ns , i s t ha t they ar e a ll pl anar 
mo l e c ul e s. Skoog and !.r ms trong ( 1970) points out th 2t et pos s i bl e 
s i mil .'.lri ty be t ween t he s ubs ti t u t ed ure -3. s , ·md purine cytokinins 

is in the N, : C - N gr oup in positions 7, 8 2nd 9 of the ~denine 
d eriv~tives, a nd the N - CO - N bridge of the subst i tuted ur eGs . 

This similarity can be extend ed t o compounds (I) and (II). 

Wood et a l. (1969) cl a i m the exi s t ence of a new gr oup of 
compounds having cytokinin-like a ctivity. These were isol a ted 

from Vinca rosea but were not fully char a cteri~ ed a nd a p:p2 a r ed to 

be nicotinamide deriva tives conta ining ~lucose, sulphur a nd 
sulpha te or sulphona te, and a stra i ght chain fa tty a cid. These 

growth f actors are claimed to be found in 11 dividing cells of 
certain dicotyledonous plant spe cies tha t a re f ar r emoved t axo ­

nomica lly from Vinca rosea, t he pl ant species from which these 
substances were first isola ted". 

Site of synthesis and bound forms 

The concept of a hormone is tha t of a ction a t a distance, 
the active compound being synthesis ed in one part of the plant 
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and then being transloc a ted to its site of a ction . Hall (1973) 

sta tes : 

The rregative effects of remova l of roots from a shoot 
can often be offs e t by applica tion of a cytokinin , a nd 
such data l e a d to the suggestion tha t roots produce a 
cytokinin wh i ch is tra nsloc nted to other pa rts of the 
plant . Bui - Dong- Ha and Nitsch wer e· the first to 
positively ident i fy such a compound , trans-ribosylzeatin , 
which they isola ted from chicory roo t s. ~ore r e cently 
Dyson et al . (unpublished da ta) , working in our l abora­
tory, obtained evidence tha t s prin~ maple sap contains 
isopentenyla denine . The ribosylz eatin and isopentenyl ­
adenine isola ted by the above workers were obtained under 
conditions which would yield only free nucleosides . 
There is always a possibility th a t elements of the 
cytokinin system a re tra ns ported in a bound form . 
Kende (1965) , working wi th a root exud ate , de monstra ted 
that a f a ctor ina ctive in the ce ll division assay wa s 
converted to a n a ctive f or m by a cid hyd rolysis, which 
su~~ests th e presenc e of a bo und cytokinin form. 

Yoshid a a nd Oritani (1972) ha ve f ound a hi ~hly water s oluble 
cytokinin which r ena i ned in th e qqueous fr a ction a ft er exhaustive 

extra ctions with n-butanol or e thyl a ce t a te . Svidenc e s ug~e sted 

tha t this wa s ~ z eatin ~lucoside . Aft er hydrolysis with a cid or 

j3 - glucosida se the ncti vity in t he cytokinin bio e. ssay was f? r eatly 

increa s ed . 

Glucosides of ~ibberellins ha ve been isola ted from i~ma ture 

s eeds of Pharbitis nil by Yoko ta e t a l . (1 969 , 1969b, 1971) . 

Thes e have considerably r edu ced a ctivity, but may be hydrolysed 

with acid to give an a ct i ve gi bber e llin . Certa in of the se 

g lucosides a re pa rtially re si s t an t t o enzymatic a tta ck. It 

ha s been postula t ed th3 t the se may be a stora~e or transport 
form of the hormone . Recently Deleuze et al . (1972) a nd Parker 

et al. ( 19?2) ha ve found two cytokinin glycosides . 

Deleuze et al. have found a nd h-J ve tentatively identified 

a metabolit e of beDzyladenine : 6-benzylamino- 7- glucofuranosyl 

purine ; Figure 7 , this compound ha s so me biological activity . 

The extent of this a ctivity wa s not discussed . The stereo chemistry 

of the glycosidic link has not been established . This comp9und 

was resistant to hydrolysis by both o ~ - and;3 -glucosidases , but 

was hydrolysed by 2N HCI a t 100° for 1 hr . It was found to 
persist in soya bean tissue for up to 60 days and this is 

thought to be due to resistance to enzyma tic degradation . 6 , 
7-Disubstituted adenines a re uncommon and this coupled with 
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the furanose confi gur a tion of the ~lucose is possibly r esponsible 

for its resistance t o enzymatic degr adati on . 

P~rke r et a l . ha ve reported n ~2tabolite of zeatin , Figur e 

7 , wh ich appears t o be a zeq tin gl ucoside with the g l u cosidic 
linka~e a t position 7. Thi s compound shows a ctivity in the 

radish cotyledon bioassay . 

The signi f icance o f the ~l ucos i de forms of the hormones is 
not yet cl ear ; however , one mi~ht specul a t e t hat these f or ms 

.nay be mor e readily translocated than the f r ee ho r ~one . 

Other important plant gr owth regulators i nclude cl8sses of 
inhibitors su ch ~s the abscisions ; abscisic 

ncid a nd xanthoxin, Figure 8 ; ger min~t ion .and qr owth 

inhi bitors such as coum3rin and s copal etin , Fi gur e 8 , and the 

phenolics, for exa~pl c phl oretin , 1nd ~cids suc h ns cinnamic 

a nd caffeic, Figure 9 , 3r e also known to be pl ant qr owth 
inhibitors . 

Ethylene has ~l so been shown to be a naturall y occurring 
~rowth regul ~tor ub i quitious amonq hiaher plants . 

Whil e it is obvious th3t Aq2 does no t belong to this l ~tter 

group of regul ntors , they h~ve been included as they ~Y be 

pertinent to the discussion of the toxic or inhibitory e ff ect 
encounter ed whon using the radish l eaf cxp2ns i on bi oass~y for 

cytokinins . 
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'1ETH0DS OF SEPARATION AND PUR IFICATION OF GIBBERELLINS AND 

CYTOKININS 

29. 

As indica ted earlier , it app;e.r ed tha t Aq2 was most likely 

a cytokinin or a ~ibberellin , qnd thus ~ethods of s2paration and 

purific ~tion of these classes of growth regul2tors a re briefly 
reviewed in this thesis . 

The purification of pl ~nt ~r owth r egul 3tors is most frequently 
a chieved by utilisa tion of chrom~to~r aphy in one or more of its 
vnried forms . 

Gibberellins 

All the known gibber ellins And gibberellin gluco s ides a re 
solvent extractable . The ~ibberellins partition iDto e thyl 

a ceta te under 1cidic conditions (Durley a nd Pharis , 1972) while 

all the glucosides so f ~r i dentified extra ct into n- butanol UDder 
a cidic conditions (Tq~ur a e t a l . , 1968 ; Yokotq e t al . , 1969a , b) , 

Thus it is possible t o m~ke a l 1r~e class separation a t an early 
stage of a puri f ic8ti on procedure . 

Gibberellin mixtures a r e fr equently resolved by partition 
chromato~raohy on celite - ch~rco ~l and celite- silic~ gel columns 

J-L1rr:mon a nd :Jiac ··l[illan ( 1971) • 

Separ a tion of ~ibberellic 3cid , i so - g i bberellic a cid and 
~ibberellin A1 , h~ve been reported by Pi tel ~t a l . (1971) using 

3 ephadex a s a support for p?rtition chro~2toqr Aphy . ~LC a nd 

~LC - \/fS combinations are now a powerful method.of separ a ting a nd 

identifying gibberellins (Ma cMillan and Pryce , 1968 ; Gavell 
et al . , 196 7 ) • 

Cytokini ns 

Ion Exchange chromat o~r aphy has been a very useful technique 

for the separation a nd purifica tion of the purine cytokinins . 

Nucleotides wi ll binc;l t o an:j..on exchange columns a t neutral pH ' s 

(Yoshida a nd Oritani , 1972) , while nucleosides and the f r ee 

bases shoul d bind to ca ti9n exchange columns under ~oder ately 

acidic conditions (Letham, 1966 ; Parker a nd Letham , 1973 ) . 

Nu9 l eotides can a iso be purified by absorption onto charcoal 
(Nitsch , 1968 ; Letham , 1966 ; Smid and Vardjan , 1970) . 
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In the earlier isolations, precipitation using silver and 

other heavy metals has been e~ploye9 to purify purtne deriv~tiyes 

unsubstituted in position 9 0:1iller, 1961; Lethnm , 1963, 1965 , 

1966 ; Niaheshwari and Prakash , 1967). 

Substituted purtne nucleotides can be precipitated as their 

barium salts (Miller, 1965 ; MacKenzie nnd Street, 1972) while 

nicotinamide-type cytokinins can be precipit~ted as the ir 

mercury salts (Wo od, 1964; Ma cK E.mz ie et al ., 1972). Letham 

(1964) has formed a crystalline picrate of zeatin . 

Paper and thin l ayer chromatography utilising various solvent 

syst~ms have been used extensively as se condary stages in purifi9a­

tion, often a fter initial column chromatography ( Kra~nick et al. , 

1971 ; Mizrahi et a l., 1971 ; M::ih::::shwari a nd Pra kash , 1967; 

Lc tham, 1966) . 

Glen et al . (1972) h3ve utili sed Polyclar AT , an insoluble 

form of the po lymer poly- N- vinylpyrrolidone ( PVP) cmd. hnve shown 

it to be reasonably specific in s~parating a phenolic fraction 

from plant tissue extra cts by H-bonding • . It has been employed. 

for column chrom3tography of nucleotides , purines , pyrimidines , 

riboflavin and vitc1.min B12 • Gl en et a l. (197?) Vvs)re -:1ble . to . 

de~onstrate.the separa tion of Gibberellins A1 , A
3

, A4 , A5 , A7 , 

A8 , A9 , A10 , abs cisic a cid, indolc-acet ic a cid and zeatin . 

Sephadex 1 :-I 20 has been used for the separ a tion of cytokinins 
b,Jr Armstrong et~,. flOAO) • - __ -_ ...... ,-,-// ' Hewett a nd ;~1a r eing, (1973); Burrows 

et a_!. ( 1971). Recently Horgan e t D. l. ( 1973) utilised Se phadex 

LH 20 a s the support for partition chroma tography of cytokinins . 
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CYTOKININ ASSAYS 

Chemical and physiochemical methods of detection generally 

can only be applie~ meanin~fully on purified or partly purified 

extra cts; however, there a re s ome exceptions . Thin l ayer a nd 

paper chroma tography hQve been used mainly in purification and 

i dentificat ion roles - bioassays bein~ used to monit9r activity . 

GLC can detect cytokinins in samples .J. s low as o.yg, while 

individua l components in mixtures of bases and ribosides c~n be 
se pa rated. GLC-M.'3 is a powerful analytica l tool; however, 

bioassays a re still one to two m~gnitudes of order more 
sensitive . 

Cytokinin Bioa ssays 
There are three vrn ll known bioa ssays essentially invoJ_ ving 

cell or tissue cultures and one utilising who le cotyledons, 

which r 9ly on the ab ility of cytokinins to c'.luse cell divisi9n. 

These a re the tobacco callus test, the soya bean ca llus test , 

the carrot root phloem test and the radish cotyl edon enla rgement 
test . The tobacco and soya bean callus tests rely on a 

synergistic effect between cytokinins and auxins t o produce the 

callus ( a mass of undifferentia ted cells) . These are both 
highly specific and sensitive nssays , the former being capable 

of detecting isopentenyl-'.J.denine a t concentrat ions down to 
-11 5 x 10 Mand 

-10 r ange 10 . to 

produces a linear respons e over the concentra tion 
-8 10 M. The soya bean 3SS8 Y i s slightly less 

sensitive , but ~ives a measur able response over n wider concen­
tration range. The carrot phloem test a ppears to be slightly 

less specialised, allowing one a lso to test the effects of plant 

growth substa nces and their inhibi t ors on such par ame ters a s 

protein nitrogen content and other biochemical criteria (Steward 

and Kirkorian, 1971). The r adish cotyledon expansion tes t 

developed by Letham (1968) is claimed to be able to detect 
kine tin a t 10,lig /L ( ,_, 5 x l0-8M). This assay ha s been stiown to 

be sensitive to gibberelli c a cid in high concentrations, however 

"a gibberellin-induced cotyledon enlargement can be distinguished 

from a cytokinin induced enla rgement by pla cing r adish hypocotyl 

sections on the test solution beside the cotyledons. Gibberellic 
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a cid promotes marked ~ypocotyl section elon~~tion while cyto­

kinin slightly suppresses elongation7' (Letham , 1968). The 

advantage of this assay is the short len~th of time required to 

complete it (2-3 days) , 2nd its sensitivity is cla i med to be 

comparable to tha t of the other rapid ~ssays. 

Among the rapid bioassays which have been described to da te, 

a re those which have relied upon the ability of cytokinins to 

delay chlorophyll degradation in l eaf material; ucing radish or 

xanthium leaves, . between O. 063 to 16 m~;t of kinetin ca n be 

detected (We gver, 1972 ). Other rapid jioassays ha ve relied upon 

the ability of cytokinins to increase the . length of the lateral 

buds in peas, mung beans and other pl an ts, and to increase the 

size and wci~ht of l eaf dis cs from r adish 3nd bean leaves. 

The Biological Activity of~ 

Aq2 was found to give a response in the radish cotyledon 

enlargement bioassay w~ile no response was obtained in the c a rrot 

phloem assay ; however, responses were obtained in both the 

barley endosperm and Rumex ;,,_ ss ays for gibberellins (Sweet and 

Lewis, 1971) from their crude 2xtr a ct. The extra cts of Gallagher 

and Aldersley , And tha t of the ~uthor, have been tested fo r their 

response in the r adish cotyledon bioassay only . 
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DISCUSSION AND CONCLUSIONS 

GLC of Gibberel lins 

At the time the autho r became involved with this project 

the proba ble chemical na ture of Aq2 was s till undetermined. 

Swee t a nd Lewis (1971) ind icated that Aq2 appear ed to have 

some properties of both cytokinin and g ibberellin type 

compounds . While the physio l o~ical e ffect on p9llen tube 

~rowth parallel ed that of the cytokinin kinetin , the respons e s 

in the bioassays tend to indicate a ~ibberellin type compound . 

Cavell et al . (1966 ) reported the d irect identification 

of ~ibberellins f r om crude plant extracts by gas-liquid _ 

chromato ~raphy . Furthermor~ Mac~il l an a nd Pry9e (1968) , 
Binks et a l. (1969 ), a nd Cro z i e r et al . (1971) , have all 

reported the cha racteri sation of ~ibberellins by combined 

~as-liquid c hromato ~r a phy-mass spe ctrometry . 

It is for these reasons that a preliminary study of a 

GLC ne thod for the i dentifi cat i on of ~ibberellins wa s under­

taken . The c ondi t ions of Cavell et a l . (1966 ) were used a s 

a ~uide and ~ibberellic a cid used to ~a in experience with 

the te chniques . 

A sample of ~ibberellic a c id was methyla ted , as d escribed 

in the experimental section , and injected onto a 2% SE33 

column . Two major overlappin~ peaks were obtained ; these 

were suspected t o be the methyl ester derivatives of g ibberellic 

a c id and either gibberellin A
1

, A
2 

or iso-A
3

• The reason for 

the a ppearance of the second major ~ak here was uncertain . 

It seemed i mprobab l e that such a large amount of impurity 

would be present in the ori~inal Koch ti ~ht sample . It was 

therefore as sumed that the second peak was probably due to 

the presence of iso-GA
3

• 

It is known that base will cause the l a ctone ~ing of 

g ibberellic a cid to isomerise (Cross et al ., 1961) , and as 

a lcoholic 10% KOH was used to ~enerate the diazomethane the 

possibility that some base may have been carried over with 

the diazomethane was considered, althou~h thought unlikely. 

It appeared more likely that catalytic isomerisation was 



caused by the presence.of metal, metal ions or t races of 

acid in the GLC colur_nn , especially in the region of the 

injector , (~ac~ill~n, 1973) . The presence of the l atter 

agent was thought to be improbable . Subsequent use of a 
repa cked column produced one peak only~l) 

34 . 

The t rimethyl silyl ether of this sample of methyl 

~ibberel l ate was for~ed,.as Ca vell et al . (1966) indicated 
that ~ibberell ins A

1
, A2 , and AJ were not resolved as their 

nethyl ester but were as their trimethyl s ilyl ether-

nethyl ester der ivatives . Chromato~raphy of this sample on a 

2% SE33 column yielded one ·najor peak and two minor peaks • . 

The retention times, when t3ken relative to the .na jor peak , 

which was assumed to be gibberellic a cid, did not ap~ar to 

correspond to a~y of those published by ravell et a l . (1966) 

and are thou~ht to be artif~cts of the silylation procedure 

used . 

A sainple of the trimethylsilyl ether - methyl ester 

derivative was chromatoQraphed on a SE30 c J l umn , yieldin~ 

one minor and one m~jor paak , the former havina the shorter 

retention time . 1ass spectra were run from samples taken 

at the leadjn~ and trailin~ portions of the ninor peak and 

from the leadin~, middle and trailing portions of the ~ajor 

peak . The mass spectrum fro•n the centre. of the major penk 

was very similar to th3t publis hed by Binks et al . ( 1968) of 
the met0yl ester - tri~ethylsilyl ether of ~ibberellin A

3
• 

However , additi onal peaks are evident in the authors sample . 
11 The si~nificant peaks at m/e 207/205 , shown to be c12 H19; 20 
OS :;. in the case of -·~e A

5 
T1\1Si, a re characteristic of the 

7- TMSi ethers ; they nust contain rings C and D and probably 

arise by the cleavafse shown . in fi(lure 1 , with or wit :J,out 

additional loss of hydrogen ." (Binks et a l ., 1968) . The 

remaining mass spectra were not readily identifiable and 

were not further analysed . 

At this point solvent extraction data obtained by 

~allagher and Al dersley (1972) indicated that Aq2 w~s 
probably not a a,ibberellin or gibberellin glucoside , and 
hence this aspect of the pro ject was not further pursued. 

(1) The column producing two peaks was unpacked and traces of 
metal filings were f ound in the region of the injector . · 
This col umn was repacked with fresh support prepar ed at 
the time the column was initial l y packed . 
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Aq2 as a Cytokinin 
Followin~ the work of Sweet and Lewis (1971) , 0all agher 

and Aldersley (1972) carried out further investi~ations into 

the na tur e of Aq2 . These workers had developed a l a r ge scale 

extraction procedure , and ca~e to the following conclusions : 

i . That Aq2 consisted of at least 9ne major active factor 

which i ~ a l ow molecular wei~ht , polar, highly water-­

soluble, non- solvent extr act~ble compound . 
ii . That Aq2 was almost definitely not a gibberellin or 

~ibberellin ~lycoside . 
iii . That if ~q2 was a cytokinin , it was not zeatin , zeatin 

riboside , isopentenyladenine or isopentenyl- adenosine . 

iv . The possibility existed that Aq2 w~s a ribotide, poss i bly 
zeatin ribotide . However failure to absorb onto charcoal 

did not support this . 

An anion exch-cinn:e column , BIO - RAD A~ l - x8, 200- 400 -nesh , 
formate for111 had bee n run by these workers and this led to a 

dranatic loss in activity which led the workers to su~~est 
the possibility of a synerqisim bein~ present . 

This was the situation which existed when this author 

bec311e involved in the study of Aq2 as a cytokinin . 

Column Chromatogra phy 

An anion column w-3.s prGp.'.1 r erl , .::is rli scussGd in the experi ­
mental section . Seven 80 c113 fractiorowere col l e cted a nd 

bioassayed . Fraction one caused th e cotyledons to d ie while 

no activity could be found in any of the r emainin~ fractions . 

This r ~sult paralleled the results of Galla~her and Al dersl ey . 

The toxicity observed for fraction o~e was thou~ht to be due 

to 111aterial rel eased from the col umn , the nature of which 

was unknown . An atte~pt to r emove this toxicity by solvent 

extraction with ethyl a cetate or n - butanol at acid and basic 
pH:' s was made . ExtrRctions with n - butanol a t pH 2 . 5 proved 

successful . This indicated that Aq2 did not bind to the 
anion column under na.t,ra l conditions mitigating a~ai nst Aq2 

bein~ a ribotide as these woul d be expected to bi nd under 
these conditions . 

Cohn (1955) has reported the separat i on of a mi xture 
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of free bases , ribosides a nd nucleotides from nucleic acids . 

As all the naturally occurrin~ cytokinins (with the exceptions 
of substituted ureas and thio-ureas) a re adenine derivatives 

it was decided to t ry ~nd bind Aq2 under the cond i tions 

described by Cohn (195 5) . Two columns were run 8t these 

moderately bas ic pH's . In both cases no activi ty coul d be 

found in the separ a t e f ract ions or vhen the fra ct ions were 

combined . Aq2 had been shown to be stable t o base and 

therefore these r esults indi ca t ed t ha t e ither Aq 2 was binding 

irreversibly a t these pH's or tha t Aq2 was bein~ degr aded 

catalytica lly by the r e sin . 

Af t er d i s cussions with ~y su pervisor and various delegates 

a t the Internationa l Plant Physiolo~y Sympos ium 1973, notably 
Dr . G. B. Sweet a nd Dr . D. S . Letham , it was decided tha t 

ca tion exchan~e chrom~to~raphy under qcidic conditions ~i~ht 

yield more r esults . If Aq2 was amphot eric 3nd binding s trongly 

under ~j ldly basic cond i tions then it m~y be pos?ible under 

a cidic conditions t o for ~ a cation . Further ~or e , Swee t and 

Lewis (1971) had re ported binding Aq2 onto a Dowex 50-W, H+ 

column a nd subsequently elutin~ it off aguin with a n ~nmoni a 
solution . ~allagher qnd Al ersley ( 1972), however, wer e not 

a ble to reproduce t hese r esults . 

Parker e t a l . ( 1972) successf ully used cellul ose phospha t e 

in the iso l J tion of~ cytokinin ~l ucos ide . Cellulose based 

ion exchan1ses :3re cl a i med to give superior performance wit h 

poly- electrolytes a llowing: f as t er absorption a nd desorption 
than the polystYI'ene base r esins~l) 

It is for these r easons that Whatman cellulose phospha te 
Pll ca tion exchAnge cellulose was chosen for this study . The 

results f r om these column runs were difficult to interpret , 
neither really positive or negative results being obtained . 

No toxicity effects were encount ered in any of these column 
effluents . 

Following the l ack of success wi th the cellul ose based 
ion exchanger a further exarnina tion of a Dowex 50-W type 

(1) Thompson (1967~ 
and Whatman Technic a l Bul l etin IE2 
" Advanced ion exchange cel:lul oses" . 
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resin was though t to be warranted . Three columns were run 
under the conditions described in the experimental section. 

Some g_rowth inhibition was noticed in the initial column 

eff uent. Tb.is was r emoved . by so lvent extr a ction with n­

butanol a t pH 1.5. Aq2 was fo und in the initial column 

effluents indica ting a l a ck of b indin~ . 

The f a ct that no ac t ivity could be foun d after the anion 

exchane:e column had been run under b.'l sic conditions had 

renained a disturbing fa ctor. It was decided a further study 

of the anion column under basic conditions was warrant ed . 

Initially two column runs were pl ~nned , one at pH 8.5 a nd the 

other a t pH 9 .2 - pH? a nd pH 10 being ineffective . 

The a ctivity fr om the col umn run a t pH 8. 5 was split 

into two frac ti ons . One pa ssed s tra i '.zht th r ou,::,;h the co lumn 

while the other was e l uted f r om the column wi th JN formic a cid. 

As Aq2 had been applied to the column in water rathe r than 

buffer ther e was so~e doubt as to the exact pH of abso rption. 

Furthermore, the spli tting of act ivity into two fr a ctions 

could h~ve indica ted either Aq2 is compo sed of t wo or more 

f r a ctions or, more probably, tha t due to a poorly favou r ed 

binding and a high flow r a te th 9 col umn 1.r.fa s overloaded . A 

se cond col umn was run a t pH 8 . 5, wi th Aq2 being appl i ed io 
a· w~~k btiffer and· a llowed to absorb s t 3 slower f l ow r a te. 
S i mi l a r r esults were obta ined as in the pre vious run. A 

third column was r un wi th absorption a t pH 9. 2 in weak buffer. 

Activity was found in th e ini tial c olumn effl uent. Only 

optimurn bind ing: wo uld appear to occur in the rer-;ion of pH 8 . 5 
The method used to convert the BIO-RAD AG lx8 resin to the 

forma te form might be considered suspect! however even if 

the resin was not completely in the f orma te form durin~ the 

initial column runs it is thou~ht that the resin would have 

been almost compl etely converted by the repeated washing with 

3N formic acid. 

For severa l column runs Aq2 was applied in water at the 

desired pH, rather than in buffer. This was due to a concern 

regarding the ionic strength of the Aq2 solution. Appreciable 

amounts of hydrochloric acid and sodium hydroxide have been 
used to ad just the pH of the crude extr a ct during the solvent 
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extraction stages and this is in addition to any indigenous 

ionic material present. It was thou~ht possible that a high 

i onic stren~th may have been respons ible for the l a ck of 

bi nd i n~ t o i on exchan8e r es i ns but this does no t now ap:p3ar 

to be so . 

Purity of the Ag2 Extracts 
The pures t extr a ct so far obtained contained 49 mg solids 

per GEP . Aq2 is estimated to be present in the concentrat ion 
( 1) 

r a n~e of 1-100_/,lg per OEP . · Hence , even in the pures t 

extract obta ined so f a r, t.q2 compo ses · 0 . 2% or l es s of the 
solirl s content of the extr a cts . This ha s severely limited 

the 3~ount of Aq2 which can be spotted onto chromatostrips 

a nd has f or practica l purpo se s exclud ed the use of preparative 

paper chr omat o~r aphy . A further complicat i on i s that the 

bulk of the su~ar s tend to run with the same Rf zone a s Aq2 

in b utanol: a cetic a cid: water so l vent . The ina bility to bind 

Aq2 read ily to an ion exch ange r esin ha s a l so been a ~or 

problem . 

So lvent extra ction of t12 ha s been briefly studied. 
Aq 2 is not solvent extra ctable into ether (Swee t and Lewis 

1971) or in n- butanol 3nd ethyl acetate (Gal l a~her and 

Aldersley 1972). Aq2 i s soluble in e thano l and ~ethanoi; 

however, a l qrge proportion of the solids a re a lso s olubl e 

l' n t,''nese SO ~.l.. -V- '"' f-11-:c . "-·-- ·· - - _ _ ,,~_,,_ ,:, +1-, ,-, ,....~l c~ l 11 t-;nnc, 1aT/'.'>1"/'.'> .._, v u nuwc:v~1 · , ctL.(ucuu0 \:;U1Ju1.1.v .J... vv ..J,... ..... ,u~-...J· .... - .................. 

found to be usefu l in f r e ezing out carbohydra te material . 

The Bioassay 

Some de gree of difficulty has been experienced with the 

r adish cotyledon bioas say. 

to a t oxicity problem was 

a nd a lso by this wo rker . 

A l a ck of sensitivity in addition 

noted by Gallagher and Aldersley 

The assay appeared to be very 

sensitive to numerous substances which a ppeared to influence 

~arked ly the response obtained and has been the reason for 
the necessity of chroma tography prior to bioassaying . In 

alnost al l cases f a ilure to run chroma togra phy strips before 

(1) 1 GEP of Aq2 g ives a r esponse in the radish cotyledon 
bioassay of grea ter than 10 ppm kinetin. Assuming a 
simila r potency as kinetin Aq2 could be present in the 
concentration of 10.fa~/GEP . However the potency could 
feasibly be a factor of 10 greater or less than kinetin . 
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b i oassaying caused most or a ll the cotyledons to die . 

~ icro-organism Contamin3 tion of Ag2 Extra cts 

The high carbohydrate content of Aq2 - containin~ extracts 
a ppears to be an idea l source of nutrient for bacteria and 

fun~i and the prevention of gr owth contamina tion, especially 

fungal ~r owths, has been a major pr oblem in the stor age of 
Aq2 extr acts . It has been found that the addition of chloro­

form inhibits but does not completely eliminate fungal growth. 

Suqgestions for Further Work 

The fact t hat Aq2 a ppears to be split into two fr~ctions 

by absorption a t pH 8. 5 has not been inve sti ?ated further and 

this should be a startin~ point for further work . Possible 

avenues for explora tion could be doublin~ the column len~th 

a nd/or slowin~ the column flow r a te . Another possibility 

worthy of investigation would be the use of a cellulose anion 

exchanqer which ~ay possibly have a faste r excha nge rate . 

I n any event it should be now possibl e to char ac t erise the 
portion of Aq2 which binds to the anion col umn at pH 8. 5 by 

the sta nda r d technique of paper and thin layer chromato~raphy 
followed by gas liquid chromato~ra phy - mass spectr ometry or 

mass spectrometry a lone, as to date the great difficulty with 

characterising Aq2 ha s been its separation from the l a r ge 

3mount of soluble carbohydrate a nd other water soluble 
materials . 

It would now be very informative if the fra ction that 

binds to the anion column could again be bioassayed in the 

~ore traditional cytokinin and ~ibberellin bioa ssays and to 

see if these r esults para llel those obtained by Sweet and 

Lewis ( 1971 ) . 

If further work fails to bind al l of Aq2 on an anion 

col umn the use of poly- N- vinylpyrrolidone could possibly 

yield useful information . Glen et al . (1972) have used t his 
material to isola te compounds from pl ant extracts which are 

capable of hydroren bonding. If this proves . unsuccessful the 

use of .S ephadex LH- 20 should be c9ntemplated , (Armstrong , 

et al. , 1969 ; Hewett anc;i 1•:areing , 1973 ; Burr ows et al •. , 

1971 ; and Horgan et al ., 1973) . 
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If these techniques proved unsuccessful the te chniques 
invo l ved in the fractionation of sugar mixtures shoul d be 

examined a s it may be possible to separa te Aq2 from the 

bul k of the ca rbohydrate material by this means . 

The Nature of Ag2 
At this stage it is not possible to dr aw many additional 

conc l usions a bout the structure or chemical nature of Aq2 . 

~ecent l y Letham (1973) has described the chara cterisation of. 

ten cytokinins from .Z ea mays , a nd this is the first instance , 
known to the author , where an anion column has been used 

under ba sic pH's , to separate cytokinins. The two cytokinins 

isol s ted in this manner were 6 - (4 -hydroxy- 3- me thylbut-trans -

2- enyla~ino) - 9- fo - D- ribof.uranosylpurine 5' - monophos phate , 

absorbed at pH 8, a nq 6 - (1 - ca rboxy-2 - hydroxypropylamino) - 9-
riboBuranosylpurine , absorbed a t pH 9. However, both of 

these compound s were a l so ~bsorbed onto charcoal and bound 

to a ca tion column and hence behave quite differently to Aq2 . 

Recent results from a nion column runs 5 and 6 tend to 

indicate Aq 2 havin~ a somewhat higher Rf value than 0 . 2- 0 . 3 

as deter~ined by Gall agher a nd Al dersley , a nd Sweet and Lew is . 

Greater a ctivity appears to be pr esent in zone 3 than zone 2 
and usually the inverse appli es . . This ~ay be due to the 
Rreater degree of puri t y of these samples, however these 

results are very tentatj_ve a nd require further study . 

In summary , Aq2 either occurs in l a r ge quantities in 
the pollen of P. r ad i ata or occurs in lower quantities but 

is several times more po tent tha n kinetin . It is hi~hly 

soluble in water , has a low molecul ar wei~ht and is non 
solvent- extractable . It ap-p3ars to bind weakly to an anion 

exchanise col umn a t pH 8 . 5. When chroma tor-;raphed in n- butanol 
acetic acid : water it occurs between Rf 0 . 2- 0 . 4 and does 
not appear to resemble any of the chara cterised plant hormones 

known at the time of writing . 
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EXPERIMSNTAL 

All so l vents used in this work were c rum ~r ~de, ~nd _were 

distill ed prtor to use. All water used was of distilled, deion­

i sed quality. The SLC used for the int r oduct ory work on 

gi bber ellins was a V9rian series 17io instr ument with fl ame 

ionisa tion detectors . The GLC - m~ss spectrum work w2s carried 

out on a AEI-T-'I.'3 30- GLC mass spectrometer . YJ.te ' s Lonf.: Sc .J.rl e t 

mnr ket s tr~in brand of seeds were used in the bioassay . 

The Bioa ssay 
This i s~ sli~htly modifi ed f or m of the radish cotyledon 

expansio n bio~ssay of Letham (1968) , as u5ed by Sweet and Lewis 

(1971 ) . Sa~pl es t o be assayed ar e str eaked on 5 x 57 cm s trips 
of ,.1.'ha tman 3 WI[ chrom:ltogr ,'lphy paper , 2 . 5 cm from one end. These 

a re devel oped by 3scend i nq chromato~r3phy in n- butanol: a cetic 

3Cid : wa t e r (12 : 3 : 5) . E3ch sampl e to be assayed. i s.run in 

t r ip+tcate (to pr ovide fo r the three r cplicstes A, B, C of each 
sample, see below) . After devel opment the str ips a r e dried i n a 

fume hood overnight . The r egion on each devel oped chroma tostrip 

between the so l vent front ~nd the origin is divided into ten 

equa l zones . Aq2 h3s been found in zones 2 nnd 3 (Rf 0 .1 to 0 . 3 ) 

on such chromatos trips . The chromatostrips ~re vi ewed under U. V. 

befor e being cut into zones . These zones , appr ox i mately 2 cm x 

5 cm, a re used in the bioa ssa y . 

A l a r 8e excess of r adish seeds (variety l ong s carlet , marke t 

stra in pre- soaked for 30 minutes) a re planted on a moiste ned 

shee t of Wha t.dan 3 1\/fJl chromatography paper supported on a plasti9 

coa ted wire r Eck. The . r a ck i s pl ~ced inside a l a r ge plastic bag , 

100 cm3 of water added , a nd the bag seal ed using bulldog clips . 

This i s then pla ced in a ca binet in the dark a t 26 - 27°C for 

thirty- six to forty hours . 

After this peri od the ger mina ted r adish seedl ings a re removed 

fr om the plastic bag a nd the smaller inner cotyledon of each is 

excised and pla ced on a piece of moistened filter pa per iD a 
petri dish . After sufficient cotyledons have been picked , they 

a re sorted into nine size groups, rang ing from l a r ge through 

medium to small coty ledons respec tM::ii.y, and pla ced on mo istened 
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filter paper in numbered petri dishes (numbered 1-9) . Each 
select~d zone of interest from the chroma tostrips described above 

is placed into a petri dish and mo istened with between 0 . 7 - 1 cm3 

of water . Th? dishes are arranPed in sets of three replic a tes . A, 

Band C (i . e . , three dishes for each zone being tested) . Th~s , 

if two chroma to~r aphic zones from a sample are being a ssayed , 

this requires six petri dishes'- Ten cotyledons are then selected 

a nd pla ced on the paper zone in ea ch dish . The cotyledons are 

selected in the following manner . For replic a te A, they a re 

obtained from the three dishes numbered 1- 3 ~onta ining the l arge 

cotyledons . Dish 1 contribute s 3 cotyledons, d ish 2 contributes 

3 cotyledons and dish 3 contributes 4 cotyledons . All the dishes 

in replicJte A have their compl ement composed in this.fashion . 

For replicate B they a re selected in a similar mnnner , except 

dish 5 contributes 4 cotyledons with 3 each from dishes 4 and 6 . 

In replica te C, dish 7 contributes 4 cotyledons wi th 3 ea ch from 

d ishes 8 a nd 9. 

Lids are put on the petri dishes which are then placed on 

the wire r a cks; the racks a re then pla ced in a plastic bag 

together with a pproxi mately 100 cm3 of wa ter, and the bag s sealed . 

These are then pla ced on a bench illumindted by fluorescent 

lighting~l) at 26 - 27°c f or three days (72 hours) . Additional 

water is added to e3ch dish after t wo da ys . 

At the enc;l of this growth period , the coty ledons a re removed 

from each d ish, ca refully blotted dry and we i ~hed (i . e . in groups 

of ten) . Any cotyledons obviously inconsistent with the others 

in a particular dish (stunted growth or l eaf necrosi~ are dis ­

ca rded and an aver age for that dish calcul ated . 

The sorting is designed to .give a r ~ndom distribution of 

cotyledons at three size levels, throughout the entire bioassay -

this is ne cessary as sensitivity to growth regula tors apparently 

varies with cotyledon size . It is possible to ~pply statistics . 

to the results (see for example Sweet a nd Lewis , 1971) to obtain; 

(1) The author used two Mazda 40 watt "Daylite" fluorescent tubes 
supported approximately 3'8" a bove the bench . The light 
intensity at dish level was found to be approximately 58 ft~ 
candles , as measured by an Eppley thermopile coupled to a 
sensitive digital vo l tmeter . The thrmopile was sensitive to 
light in the range 400- 700 nm. 
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Replicates C and A for 10 ppm kinetin (direct), prior to 
weighing (top to bottom C - A). 

44. 
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for example , confidence l evels; however, there are often only 
three replica tes run per zone due to practical size restrictions 
on the bioassays, whi ch often run i nto 400 to 600 cotyledons per 

bioassay . Thus such calculations a re normally onl y carri ed out 
to establish guidelines fo r reli ab ility a nd sensitivity ; the 

s i ze of a routine bioassay is often such that multiple repeat 

replica tes woul d result in it be comin~ i mpractically l a rge . 

Extr a ction Procedure 
25 g sa~pl es of poll en were washed with wa ter by suspending 

the pol l en in 500 cm3 of wa ter and shaking for 10 minutes on a 

Grif f en flask shaker. The _,{ater in the r esulting slurry was 
filtered off under suction, the poll en resuspe nded in fresh water 

a nd the process repeated two more times . 

50 g of washed pollen were pl~ced in a screw cap pl ~stic 
container (2.81 capa city) with approx ima tely 2 Kg of chilled 

gl a ss balls (5 mm d i ameter , undrilled , BDH ) and 600 cm3 of ice­
cold water. This conta i ner was vi gorously shaken on a vertical­

a ction shaking m~chine (400 oscill a tions per minute) for 10 

minu tes . The contents of the conta iner were poured through a 

buchner funnel (without filter poper) t o separate the disinte­

~rated pol l en ~r ains and aq ueous ex tra ct f r om the gl ass balls. 

500 g poll en was treated in this way by repea ting th e procedure 

ten times . The yellow slurry so obtained was placed i n poly­

carbonate centrifu~e bottles (500 cm3 _capacity ) ~nd spun in a 
Sorvall super speed centrifuge (RC2 - B, GS 3 he ad ), a t 5000 ~p . m 

for 30 minutes . 

The aqueous superna t a nt extract was decanted off and the 

yellow pollen precipita te/residue discarded . The aqueo us 
fra ctions were bulked . Two-litre portions of this extract were 

extracted twic e with equa l volumes of ethyl acetate . An emulsion 

formed with each extraction . Thi s emul s ion was broken by centri~ 

fuging at 5000 rpm for 30 minutes in the Sor vall RC2 - B. This 

caused lipid-like materia l to compress to a solid cake situa ted 

between the aqueous and the ethyl a cetate l ayers. Ethyl ~cetate 
was drawn off and the lipid-l ike materia l separa ted fro m the 
aqueous extract by carefully filtering it through a plug of gl ass 

wool . 

The aqueous extract wa s then reduced in volume by one fifth, 
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using a Buchi Rotavapor R; the tempera ture of the ws3-terbath was 
kept below 40°c. The pH wa s then adjusted to pH 6.$, a nd 400 cm3 

portions of thts solution were shaken twice with a ctiva t ed char­

co ~l (2 x 10 g , Dar co G- 60 ) fo r 30 miDutes . The r esulting 

solution wa s reduced :in volum$ by 5ofr.. , the pH adjusted to pH 2 .5 
with dilute hydrochloric acid , a nd extr a c ted with an equa l 
volume of water-saturated n-butanol followed by an equal 

volume of n-butanol. The pH of the aqueous phase was ad justed 

to pH 6 .8 and the sol uti on a~a in extra cted wi th an equal volume 

of water-satura ted n-buta nol followed by an equal vo lume of 

n- butanol . The r esu lting aqueous so lution will be referred to 

a s the crude extr a ct. 

Column Chr omat ography 

Anion Exchange Chr omatogr.ill2.b.Y 

A 30 cm x 1 . 9.cm ~l ass column was pa cked with BIO- RAD A. G. 
,1 x 8 200- 400 mesh , chlor i de f or m anion exchange resin, the 

resin having first been de - fined several times in distill ed w~ter 

(until the resin sett l ed re l a tively rapi dly ). After pa cking , the 
colur.m was then ba ck-washed f i ve ti~c s . 

The formate form of t~e res in was then fo r med . The recom­

~ended convers ion pro cedur~ which wa s initia lly fo l lowed , was: 
Ct -·-·---?" OH-, 20 bed - volume s l N N3.0H; 

OH - ~ fo r ma te, 2 bed - volumes l N formic a cid . 

In f a ct, excess of 30 bed - vo l umes of l N NaOH was passed throu rrh 

the column a nd a strong chloride precipi t a t i on with AgNo / 2 i ~as 
still obta ined. As bica rbonate i s excha nged pref er entially it(J) · 

was decided to displace chloride with bica rbona te and then to 

displa ce bica rbonate ~ ith formate ; removing the co 2 und er va cuum. 

The resin was removed fro m the column a nd 2N formic acid 

added until effervescence c eased. The resin was filtered off and 

( 2) 

( 3) 

Test for completeness of conversion to OH form:- acidify a 
portion of effluent with cone HN0

3 
and add 1% AgNo

3
• 

AG l -x8 Order of Selectivity 
I phenolate H so

4 
Cl0

3 
No

3 
Br CN HS0

3 
N02 C 

HC03 I0
3 

H2COO Acetate OH F 

BIO-RAD La bora tories Price List W. June 1971. 



fresh 2N formic a cid Qdded a nd the mixture was placed under 
vacuum for 3 hours . This was repeated two more times . The 

col umn was repa cked a nd b 3.ckwashed . 

The anion col umn w~s run seven times in all . After the 

4 7 . 

first run the column w~s reconverted t o the chl oride form by 

eluting with 2N NaCl ( 20 cm3 porti ons of effluent were titra ted 
2fter adding 20 cm3 of lN NaOH - compl ete conversion was 

est ablished after the l ast traces of sodium formate - formic a cid 

buffering cea sed . An addition3l litre of 2N NaCl was run through 

the co l umn to ensure comple te conversion) . The column was then 

converted to the f orma te for~ using_ K~co
3 

solution as descr ibed 
3bove . After the sec ond col umn r un , the column was wo shed with 

2~r for11i c e. cid followed by water and re- used . 

Run 1 : 

The column was washed with W'.3.t.e r until pH 5 w3.s rea ched . 

50 ~ra~ equival ents of pollen (GEP){ 4 ) extra c t w~s pl~ced on t he 
column in 35 cm3 of water . The colu'Tln vr,;:,,s then eluted with 

wo ter 9.nd 80 cm3 fractions coll ected . A drop of chlorofonn vms 
added to ea ch fr a ction and these were stored under re f rigeration 

until required , when they wer e r educed in volume to 4 mls on~ 

Rotavapor R. Seven 80 cm3 fractions were co l l2 cted in all ; 

F1 - F
7

. An addi tiona l 500 c n3 frq ction , fr~ct i on W, was also 

collected . This was reduced in volume to 25 cm3 before being 
applied to chrom3tostrips . The pH of ~11 f r 1ctions were 'Tle3sur ed 

and found to be between pH 4. 5 nnd pH 6 . 5. 

Activity of the fr~ctions was tes ted for using the radish 

cotyl edon bioa ssay . All fra ctions caused growth inhibition . 

Concentrated F1 appeared to contain a l arge quantity of 

disso l ved material - it was very syrupy . The concentrate was 

diluted to appr oximately 50 cm3 with water giving solution A1 . 
Fra ctions F2 - F6 were combined g ivin~ sol ution A2 • Solutions 

A1 a nd A2 were adjusted to pH 2 . 5 with dilute HCl and were both 

extr a cted three t i mes with equal volumes of ethyl a cetate followed 
by three equal vol umes of water- saturQted n- butanol. The pH was 

read justed to pH 7 and the so l utions again extr a cted with ethyl 

acetate followed by water- saturated n- butanol as a bove . Both A1 

(4) The extract obtained f r om 50 grams of poll en . 
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a nd A2 were reduced in vol ume to 25 cm3• These so l ut i ons were 
assa yed f or a ctivi ty i n th e r ad i s h cotyledon b i oass ay ; activity 

was f ound onl y i n solution A1• 

Run 2 : 

50 ~ 8P ex t r a ct was pl3 ced on the col umn in 50 cm3 of wa t er . 

The co l umn wa s then 8l u t ed with w1.ter a nd 120 cm3 of effl uent 

was co l l ec ted ~s one f r a c t i on . This was reduc ed in volu~e to 

50 cm3 a nd a 2 cm3 s ampl e C. E. was t aken for bi on s say . The pH 

of the r emaining 4A c~3 was r educed t o pH 2 . 5 with di l ute HGI 

a nd extr a cted t wic e with equal volumes of ~at er - satura t ed 

n- buta nol. A 2 cm3 sampl e ·B . A. E. of thi s was t a ken f or bioassay . 

Th e pH was r eadjus t ed t o pH 8 . 5 with dilute NaOH ~nd t he ·s ol rition 
extr3c ted t wice with squa l vol umes of wat er- satur a t ed n- but 3.nol ; 

t he r esultinQ s ol ution was designated B. B. Z. Solut i ons of pH 2 . 5 

wer e ad jus ted to approxi ~ately pH 7 befo r e be ing bi oassayed . 
Act i vity was f ound in B. A. E. and B. B. E. while the cotyledons fr om 

fract i on C. E. d i ed . 

Run 3: 
An :.111monium f or ma t e.- fo r mic 8.Cid buffer , pH 11 was prepared , 

bein g 0 . 01 :VI i n fo r m,1 t e ! 5 0 GEP ex t r :ict w<1s redu ced in volume 

t o a pprox i mat el y 10 c ~3 , a nd 40 cm3 of buff er add ed . A whit e 

prec i pi tat e P1 formed wh ich w-3.s f il tered off. A 5 cm3 a liquot 

( F 1 ) of the filt r a te w:1.s t a. ken i mr1ediately 1.fter f i l tration a nd 

neutrali sed . The r emaini ng f i l t r nte (B24 ) was a llowed to sta nd 

a t r oom t emper ature f or 24 hour s . 

The soiid P1 wh en exami ned under a micros co pe ~ppeared t o be 

crystalline , had a me l t i ng point in excess of 230°c , gave a 

r es i du e i n an a sh test , and a ppear ed to be inor ganic i n na ture . 

The r emaining sol i d was tra ns f err ed t o a 10 cm3 v ol umetr i c f l a s k 
a nd water added t o ma ke up the vol ume . Ver y l ittl e i f a ny of 

t he solid P1 a ppea r ed to di s sol ve . However the aqueous s upe r ­

na t a nt wa s as sayed f9r a ctivity . The super nat a n t f r om P1 was _ 

found t o be i nactive , whil e F
1 

a nd B
24 

were compar a bl y a c t i ve , 

t hus e s t ablishing Aq2's stabi lity in t he buff e r used . 

50 GEP extra ct wa ~ r educed in vo l ume ::i.nd made up t o 

50 cm3 with buf fer , pH 11 , the precipita te being f ilter ed off 

a nd d i s car ded . This sol ution was a ppli ed to t he co l umn . Aft er 

a bsorption t he column wa s e luted with for ma te buf f er pH 10. 2 . 
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The first 50 cm3 from the column was collected as a single fraction , 
a nd thereafte r seven lOO·cm3 fra ctions were coll ected . -An add ­

itional 250 cm3 of buffe r was passed throu~h the co+umn. T0e 

column was then eluted with a 0 . 01 M formate buffer, pH 2 . 5 , a nd 

approximately 2 L ( a cid fraction) of this solution passed through 

the col~mn . ~o a ctivity was found in any of these fra ctions ; 

however , some f r ac tions had rema ined in the f ri dge f or several 
weeks before bein~ bioassayed . 

At this sta~e ~dditiona l pollen extra ct had to be prepared . 

A tota l of 1 Kg of poll en was extracted , extrac t c2 . Assays of 

this extra ct indica ted tha t it was not as active as previous 

extra cts, but s till a ppeared t o cont~in activity due to Aq2 . 

Run 4 : 
'I'he anion co lumn was washed v..1i th 0 . 01 M fornic a cid followed 

by water a nd then equilibra ted with buffer, pH 11 . 25 SEP extract 

(C 2) was reduced i~ volume to appr oxinat e ly 10 cm3 a nd m~de up to 

50 <;:m3 with buffer , pH 11. The white precipita te was fi lter ed 
off , the filtr a te being applied t o the column. The co l umn was 

e luted.with 150 cm3 buffer (F1 ) pH 11 foll owed by a 0 . 01 M formate 

buffer , pH 4 and the f ollowing frac tions collected . 

570 cm3 

300 cm3 

500 cm3 

280 cm3 

pH 11 

pH 7 
pH 7 

rapid ly dr opping t o pH 4 

Following the co+le c tion of F 
5

, 1 L 2N formic a cid was u?ed to 

elute the column, a nd this was collected as one fraction , F6 • 

All fractions were t a k~n to dryness on the Ro t avapor Rand 
~nd extr acted wi th methanol ~S) by s haking f or two hours , and this 

extra ct tested in the bioa ssay. The r esults from this assay wer e 

not conclustve - the r e may have been weak activity in F1- F4 ~~d 
F6 , howe ver, these may have been hi gh backgr ound f l uctua tions. The 

residues from F2 - F6 were dissolved in wa ter and combined . 

The combined aqueous sol ution was freeze dried and this was 

extracted with the combined methanol so l ution obtained f rom 

extracting fr ~ctions F2 - F6 , for four hours . This methanolic 

solution was placed in the f r eezer for two hours and then 

(5) Prel iminary studies suggested that Aq2 is soluble in methanol 
and ethanol. 
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r apidly fi l tered . No a c tivity was found in this solution . The 

solid material fro~ F1 and the combined solids f r om F2 - F6 were 

dissolved in water and ass ayed - a possible weak response was 

obtained f r om the combined fr3ctions with little or no response 

from F 1 • 

Run 5 : 
Following run 4 the column was washed with water until the 

pH r eached pH 4 . The column was then equilibr ated with 0 . 01 M 

ammoniu~ formate buffer pH 8 . 5. When the column had renched 

thi s pH , it vras then wa:t,ed \vi th 1 col umn- volume of Welter . 40 

GEP of crude extr act E:5 las nd justed to pH 8. 5 with d i lute 
NaOH . This was .::ipol ied to the colu:nn in 3.pproximately 60 cm3 of 

soluti on . i1 further column- volume of water -:i, t pH 8 . 5 was used 

to wash the column . 120 cn3 of effluent , F1 , was collected . 
The co l umn was then eluted with 3N formic 8.Cid :i.nd approximatel y 

1 L collected , F 2 • 

3 F 
1 

w'.ls r educed to 20 cm • F 
2 

w2.s r educed to dry.ness and 

w~shed sever a l times wi t h Wtter in ln effort to remove formic 
~c id . This fra ction WQS then qdjusted to ~ppr oxim ~t e ly pH 6 a nd 

mlde up t o 20 cm3 before being bio~ssaycd . 

F 
1 

c ·1used the cotyle_dons t o die ( toxic effect?) . F 2 allowed 

gr owth ,(bl l nk l evel only) , but no activity was detectobl e . 

Both fractions were then ~djusted to pH 2 . 1 ~nd extr~cted 

twice with equ:i.l volumes of n- but3,nol and their pH's r eadjusted 

to approxim3tely pH 6 giving fractions F1A and F2A. 

Activity was found in both fr~ctions ; slifhtly more 

ac tivity being found in fraction F1A. 

Run 6 : 
The 3N formic a cid used t o elute the column in run 5 had 

s lightly d i s r upted the resin bed . The column wa s backwashed 

five times t o resettl e the pa cking prior to washing with water . 

The column was then equilibrated to pH 8 . 5 using a 0 . 01 111 

ammonium forma te buffer . 

Fr a ctions F1A, F2A from run 5 and the remaining crude 
extr a ct E

45 
were bulked together t o give 37 ~EP extr act Y. 

7 GEP extrac t Y were removed for bioassaying . The r emaining 

30 GEP extract Y wer e reduced in volume and then dil uted with 

( 6 ) E1L~ : combination of extr ac t s E
4

, 100 GEP and E
5 

200 GEP , 
pr~ pared in April , 1973. 
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0 . 01 ~ formate buffer pH 8 . 5 . Additiona l dilute NH40H had to 

be added to mainta in this pH . This extr act was then appli ed to 

the col umn in 60 cm3 of soluti on . 2 column- volumes of 0 . 01 M 

formate buffer pH 8 . 5 w~re used to wnsh the column ; approxima tely 

200 cm3 being coll2cted , F1 . 

Th e co lumn was then e luted with 3N fo r mic 8Cid , a pproximately 

1 . 21 bein~ collected, F2 • F1 ~nd F2 were both reduced to 15 cm3 

volume and ad justed to pH 2 . They v-1er e then extracted twice with 

equa+ vo lume s of n- butanol, their pH's ~djusted to approxim~tely 

pH 6 , g ivin~ fractions F1E and F2E. These were then bioassayed . 
Fr a ctions F1E and F2E and fraction Y ~11 showed good activity . 

Run 7: 
The column was w3.shed with 1 further 1. 5 L of 3N formic a c id 

followed by 21 of wa t er and then eau ilibr8ted with 0 . 01 M 

a~monium fornate buffer pH 9 . 2 . 36 GSP extract c2 were reduced 

in volume and diluted with form3te buffer pH 9 . 2 . Add itional 
d ilute ~H

4
0H was r equired to m~intqin pH 9 . 2 . 30 GE P of this 

extr act were 2pplied to the column in 60 cm3 of so l ution. The 

colui:nn _was then washed with 2 column- vo l umes of formJte buffer 

pH 9 . 2 , giving frqction F1 . 

The column was then e l uted with 1 . 5N formic ,3cid ; approx­

im'.3.tely 500 cm3 was coll ected , g ivin~ fraction F2• 3N fo r mi c 
was t h en used for el ution a nd 2pproximately one litre colle cted , 

qiving fraction F
3

. 

Fra ctions F1 , F
2

, a nd F
3 

were reduced in volume to 15 cm3 

and their pH ' s reduced to pH 2 . They were then extr a cted twice 

wi th equal vol umes of n- butanol . ~he pH of these soluti9ns w~s 

then ad justed to approximately pH 6 givi ng f r a ctions F1A, F2A, 

and F
3

A. These were t hen bioassayed , a lon~ with a sampl e of 

extra ct , c 2 • 

c2 , F1A and F2A all showed activity. The cotyledons in 
F

3
A d ied (toxic effect?) . F1A showed much greater a ctivity than 

F2A. 

Cellulose Phosphate Cation Exchange Chrom&togra_:ehy 
A gl a ss column 30 cm x 1 . 5 cm was packed with a s lurry of 

Whatman P. 11 cellulose phosphate powder which had been de - fined . 

The pa cked column was conditioned in the fo llowing manner : 
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(1) Washed with 0. 5 N HC \ until effluent pH 1 , then washed with 

a fur t her 3 col umn-vol umes of 0 . 5 N HC I • 

(2) Washed with water unti l pH 4 . 
(3) Washed wi th 0 .5 N 1aOE until the pH reached pH 11, then 

washed with an additi onal 5 column- vo l umes . 

(4) Washed with water until a pproxim~tely pH 9. 
(5) Equilibrated wi th 0 . 2 ~ anmonium acetate buffer , pH 3. 1 , 

until the effluent reached pH 3. 1 . 
(6) Washed with two column- volumes of water . 

Run 1 : 

Aft er the wash i ng procedure outlined a bove , the cellulose 

phosph~te was consider2bly whiter than before wnshing . Appr ox­

i m.1 tely 1.31 of qrnm'Jnium a cet:1te buffer , pH 3 . 1 , was r equired 
to equil i brate the col umn . 25 GEP extr:ict c2 vns reduced in 

volume a nd m3de up to 25 cm3 with buffer , pH 3 . 1 . This was 

pl 3ced_on the column and washed with an ,ctcti t ion3l 100 c~3 of 

buffer , pH 3. 1. The column W'lS then eluted with O. 3 :'-1 ::immonium 
hydroxide nnd the following fractions coll e cted . 

Fl 
F2 

F3 
F4 

130 

40 
160 

220 

cm3 

cm3 

C'TIJ 

c:n3 

from 

after 

0 . 3 M 

0. 3 ''/1. .i 

column - includes effl uent 

c h~mging to 0 . 3 . ' NH40H . 

l\TH
4

0ii 

1\JH OH 
4 

~11 four f r a ctions were ::issqyed for ,ctivity. Ac tivity was 

found in fraction F
3

• 

Run 2 : 

T}:le column ''lfas equilibr1t.ed with O. 2 '1 ;i.nmonium a cetate 

buffer , pH 3. 1 and then washed wi th 3 column-vol umes of wat er . 

40 GEP extract (ethanol t reated extract) wos applied in 20 cm3 

a t pH 3 . 1, qil . HC I being used to lower the pH of the extra ct . 

Dilute HCI , pH 3. 1 , was used to wash the column . Th e pH of 

the effl uent after 1 col umn- volume dropped to pH 2 . A total of 

150 cm3 of effluent was collected a s one fraction . The col umn 

was then eluted wi th 0 . 3 M ammonium hydroxide - a total of 
500 cm3 being coll ected as one f r a ction. Both of these fractions 

were reduced to 20 cm3 in vol ume , f r a ction 1 (effluent) having 

first been adjusted to pH 5.S. Good a ctivity was detected in 

frac t ion 1 indica ting Aq2 had not bound to the col umn . 



Ca tion Exchange Chromatogr aphy 
Run 1: 

A 30 cm x 1 . 9 cm glass colu~n was packed with BIO- RAD 

5 3. 

AG 50-W x 4 100- 200 rnesh H+ form, c .'.:l tion exchange resin after it 

had been de - fined . The column w3s then backwashed five times 

ond then exhaustively washed by eluting with 41 of water . 

100 GEP extract was applied to the column a t pH 6 . 2 and the 
column eluted with water . Two 500 cm3 fr1ctions F1 and F 2 were 

collecte9 . The co l umn was then eluted with 5N a~mon ium hydroxide 
so l ution , two 500 cm3 fractions F

3 
and F

4 
being collected . 

These fractions were reduced to dryness and mqde up to 50 cm3 

volume . The a,nmonium hydroxide fractions were taken to dryness , 
i.-,ashed and t'lken to dryness B·!ain before being 'Tlade up to volume . 

These fractions were ~ssayed for 3Ctivity. A growth inhibitory 
effect was obt ained from fraction F1 while no activity could be 

found in fractions F2 - F
4

• 

The four frqctions were combined 3nd ass1.yed t o test for a 
synergistic effect - no a ctivity w:.s detected . 

Run 2 : 

A second c 1. tion exchange column ( BIO- RAD AG 50-'JIJ x 4 ·100,,..200 
mesh.Ht f or~) w1.s prepared . 50 GEP extr act was applied at pH 6 . 5 

~nd eluted with wq t er , three fr1.ctions being coll ected : F1 200 
cm 3 ; F2 200 cm3 ; F

3 
280 cm3 , The column w::i.s then eluted with 

100 cm3 of 6N ammonium hydroxide . 

Fr-:.ctions F 
1 

- F 
3 

were rGduced to d ryness 9.nd then m:1.de up 

to 25 cm3 and aliauots t3ken for bioassaying . These fractions 
were then diluted to 100 cm 3 and twice extracted with water - , 

satur~ted n- but~nol a t a cidic pH ; F1 a t pH 1 . 5, F2 9.t pH,3 . 5 , . 

F
3 

a t pH J . 6 . Aliquots were removed for bioa ssaying (F
1
A, F

2
A, 

F
3

A) . The pH's were then adjusted to pH 7 using dilute sodium 

hydroxide and each fraction a~ain extr acted twice with equal 

volumes of water- saturated n~butaool; sarnpl es were again 

removed for bioassaying (F1B, F2B, F
3

B) . F1 pr oduced growth 

inhibition while no a ctivity was detected in F2 and F3• F1A 
showed weak activity with no activity in F2A or F

3
A. Good 

a ctivity was obtained in F1B with no response from F2B or F
3
B. 

Run 3 : 
The column was regener ated by washing with 3 L I N HC I . 



Run 3, 

The column was conditioned as previously described. 

40 GEP extract (ethanol treated extract) was applied in 

200 cm3 of distilled water adjusted to pH 3,1 with diluted 

HCl. The column was washed with 200 cm3 of dilute HCl, 

pH 3.1. All the column effluent to this point was collected as 

fraction r1 . The column was then eluted with 0.3 M ammonium 

hydroxide, a total of 500 cm3 being collected as fraction 

Fraction r1 was adjusted to near neutrality with dilute 

NaOH and then reduced to 20 cm3 . Fraction r 2 was reduced to 

almost dryness several times to remove the bulk of the ammonia, 

neutralised with dilute HCl and then made up to 20 cm3 . 

10 cm3 of fractions r 1 and r
2 

were combined and this 

solution then reduced to 10 cm3 , giving fraction Com. One and two 

GEP of fractions r 1 , r 2 and Com were bioassayed and Rf zones 

1, 2 and 3 examined. No conclusive results were obtained. 
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followed by water until the pH rose to pH 5 . 50 ~EP extract 
(ethanol treated extract) was diluted to 11 and applied to the 

column at pH 2 (dilute HC / being used for acidifica tion) and 

washed with w~ter at pH 2 . The column W3S then etuted wi th 5N 
ammon ium hydroxide . Two fra ctions were collected , the effluent 

( F 1 ) 1. 51 and the ammon itL'Tl hydroxide eluate ( F 2 ) l. 41 • These 

fr ~ctions were reduced in volume and made up to 25 cm3• 10 cm3 

of each w~re combined and this was reduced in volume and made up 
to 10 cm3 , FC . Saillples of each . fraction were bioa ssayed . 

Activity was found in F1 and FC, with no -:1 ctivity detectable in 

F 2 · 

Freeze Drying 

This appeared to have lit t l e effect on the ~ctivity of the 
crude extr,s.ct and has proved c1 1:1seful method for estimating the 

extent of purifica tion obta ined , on a wei~ht for wei~ht comparison . 

Purifica tion of CrudG Extr a ct by Alcohol Trea t Tient 

The crude extr;:i.ct c2 Has f o und to be sup j)ortin~ ba cterial or 
fun~al growth in the form of a white film lyin~ over the surfR cc . 

This wa s filtered using gl a ss wool followed by 3 sintered glass 

funnel - the ensuing extra ct w1 s crystal clear . Absolute 1.lcohol 

W 8 s ·tdd ed :is 1. presorva ti ve 3.nd the extr3.ct stored a t 4 °c for two 

clays . At the end of this y::eriod a small amount of crysta lline 

ma terial had formed which was filtered off . It thus ap~ a red 

feasible to try and freeze out some of the soluble. s ug0rs . 200 

GEP extract was taken and reduced to ~ thick syrup, a pproximntely 
10 cm3 in volume . This was made up to 30 cm3 with water a nd 

70 cm3 of absolute alcohol were added - a thick syrupy mass formed 

below an alcohol layer . Addition of 20 cm3 of water with vigorous 

stirring produced a white precipitate . The mixture was placed in 

the freezer oyernight and the precipitate filtered off the 

following day , approxima tely 1 g of material being obtained . 

The so l ution was ~gain reduced in volume to 30 cm3 and absolute 

a l cohol added with stirring - a white precipit3te formed after 

add ing approximately 30 cm3 (50% solution) and precipitati on 

continued until approximately 70 9m3 (70% solution) had been 
added . When stirring was stopped , this a pparent white precipitate 

formed a brown syrup as~ second phase . The mixture was pl a ced 
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in the freez er for l ½ hours a nd the upper l ayer decanted off . 
The lower syrupy l ayer was extracted with 50 cm3 of 7C/fo ethanol. 

This was pl a ced in the freezer for l½ hours and the superna t ant 
decanted off . Additiona l a lcohol was added to the supernatant 

until precipita tion appeared to s t op ; this mixture was then 

pl'.lced in the freeze r overnight . The fo llowing day the super-:­

natant was decanted off and the ~lcohol supern~tants combined, 

the a lcohol r .~oved und e r vacua and t h e r es i due redissol ved 
in water . 

A sample of this extract nnd a sampl e of the crude extract 
wer e freeze dried and the solids content of each determined . 

c2 contained 112 mg/GEP extr act while the ethanol treated extra ct 

(obta ined above) contained 49 mg/SEP extract . The ethanol 
precipitation thus reduced the sol i ds content by 56% . Bioassays 

of both extracts showed comparabl e activity. 

Preliminary Investigation of a GLC Method of Analy sis of 

Gibberellins 

The method 2nd conditions outlined by C1rvell et ~1. (1967) 
were used ~s a ~enera l guide . (Chrom~tography was carried out on 

a Varian 1740 series GLC) . ~ five foot i" diam. stainless steel 

column ·.13.s p0cked wi th 2% SE33 (GP90 silicone gum rubbe:r . ANALABS, 
Connecticut) , on chrom.::i.sorb W, .:1 cid washec;l DCMS tre'lted , 80 mesh . 

Gibberellic a cid (Koch Light Laboratories , Puriss) was me thylnted 

using ethere;il solutions of diazome thane . ,\fter one minute , 

excess diazometh.::i.n= was r emoved qnd the s~mple reduced t o dryness . 

This was t aken up in .:1 small amount of r edistill ed methanol and 

injected onto the SE33 c olumn (70 cm3/min . N2 carrier gas , column 

212°c) . Two ma jor overl apping peaks were obtained . 

By repa cking the SE33 column with fresh support and liquid 

phase (prepared at the same time as the original p~cking) and 
rechromatographing the same sampl e of methyl ester , a singl e 
peak was obta ined . 

The trimethyl silyl et hers of the methyl ester GAJ was 
pr epared using TRI-SIL (Ieirce Chemi cal Co . ) at r oom temperature 
for one hour . GLC chromatogr ~phy (Varian 1740) of this sol ution 

yielded one ma jor peak a nd two very minor peaks . This sample 



wa. s 3. l so examined by combined GLC-MS . . 3 
3% SE30 column , 40 cm helium carrier 

56 . 

Th~ GLC tra ce (Pye 104 , 
ga s , i s other mal a t 225°C) 

indic :1ted the pre s ence of t wo re a ks ; the mi nor peak having th~ 

sh orter retention time . ;·1a s s spectra ( l'1EJ MS 30 , 70 ev sourc e , 
4kV a cceler a ting voltage , r eso l uti on 1000 , s ca n rat e 10 s e c / 

de cad e) were taken fr om the l ead i ng and t r a iling zones of t he 

ninor peak and a t t he l ead i ng , mi dd l e and t r :1iling zone s of t he 
;na j or peak . 
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Detail ed Results of Bioa ssays and Histogr am s 



Sampl e 

Fl 

F2 

F3 

F 4 

F5 

F6 

F7 

Bl:mk 

10 pp'Yt 

58. 

ANI ON EXCHANGE COLUMN RUN 1 

Rf zone Replicate 

2 

3 
2 

3 
2 

3 
2 

3 
2 

3 
2 

3 
2 

3 

Kinetin 

Key to t able of bioass~y results 

N. G. No growth , or death of cotyledons . 

(x) Weight averaged for 10 cotyledons 
from x cotyledons . 

A 

N. G. 
N. G. 

94 
102 
111 

109 
92 
86 

100 

104 
96 

97 
92 

98 
170 

255 



Sample 

Al 

A2 

Bl ank 

Sample 

Column Effluent 
B. A. E. 

B. B. E. 

Extract E2 

E Direct(l) 
2 

( 1) Extract E2 

ANION EXCHAN,'";E COLUMN RUN 1 
SOLVENT EXTRACTION OF EFFLUENT 

Rf zone Replicates 

A B C 

2 233 (9) 187 166 

3 165 129 112 

2 103 118 86 

3 161 123 110 

141+ 100 92 ( 9) 

Ai\J ION COLlJ1N RUN 2 
SOLVENT EXTRACTION OF EFFLUENT 

Rf zone Replicates 
A B 

N. G. N. G. 
2 156(9 ) N.G. 
3 198 N. G. 
2 184(9) 0.192 

3 N. G. N.G . 
2 146 254 

3 N. G. N.G. 
-

2 N.G. 100 

3 N. G. N.G. 

59. 

X 

195 
136 
103 
131 
112 

x 

N.G. 

156 
198 

188 

201 

N.G. 
100 
N. G. 

applied direct to bioassay: not chromogra phed 
Whatman 3 NIM 

on 



60 . 

ANION EXCHANGE COLUMN RUN 2 
3'1'1\BILITY OF A9.2 IN BASE 

Sampl e Rf zone Replicates 

A B C x 

P1 2 170 146 110 142 
Filtrate 2 253 244( 7) 130(4 ) 209 

3 1\1 . G. 1\1 .r;. rJ . c-; • N. G. 
2 GEP Filtrate 2 [IT . G. N. G. N. G, N. G. 

B24 2 335(7) N. G. 179(7) 257 
3 254(4) l\J . G. 240(4 ) 247 
4 168 121 155 148 

5 198 140 113 150 
6 170 127 98 132 

10 ppm Kinetin 219 169 150 189 
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ANION EXCHANGE COLUMN RUN J 
QH 10 . 2 

Sampl e Rf zone Repl i cates 

A B C x 

Adsor bate 2 134(9) 85 94(8) 105 

3 J\J . G . N. G. N. G. N. G. 

Fl 2 175 f,J . G. 74(7) 125 

3 93(9) 91(9) 72(9) 85 

F2 2 158 117 110 129 

3 174 105 112 130 

4 192 118 106 139 
-::;, 
1 3 2 168 125 160 131 

3 158 124 135 139 

F4 2 188 117 "LG . 150 

3 161 113 !\J . G. 137 

F5 2 187 116 42 (8) 132 

3 194 126 110 143 

F6 2 153 114 121 (9) 129 

3 186 113 120 139 
F,.., 

I 
2 215 124 97 144 

3 202 125 99 142 
10 ppm Kinetin 230 192 168 197 
Bl a nk 162 115 116(9) 131 
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Al'IJION EXCH:~NGE COL U111N RUN 4 
oH 11 

~"3ampl e Rf zone Replicates 
A B C x 

Fl 2 181 142(8) 128 150 
3 166 131(7) 108(9) 135 

F2 2 158 106 117 127 
3 143 128 133 135 

F3 2 156 137(9) 131 142 
3 161 130 137C9) 143 

F4 2 155 125 122 134 
3 164 137(9) 119 140 

F 
5 2 152 126 109(9) 129 

3 157 133 110 133 
A 2 144 138 104 129 
A 3 175 151 136 154 

10 ppm Kinetin Direct 232 203 176 204 
10 ppm Kinetin (New) Direct 235 221 146 209 
Blank 133 150 101 
Blank 134 136 118 129 
2 GEP corn . l 147(S) 153 108 ( 9) 136 

2 150 134 (-g) lOl(b) 128 
3 151 117 102 123 

2 °,EP F. l 1 149 122 104 125 
2 151 130 (6) 92 ( 7) 119 
3 111 135 (9) 89(3) 112 



Sample 

Fl 

F2 

E4 5. 

F1A 

F A 2 

10 ppm Kinetin 
Blank 

BL,.nk 

ANI ON EXCH .\NGE COLUMN RUN 5 

.£!1~2 

Rf zone ReplicG.tes 

A B C 

2 152(8) 102 (8) N. G. 
3 N. G. N. G. N. G. 
2 184 136 L L8 

3 181 160(9) 123 
2 275 (9) 323(8) 232(0 ) 
3 219(5) 220(8) 144(0) 
2 347(8) 290 (9) 226(8) 
3 196(5) N. G. 149(b) 
2 285 236 220 
3 181 168 147 

239 179(9) 163 (9) 
160 125 119 

184 125 117 

63 . 

x 

N.G . 

146 
155 
277 
194 
28$ 

172 

247 
165 
194 

138 



ANION EXCHANGE COLU~TN RUN 6 

.-,::i.mple Rf zonG Re plicates 

A B C x 

Combined Crude 2 279 (6) 326 175 260 

3 157(6) 206(3) 127(1) 163 
Ti' E 
~ l 2 238 (3) 289(7) 206 244 

3 277(1 ) 192(T) N. G. N . G . 

H' E , 2 _, 2 246 239 (9) 139 208 

3 208 196 143 182 
Ki!"letin Direct 268 187 137 197 
Bl a nk 132 155 100 

164 137 191 147 



ANION EXCHANGE COLUr-iIN RUN 7 

Sampl e Rf zone Replicates 
A B C X 

Extract c2 2 184 145 161 163 
3 194 174 146(9) 171 

F A 1 2 199 181+ (9) 171 185 
3 216 177 (8) 171(9) 188 

F2A 2 167 133 142 147 
3 181 151(9) 154 162 

FJA 2 M. G. ~J . G. N. G. N.G. 
3 N. G. N. G. N. G. N. G. 

Kinetin 232 207(9) 192( 8) 210 
Blank 136 131 126 131 
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CELLULOSE PHOSPHATE COLUMN RUN 1 

:3ample Rf zone Replicntes 

A B C x 
Fl 2 1s3 (o) 128 (3) 76 (3) 129 

3 N. G. N. G. T\J . G . M. G. 

F2 2 167 149 84 133 
3 174 169 109 151 

F3 2 191 191 93 159 
3 159 136 108 134 

F4 2 152 142 87 127 

3 154 132 99 128 
10 ppm Kinetin Direct 277 239 154 223 
Bl ank 153 135 82 124 



CELLULOSE PHOSPHATE COLUMN RUN 2 

Sample Rf zone Replica tes 
A B C x 

1 GE P F l 1 154 11+6 121 (8) 140 
2 171 (8) 155 12 7(7) 151 

3 148 ("5') 117(5) 110(8) 129 
2 GEP F1 2 162 (9) 159(9) 143 (7) 155 

3 145(4) 136 (3) 1\J . G. 141 
1 GEP F,, 

,:_., 
1 134 96 85 (9) 105 
2 151 129 97 126 

3 16 5 131 107 134 
1 ";EP FJ 1 144 129 87 120 

2 130 132 101 121 

3 131 128 114 124 
1 GE:P F 

4 
1 125 (9) 122 70 106 
2 158 lL;.2 93 131 

3 152 148 100 133 
10 ppm Kinet i n 221 217 155 198 
Bl ank 115 115 105 112 
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CELLULOSE PHOSPH/l.TE COLUMN RUN 3 

sample Rf zone Replicates 
A B C x 

1 GEP C ')ITT . 1 157 121 114 131 
2 201 150(8) 122(9) 158 
3 168 138 128 (9) 145 

1 GEP Fi 1 128 137 114 126 
2 173 140(8) 111(9) 141 
3 170 144 107 140 

1 GEP F 2 1 134 125 87 115 
2 151 124 102 126 
3 149 146 95 130 

2 GEP Com . 1 179 145 112 146 
2 160 164 116 169 
3 126 163(4) 93 (I) 156 

2 GEP F l 1 163 140 162 135 
2 169 14 7(8) 93 (8) 138 
3 173 (8) 119(5 ) 102(0) 131 

2 GEP F 2 1 147 122 96 119 
2 134 132 90 119 
3 145 145 94 128 

10 ppm Kinetin 183 205 144 178 
Blank 140 137 85 120 
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CATION EXCHt\NGE COLUMN RUN 1 

Sample Rf zone Replicates 
A B C X 

Fl 2 !IJ , G. I\J . G. N. S. ilJ.G . 

3 N. ~ . llJ . G. N. G. N. ~ . 

F2 2 183 147 138 156 

3 173 156 130 153 

F 1 
/ 

2 167 149 153 157 
3 184 155 148 162 

F 4 
2 178 137 132 149 

3 1~5 152 137 15$ 

10 ppm Kinetin 267 201 272 213 
10 ppm Kinet i n Direct 272 240 214 242 
Blank 175 151 132 
Blank 185 152 142 156 
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CAT I ON EXCHANG E COLUMN RUN 2 

Sampl e Rf zone Replic 1. tes 
A B C X 

Fl 2 123 N. G. N. G. 
F2 2 121 141 100 151 
F 

3 2 159 134 96 130 
F A 1 2 178 152 113 14$ 
F2A 2 170 146 95 137 
F

3
A 2 165 156 107 142 

F1B 2 244 185 115 1$1 
F B 2 2 175 130 94 133 
F B 

3 2 173 138 93 135 
10 ppm Kinetin Direct 283 195 171 217 
Bl1.nk 170 104 107 
Blank 168 126 109 131 
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CATI ON EXCH:, NGE COLUl\'lN RUN 3 

S::impl e Rf zone Replica tes 
A B C X 

1 GEP F l 2 221 192(9) 214 209 
3 165 184(8) 169(3) 173 

2 'iEP F1 2 253 (b) 225(2) N. G. 239 
3 N. G. N. G. N. G. N. G. 

1 GEP F 2 2 128 121 110 119 

3 151 113 122 129 
2 GF.P F2 2 163 119(9) 97 127 

3 161 128 102 130 
1 r;sp Com. 2 239(8) 249(9) 161(9) 216 

3 202 239(8) 173 (b) 205 
2 r;~p Com . 2 269(5) 223 (I) 192(4) 228 

3 1$5 (5 ) 225 (I) 164(2) 191 
10 ppm Kinetin 228 202 192 (9) 207 
Blank 149 123 75 116 



en 
E 

260 
Cl) 
z 
0 
C 
w 
..J 
> .... 
0 

220 

(.) 

LL. 
0 
.... 180 :c 
c., 
w 
;: 
:c 
Cl) 
w 140 a: 
LL. 

z 
<2: 
w 
:E 100 

en 
E 

260 
Cl) 
z 
0 
C 
w 
..J 
> 220 .... 
0 
(.) 

LL. 
0 
t- 180 :c 
c., 
w 
;: 
:c 
Cl) 
w 140 
a: 
LL. 

z 
<2: 
w 
:E 

Al 
2 3 

BAE 
2 3 

ANION EXCHANGE COLUMN RUN 1 
Solvent Extraction of Effluent 

A2 
2 3 

SAMPLE 

ANION EXCHANGE COLUMN RUN 2 
Solvent Extraction of Effluent 

B BE 
2 3 2 

SAMPLE 

K 
3 



ANION EXCHANGE COLUMN RUN 5 

'" 
pH 8.5 

E 
260 

"' z 
0 
0 
w .., 
> 220 ... 
0 u 
u.. 
0 ... 

160 J: 
<., 

i.i 
s: 
J: 

"' w 140 a:: 
u.. 
z 
< w 
:!: 

100 

FI F2 K F1A F2A E45 
2 3 2 3 2 3 2 3 2 3 

SAMPLE 

ANION EXCHANGE COLUMN RUN 6 
0, pH 8.5 0.01 Formate Bulfer 
E 

260 

"' z 
0 
0 
w .., 
> 220 ... 
0 
u 
u.. 
0 ... 
J: 180 
!:! 
w 
s: 
J: 

"' w 140 a:: 
u.. 
z 
< w 
:!: 

100 
combined IA 2A K extract 

1 3 2 3 2 3 
SAMPLE 



ANION EXCHANGE COLUMN RUN 7 
pH 9.2 0.01 Formate Buffer 

"' E 

"' 260 z 
0 
0 
w 
..J 
> 
I- 2 20 0 
u 
u.. 
0 
I-
J: 
S:2 180 
w 
;:: 
J: 

"' w 
a: 140 u.. 
z 
<l'. 
w 
:;: 

100 

C2 F 1A F
2

A K 
2 3 2 3 2 3 

SAMPLE 

ACTIVITY OF CRUDE & TREATED EXTRACTS 

"' 1 282 
E • 264 -Cl) 

z 
0 
0 
w 
..J 

2 20 > 
I-
0 
u 
u.. 
0 
I- 180 J: 
S:2 
w 
;:: 
J: 

"' 140 w 
a: 
u.. 
z 
<l'. 
w 
:;: 100 

E-45 E2 C2 F. D E.T.E 
2 3 2 3 2 3 2 3 Direct 

SAMPLE 



CATION EXCHANGE COLUMN RUN 2 
pH 6.5 

e 
260 

"' z 
8 
w ... 
> ... 220 
0 
(J ... 
0 ... 

180 r 
Cl w 
" r 
"' w 1,0 
ff: 
z 
<t 
w 
::E 

100 

2 IA 2A JA I B 2B J B K 

SAMPLE 

CATION EXCHANGE COLUMN RUN 3 
pH 2 

e 
160 

"' z 
§ ... 
> ... 
0 

220 

(.J ... 
0 ... 

180 r 
Cl 
w 
" r 
"' w 140 
ff: 
z 
<t w 
::E 

100 
2 7 8 9 10 II 12 K 

SAMPLE 
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