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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 



egg 

n 

LIFE CYCLE OF PINUS 

------------------ 9 gametophyte 
n 

(endosperm with archegonial 

----------------~ 
-- .1" ,_ sperm O gametophyte 

n (contents n 
of pollen tube) 

fertilised egg 

2n 

PINE PLANT pollen cones 

2n 

ovulate cones 

2n 

Figure 1 

microspore megaspore 
(pollenl n (in ovule ) n 

Meiosis 



ENLARGED DRAWINGS OF A MICROSPOROPHYLL SEEN FROM THE LOWER SIDE, 

SHOWING THE POLLEN SACS, AND A MATURE POLLEN GRAIN 

Figure 2 

Generative cell 



6 . 

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 . 


