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E. J. SEIELLARD AND GEORGINA El’. JOLLIFFE 
Plravmacognosy Research Laboratories, Department of Pharmacy, Chelsea College of Sciewe and 
Technology, Udversity of London, Manresa Road, London, S. W.3 (Great Bvdtain) 

(Received .4ugust sth, 1968) 

SUMMARY 

The free amino acid content of aqueous extracts (preserved in 50 y0 glycerol) 
of eleven grass pollens (Festz~a ;bratensis Huds., Lolz’zbnz fierenne L., Poa trivialis L., 
DactyLis glomerata L., Cynoswrus cristatus L., Anthoxantkum odoratzcm L., Arrhena- 
therwn elatius (L.) J. & C. Presl, MoLctis lafzatus I;., Agrostis ten&s Sibth., Phlezbm 
firatelzse L., AZo$eczwz~s $ratensis L.) has been investigated using a thin-layer chro- 
matographic technique. cc-Alanine, y-amino-n-butyric acid, glycine, DL-leucine, 
L-lysine, L-proline and Dr.-serine were identified. No species differences’were detected 
and there *.vas no difference between the viable and non-viable pollen extracts 
examined. 

INTRODUCTION 

All the common amino acids have been reported in pollen either bound to the 
protein or free 1. While there are. numerous references to the amino acid content of 
dicotyledonousl-6, gymnospermou# and monocotyledonous7-l0 pollens there ‘are few 
specific references to grass pollens. 

AUGUSTIN~~ examined the aniino acid pattern of whole extracts of Phleum 
;bratertse L. and DactyZis glomerata L. pollens and ultra-filtrates (using collodion 
membranes) ; both were reported to give identical amino acid patterns but it is 
difficult to interpret the chromatograms presented. The eluted base ‘line fraction 
(allergenically active) on hydrolysis yielded cystine, lysine or arginine, histidine, 
aspartic acid, glycine or serine, threonine or glutamic acid, alanine, proline, tyrosine, 
valine, methionine, tryptophan, phenylalanine and the leucine group. 

Four grass pollens (Festuca rzdva L. subsp. comjnzctata Gaud., Dactyh glomerata 
I;., LO&L&Z $weizne L. and Pldezcbz $ratense L.) assayed microbiologic’ally for their 
free or bound amino acid2 showed wide variation12, the free amino acids identified 
being proline; alanine, glycine, serine and valine. However, SYNGIF reports that it is 

* This work forms part of a thesis submitted by G. 1-I. J. for a Ph.D. degree of the Uriiversity 
of London, May, 1967. 
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unwise to use a microbiological assay with unhydrolysed plant extracts since the 
bound amino acids can influence the behaviour of the micro-organism used. 

EXPEXIMBNTAL 

E. J. SHIZLLARD, G. H. JOLLIFFE 

Pollens from the following tribes of the family Granzineae were investigated: 
Festuceae : Festwa @atensis Huds. (Meadow fescue) 

Loliunz $eyeme L. (Perennial rye-grass) 
Poa trivialis L. (Rough meadow-grass) 
Dactytis glomerata L. (Cocl~sfoot) 
C~?ZOSZGYZ~U &status L. (Crested dog’s_tail) 

A veneae : Arrhenatheramz elatiacs (L.) (Tall or false oat grass) 
J. & C. Presl 

Holcus lanatm L. (Y orlishire fog) 
~4~atho~a~ztlzzcm odoratzm L. (Sweet vernal-grass) 

Agrostideae: Agrostis tenuis Sibth. (Common bent or brown top) 
Plzleum @atense L. (Timothy) 
Alo~ecurws $mtensis, I.. (Meadow or common fox-tail) 

The maturing culms were collected and, as soon as ,possible, the cut ends were 
placed in long metal troughs containing water. The troughs had sloping sides to 
allow the flowering heads to hang beyond the edge of the trough and drop their pollen 
on strips of black, glazed paper. The pollens were shed about 8.30-9.30 a.m. with the 
esception of H. Zanatus, which shed its pollen about 4 p,m. 

Extraction $rocedure 
The pollen sample (2.0 g) was extracted with successive quantities of petroleum 

ether (Go/So) until the solvent was colourless, filtered, the residue extracted with 50 “/b 
glycerol (25 ml) by shaking, at room temperature, on a mechanical shaker for 4 h 
and filtered. 

Viable ;boZZelz. The pollens were extracted within 2 hl* of being shed from the 
rips anthers. 

Non-viabZe so&en. The pollens were stored (two-four days) at room temperature 
over silica gel and extracted when no tube growth was observed in the germination 
txstf”. 

Thin-Layer chromatogma~lzy 
Essential details are given in Table I. 

RESULTS AND DIkCUSSION 

The difficulties encountered in the resolution of ,amino acids in pollen extracts 
preserved in 50 yO glycerol and methods for the identification of amin,o acids in the 
presence of glycerol based on the patterns obtained by plotting ~?RF values as a 
function of the pH of the layer or as a function of the sequence of the solvent system 
u,sed have been reported 1os17. The latter method has been used in 
of the free amino acids present ingrass pollen extracts. ~RF values 

J. .Chvomatog., 3s (IgGS) 257-a% 

the identification 
of the ninhydrin- 
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TABLE I 

SUMMARY OF EXPERIMENTAL PROCEDURE FOR THIN-LAYER CHROMATOGRAPHY 

Adsorbent : 

s01vcnt systems : 

Silica Gel G (Merck), 250 p, air dried overnight. 

(I) g6 % Ethanol-water (70 : 30, v/v). 
(II) Phenol-water (75 : 25, w/w * , 20 nq NaCN adclecl per IOO g mixture). 
(III) n-Butanol-glacial acetic acid-water (80 : 20 : 10, v/v), 
(IV) g6 % Ethanol-water-diethylamine (70 : eg : I, v/v). 

RI&hod : 

Load : 

Ascending, in saturated chamber; 20-22”; 15 cm. 

Pollen extracts (preserved in 50 y0 glycerol), 2 1.41. Reference amino acids, 
2 CLI (I y. solutions of the reference compounds dissolved in 50 y0 glycerol). 

Detection : The plates were dried at IIOO for IO min and sprayed with modified nin- 
hydrin reagenl?. After spraying. the plates were further heated to give 
optimum colour development of the amino acid spots. The position of the 
glycerol was readily distinguished as a whitish zone on a pinkish-buff baclc- 
ground on prolonged heating of the sprayed plate at 110’. 

reacting components resolved in solvent systems I-IV are given in Table II and 
specimen chrornatograms are illustrated in Fig. I. 

Examination of the chromatograms shown in Fig. I shows that there are seven 
ninhydrin-reacting spots resolved in solvent systems I and IV while six are apparently 
resolved in solvent systems II and III. However, the pink spot with an hRp value of 
23 and 22 in solvent systems II and III respectively, in some instances showed a 
decided “waist” and these spots were subsequently each resolved into two. Since the 
free amino acids were similar in all the species examined, both in the viable and non- 
viable samples, the extracts from DnctJJis glomerata L. and Phlezbnz jwatense I,.. 
pollens were selected for further investigation in order to identify the amino acids 
present. 

Using the mean lzRp values (shown in Table II) obtained in the four solvent 
systems the patterns for the unknown amino acids were built up (Fig. 2). ‘After 
plotting the /zRn values against the solvent system sequence there was no difficulty 
in joining up the appropriate points for the orange, yellow and pinkish-purple spots. 
The diagrams so obtained tiere then traced on tracing paper, using the same scale as 
for the known amino acids (patterns for 24 amino acids previously publishedl’) and 
then fitted into these patterns. The orange spot corresponded with the shape for 
glycine, the yellow spot with L-proline and the slow ,moving pinkish-purple spot with 
L-lysine monohydrochloride (Fig. 3). Some. difficulty, however, was experienced in 
joining up the points obtained for the four pink coloured spots. By plotting these 
points on tracing paper and superimposing on the patterns obtained for the known 
amino acids17 the following was deduced: 

cc-Alanine corresponded with points (2) or (3), (2) or (3), (I) or (2) and (2) or (3) 
in solvent systems I, II, III and IV, respectively. 

y-Amino-?z-butyric acid corresponded with points (I), (2) or (3), (2) or (3) and (I) 

in solvent systems I, II, III and IV, respectively. 
DL-%rille corresponded with points (2) or (3), (I), (I) or (2) and (2) or (3) in 

solvent systems I, II, III and IV, respectively. 
; . . 

J. C?wonzatog., 38 (1965) 257-266 



a60 E. J. SHELLARD, G. H. JOLLIFFE 

TABLE II 

MEAN JLRF VALTJTZ OF THE NINHYDRIN-REACTING COMPONENTS RESOLVED IN AQUEOUS EXTRACTS 

OF SOME GRASS POLLENS PRESERVED IN 50% GLYCEROL 

V = Extract from viable pollen ; N = extract from non-viable pollen. 

Pollen extract A!!eaW JiRp values in solvent systqm I 

Yellowl, Orhtzgeb PinkisJt- Pitikb-is order of increasing 
pur#Zeb JcRp value 

I 2 3 4- 

AntJtoxantJtam odoratuna L. V 30 37 3 25 41 48 53 
N 27 34 

3” 
25 40 46 52 

Poa trivialis L. V 29 35 27 40 45 50 
N 30 34 2 26 41 45 49 

DactyCis glomerata L. V 30 35 2 26 39 46 
N 29 35 3 26 39 44 54: 

Loliunz perenne L. V 29 34 3 25 40 47 5”- 
N 28 35 3 25 4 1 45 50 

AZopecrrrus patensis L. V 30 36 2 29 40 44 51 
N 3= 34 3 29 42 50 

Festuca pvatensis Ilucls. V 31 37 2 29 43 4”: 51 
N 30 39 2 28 40 45 54 

Cynos~rus cvistatus L, V =9 36 2 29 42 so 

N 30 36 2 28 39 t:: 49 
An*J~enatJ~evunz elatius V 32 34 3 28 40 47 49 

(L.) J. & C. Presl N 30 35 2 27 42 44 52 
Hobcus danatus L. V 31 37 2 28 43 43 

N 30 2 29 42 43 ,“: 

Rgrostis ten&s Sibth. V 32 ;s 2 29 42 43 so 
N 32 35 2 29 43 44 51 

Phleum pratense L. V 37 34 2 27 42 45 54 
N 35 36 2 29 42 45 52 

Mean h.Rp values 31 36 2 27 4* 45 51 

Pollen extract Meana J~RF values in solvent system II 

Yellowb Orangeb Pinkish- Pinkb-in order of increasiqg 
pur$Zeb hRp value 

- 
I 8 3 4 

A~atkoxanti~um odoratum I.. V 4 2 21 7 16 25 27 52 
N 2 

:0 
21 16 25 5= 

Poa trivialis I.. V 20 7' 16 24 :: 5= 
N 

44: 

21 

s7 

16 25 26 52 
Dactylis glomerata I.. V PI I5 25 26 50 

N 42 20 8 16 26 26 51 
LoZiwn perenne L. V 42 20 I5 24 26 

N 42 20 ; I5 25 26 
Alopecurus pratensis L. 

,“; 

,V 44 2I 7 I5 24 26 54 N 
42 

21 

7' 
15 25 25 

Festatca pvatensis I-Iuds. 
54 

V 43 2I 16 25 25 53 
N 20 16 Cynosaths chstatars L. V 42 42 20 z I7 25 25 25 25 53 52 

Arrhenatherarnz elatiars VN f: 20 20 8 

53 

(L.) J. & C. ‘Presl 
Holcais Zanatus L. 

Agrostis tenuis Sibth. 

Pkleum pratense L, 

Mean JLRF values 

‘, 

N 42 20 7' 
15 =7 26 24 2c 25 
16 24 25 s5: 

V 40 20 16 25 26 51 
N 

V 40 42 

21 

; 7 
16 

20 16 25 25 
N 

27 27 50 52 
ad 16 42 25 

V 
27 53 

43 20 87 =5 25 “-7 54 
N 43 .20 8 =5 26 27 52 

42 20 7 16 25 26 52 

(contilzued on p, 261) 
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TABLE II (continued) 

Polten extract Mea@ hRp values in solvent system ITI 

Yellow” Orangeb Pinkish- Pinkb-in order of increasing 
fiurpleb h RF value 

_- 
I 2 3 4 

Antkoxantlrum odoratum L. V 12 17 3 18 20 
N 

a4 40 
=3 =7 3 19 2 2 

Poa trivialis L. V 
“-3 40 

13 17 3 I9 az 
N 

24 41 
13 18 4 19 23 

Dactylis glomerata L. V 
“-4 40 

14 18 4 19 22 
N 

24 42 
=4 17 3 

LoNUn perenne L. V 
18 22 ‘14 40 

I3 18 3 18 2I 
N 

“5 42 
I3 18 3 18 PI 

A lopecurus pratensis L. V 
a4 42 

12 17 3 18 o,I 
N 

a3 42 
I3 19 3 18 31 24 

Festuca $ratensis Huds. V 
41 

=4 19 I9 21 “4 42 
14 18 

VN 
:: I9 21 

Cynosurus c&status L. 

e. -4 4= 
14 19 4 I9 22 

N 
“-4 41 

I3 19 4 19 ?I 0, 40 
A rrlrenatherum eEatius V I2 17 4 18 '). 22 

(L.) J. & C. Presl N 
1:: 4-a 

I3 18 4 18 22 “5 
Holcus Zanatus L. v 

42 
I3 18 4 17 22 “-5 41 
=3 18 18 

VN 
4 21 

Agrostis ten&s Sibth. 23 :x 12 I8 4 18 21 
N 

24 
I3 =7 4 17 21 0. 

PJrleum pratense L. V 
-4 41 

I3 x8 18 21 

N 14 
a4 40 

18 : 18 31 a4 40 

Mean ~RF values 13 18 4 IS 21 a4 41 

Pollen extract Mean& hRp values in solvent system IV 

Yellowb Orangeb Pinkisir- Pin/+-in order of increasing 
purfileb JtRp value 

I 2 3 4 

Antkoxanthum odoratum I.. V “-5 30 G a3 33 42 68 
N a5 30 24 28 42 

Poa trivialis L. V a4 30 ; “-4 41 ;; 

23 30 
VN 

23 ;: 42 68 
Dactylis glomerata L. 25 77 “-4 40 43 68 

N 25 2 6 24 44 68 
Lolium perenne L. V a4 32 24 ;: 44 68 

N 24 32 ; 23 38 44 69 
A Zopecurus pratensis L. V “-4 31 7 24 39 44 69 

24 24 69 
VN 

39 43 
Festuca ppratensis. Huds. 23 ;: 5 24 39 44 68 

N 24 31 6 a3 39 43 70 
Cynosurus &status L. V 24 30 7 23 

N 
43 

“-4 7 a4 3: 43 z: 
ArrJre~natJterunt elatius V 25 ;: “-3 43 68 

(L.) J. & C. Presl N 24 31 j: 22 ;: 42 69 
Holcus Zanatus L. V 25 30 6 “-3 33 42 69 

N 25 30 6 “-3 33 4= 69 
Agrostis ten&s’ Sibth. V 23 7 22 33 4= 68 

N 23 ;: 22 33 41 68 
Phleum firatense L. V 24 32 T- 21 

N $ 
42 

24 31 7 22 44 ;: 

Mean J&RF VEL~UC+S “-4 31 7 2’3 39 43 61) 

a These figures represent the m&n of four replicates with the exception of Dactylis glomerata 
II,.: (viablk and xion-Gable) and PJrZeum pratense L. (viab!e and non-viable) +x~cts on which 
twenty-five rcplidates were performed. 

b Colour of spot after heating. 
” / 

., ‘, “, ( 
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I?&. I. Tracings of chromatograms of pollen extracts (preserved in 50 y0 glycerol). Layer: silica gel, 
air dried. Distance: 15 cm. (- - - -) Glycerol; (- ) amino acid. The colours obtained on heating 
the plate,. after spraying with ninhydrin reagcntla are the following: o = orange; p = pink; 
PP = pinkish-purple ; w = white (glycerol) ; y = yellow. I = AnthoxantJrurn odovatzrm L. ; z = Poa 
trivialis L. ; 3 = Dactylis gtomerata L. ; 4 = Lolizcm gevenne L. ; 5 = Alo~eczwim firatensis I.. ; 
6 I Festuca’@‘atensis IIuds. ;’ 7 I Cjrnosurz6s ‘cristatik L. i ‘8 

‘~02~~s lb&talus IL. ; x0 
= Arrhe?zathewrm e2atus (L.) J. & C. 

Prcsl;‘g. = = Agrostis tew& Sibth. ; T I = PhEeiim, prattinse L. a ‘7 ‘Extract 
from viable pollen ; b = extract from non-viable pollen. Solvent systems : (F) ,g6 o/o ethanol-water 
(70:30, v/v) ; (II) phenol-water (75:25, w/w; 20 mg NaCN add&&per roe g mixture) ; (III) 92- 
butanol-glacial acetic acid-water (80: 20 : 20, v/v) ; (IV) 96 y. ethanol-water-diethylamine 
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Fig. 2. Mean hRp values, plotted as a function of the solvent system sequence, for the: ninhydrin- 
reacting components resolved in aqueous extracts of some grass polle’ns preserved in 50 O/O glycerol. 
Layer : siliqa gel, air dried. Distance: rfj cm. (a) Components yielding orange (a- @), pinlcish- 
purple ( O- C)), and yellow (O-y-- 0) spots. (b) Components yeilding pink spots: ( 0 -00) 
pattern foi lx.-leucine, ( 0 - - - - 0) possible pattern for a-alanine, (O---O) possible pattern for 
DL-serine, ( l - -- - l ) possible pattern for y-amino-rt-butyric acid. Solvent systems : (I) gG o/0 
ethanol-water (70: 30, v/v) ; (II) phenol-water (75 : 25, w/w; 20 mg NaCN added per 100 8 mixture; 

’ (III) w-butanol-glacial acetic acid-water (80: 20 : 20, v/v) ; (IV) g6 y. ethanol-water-diethylamine 
(70: ag: I, v/v). 

Dr.-Leucine corresponded with points (4), (4), (4) and (4) in solvent systems I, 
II, III, and IV,. respectively. ., 

(The numbers in parentheses appear against the appropriate point in Fig.. 2.)’ 

From this information it was concluded that DL-leucine was almost certainly 
one of the components in the grass pollen extracts and that cc-alanine, y-amino-?z- 
butyric acid and DL-serine accounted for the remaining three (Fig. 3), although.with 
tlie latter it was not possible to. decide precisely which points had to be joined up to 
get the true pattern. However, by running the Dactydis and Phlezcm viable .and non- 
viable pollen extracts, a known mixture (prepared in 50 o/o glycerol) containing 
glycine, L-proline, L-lysine monohydrochloride, oc-alanine, y-amino-rt-butyric acid, 
DL-serine and Dr.-leucine and the individual amino acids in the mixture, also. dis- 
solved in 50 o/o glycerol, on the same plate in the four solvent systems a clear picture 
was obtained. Fig. 4 shows that the position ,of tl~various spots in, tile grass ,pollen 
extracts corresponded both in rate of movement and colour, on heating, after spraying 
with the ninhydrin reagent, with those of the single amino acids mentioned and when 
they were in admixture. It was concluded, therefore, that the free amino. acidspresent 
in both viable and non-viable extracts of the pollen of all the species examined were 
cc-alanine, y-amino-rt-butyric acid, glycine, Dr..-leucine, L-lysine, L-proline and 
DL-serine. ‘. 

J. Ckornafog., 38 (x968) 257-2G6. 
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Fig. 3. IrRp patterns for the amino acids resolved in aqueous extracts of some grass pollens. Solvent 
systcnls: (I) 96 Oh etllanol-xvater (70: 30, v/v) ; (II) phenol-wafer (75 : 25, w/w; 20 nxg NaCN added 
per IOO g mixture) ; (III) n-butanol-glacial acetic acid-water (80: 20 : 20, v/v) ; (IV) g6 y. ethanol- 
water-diethylamine (70 : ag : T, v/v). 

The presence of y-amino-rt-butyric acid is of great interest since it has not 
previously been reported in any pollen. However, since SYNGE~~ observed that 
y-amino-+z-butyric acid had been found chromatographically in nearly all plant 
tissues and often represented a substantial fraction of the non-protein nitrogen, the 
presence of this amino acid in grass pollen ,is not surprising. Although BATWURST~~, 
using a microbiological assay technique, reported free valine in four grass pollens, 
no trace of valine was found in the extracts examined in the course of this work. 

,With respect to' the free amino acid content of the grass pollens examined no 
species differences were detected and there was no difference between viable and, 
non-viable pollen extracts. 

‘. 
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Pig. :I. Tracings of chromatograms of some amino acids and grass pollen extracts preserved in 
so o/o glycerol. Layer: silica gel, air dried, Distance: 15 cm. (- - - -) Glycerol; ( -) amino acid. 
The colours obtained on heating the plate, after spraying with ninhydrin reagentls are the fol- 
lowing: o = orange; p = pink; pp = pinkish-purple; w = white (glycerol) ; y = yellow. A = 
cc-Alanine; yA = y-amino-n-butyric acid; S = DL-serine ; L = DL-leucine ; Ly = L-lysine mono- 
hydrochloride ; P = L-proline ; G = glycine ; M = mixture of the reference amino acids, All the 
amino acids were dissolved in 50 o/o glycerol. T = Pklea~m pratense L. ; C = Dactyylis &omevata L. 
a = Extract from viable pollen ; b = extract from non-viable pollen. Solvent systems: (I) g6 O/o 
ethanol-water (70: 30, v/v) ; (II) phenol-water (75 : 25, w/w, zo rng NaCN added per IOO g mixture) ; 
(III) n-butanol-glacial acetic acid-water (80 : 20 : 20, v/v) ; (IV) g6 o/o ethanol-water-diethylamine 
(70:2g:.r, v/v). 
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