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1. INTRODUCTION

_One of fhe major functions of a:Botanicharden shouid be that of
research,' When a research labofatory was established at
Kirstenbosch National Botanic Garden in 1984, it - was decided to
start invéstigating chemical p#rameters of our inaigenous plants,
sinde this is a fiéld that has not received adéquate attention . in
the past. It was hoped td contribute towards thevclassification
'of.plants‘byvapplying chemotaxonomy or chemosystematics, whereby
chemical evidence is incorporated with morphological and. other
information; Thé genus Protéa L..was an obvious choice for the
initial material of suchvresearch as it is one of the best-known
and nmost prominent genera of our indigenous flora and its
taxonomic revision, based mainly on morphological data,  was
recently completed by Dr. J.‘P. Rourke. (1980) of the Natiohal
Botanic Gardens, Kirstenbosch. It was_hoped that a phytochemiéal
study of Protea species, ﬁhereby »theirv free amino acid
vcomposition was determined by paper partition'.chromatography,

‘might be of use ih contributing to its taxonomic classification.

The ﬁajor vaim of this study was to detérmine‘the influence of
various parameté:s on the free amino acid composition of Protea.
If free amino acids are to be used.as chemotéxonOmic -indicators.
in this genus, it is important to'know_how factors such as age
and type of organ, seasonal variations, geographié .locality,
'flerfing or vegetative phase influehge the amino acid

composition. -

Since free "amino = acids have been found to be genietically



ihportant markers, one would expect that the free amino acid
composition  of _é hybrid would reflect that of the parents. A
secondary aim of'the.project was thus to determine the amino acid
composition ofIProtea hybrids and their phenotypic parents, since

natural hybridization between species is known to occur, with P.

longifolia and g; laﬁrifolia among "promiscuous" species reported
_(Roufke, 1980 ; Rycroft, 1958). The experiments on hybridsvas
well as those to determine the effects of the parameters cited
were all carried out concurrehtly, 80 it»was impossible to weight
them in order of impoftancé or to apply the findings of one when
testing for another. The results presented in Chapters 3 and 4

thus do not follow any order of importance or relevance.

The first reported systematic application of paper partition
chromatography is believed to be the wofk of Dent, Stepka and
Steward in 1947; from a cold 70 - 80 % alcoholic extract of
potato. tuber tissue they separated out 27 substances which
reacted with ninhydrin, of which 21 were identified as ahino
~acids or amides and their derivatives, and 3 -alanine and 4-
béminobutyric_ acid were later recognized (Steward, Thompson and
Dent, 1949). Since then. numerous such studies have been
conducted, usdally with the aim of identifying and/or 1isolating
new non-protéin amino aéids in plahts. These have been reported
to occur in algée (Madgwick et al, 1970 ; Impellizeri et al,
1975),: fungi (Oka et al, 1980), ferns (Virtanen and Berg, & Befg
and Virtanen, 1954 ; Meier and Sorenson, 1979), as well as in
higher plants.  Rosenthal (1982) in his book "Plant Nonprotein

and Amind and Imino Acids" gives an extensive and up-to-date
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- review of these and their plant sources; - Alcoholic extracts of
leaves or seeds are usually éssayed, but the élant material used
can be as diverse as roots and root nodules (Miettinen and
Virtanen,1952), shoot apices (Steward et al, 1954), néctar
(Baker and Baker, 1973 & 1976),. cell sap (Hattori and Komamine,
1959), latex (Liss, 1962), fruits: (Ellingtoﬁ et al, 1959 ; Gray

and Fowden, 1962) and gum exudates (Anderson et al, 1984 & 1985).

As many and new non—protein amino acids have been discovered,
interest in their value as chemotaxonomic markers has grown to
follow suit. Examples of ﬁhis are reported for the
chemosystematic studies on the Liliaceae, Agavaceae and
Amaryllidaceae (Foﬁden and Steward, 1957), the Aloineae (Riley
and Isbell,' 1963), on Lathyrus (Bell, 1962), on Vicia (Bell and
Tirimanna, 1965), the Cucurbitaceae'(Dunnill and Fowden, 1965),
on Acacia (Anderson et al, 1984 & 1985), and the Capparidaceae
(Nageshwar et al, 1984). Apart from the work of Van Staden in
1966, no chemosysﬁematic'work has been conducted on Protea using

free amino acids as markers. N

"In addition to those occurring naturally, Protea hybrids are
~ being cultivated to meet the requifements of the cut flower
industry which is expénding rapidly in South Africa although our
flowers_represent only 0,8% of the market of exportingv countries
(Anonymous; 1985 a). Of the horticulturally produced cut-flower
proteas, 80 - 90 % are either pincushions or Protea spp.
(Anonymous, 1985 b). In order td satisfy the overseas market

‘'with blooms of top guality with an appealing colour and good stem



length, protea hybrids are being cultivated and propagated at the
Protea Research Unit of the Horticultural Research Institute at
Tygerhoek, Riviersonderend. A recent report by Mr. G. Brits of

Tygérhoek mentions that about 16 . protea cultivars, including

Protea and Leucospermum hybrids are generally available_to.protea
farmers in South Africa (Brits, 1985). Plant material.frbm 8
Protea hybrids and 3 P. repens varieties cultivated aﬁ Tygerhoek,
as well as from 2 Protea hybrids growing in - the gardens at
Kirstenbosch were‘-asgayed. Since amino acid composition is
geneticélly determined,‘ it would be expected that hybrids would
reflect the free amino acid composition of either or‘ both

parents.

Regults from analyses'of 15 Protea species were used to interpret
the possible influence of parameters such as seasonal variatiqns,
type and age of planﬁ organ, géographical locality as well as
reproducibility of data and the effect of vegetative or flowering
phase on free émino acid composition. A total of 40 free amino
acids were located by two-dimensional paper chromatography, which
included_? non—érotein amino acids and 12 that were unidentified.
The latter are of special importance in chemotaxonomy, sincé the
twenty-two protein amino acids .and amides are expected to occur |
universally in all living systems (Charlwopd and Bell, 1977), but

the presence or absence and characteristic associations of non-

protein amino acids can be of taxonomic and nutritional
gignificance 1in the subdivision of taxa (Bell and Tirimanna,
1965). '



Terminology for the pafts of the plant assayed ié that
recomﬁended by J. Preﬁorius of tﬁe Rand Afrikaans Universitf'in a
‘paper presented at the First International‘ Protea Research
Symposium held in Cape Town in August 1985. Briefly, in the
‘ébstract of his paper, he recommendé that the vProtea
ianOrescence, borne at the end of a flowering branch, be calied
a flower head, consisting:of many florets (individual flowers),
'_which are sessile on the involucral receptacle and surrounded by
the involucral bracts. " The involucrél bracts are grouped into
series; the bracts of the lower (outer) rows are shorter Iand
scaly and are calléd scaly bracts, whereas the bracts of the
inner rows are longer and showy and are called the inner or
colour bfacts ". " In this work, the term bracts refers to a
combination of both the scaly and colour bracts. YI use the term
vegétative foliage to refer to leavés borne oh' non—flowering

branches.



2. MATERIALS AND_METHODS
2.1 Descriptidn of plant material assayed

Plant material was collected from several‘localities around tﬁe
Western Cape, which will be specified when the‘ results arev
presented. | It was always compared withbthe same plant material
(i.e. the same type_of ofgah‘from the same species) growing at
Kiretenbosch. There are two Protea hybrids growing in the protea

gardens at Kirstenbosch viz. Protea eximia x P. roupelliae ssp.

'roupelliae and Protea laurifolia x P. magnifica; plant'material
frem these hybfids as well as from theif éhenotypici parent
species was assayed. Additional material from Protea hybrids was
cellected - from  the Protea Research Unit of the Horticultural
Research Inetitute at.Tygerhoek, Riviersonderend. Two collecting
trips were underteken there in March (autumn) and September

(spring), 80 thate seasonal and temporal effects on free; amino
'acidvcomposition could be evaluated for some species, iﬁvaddition
to the usual comparison with their phenotypie parent species
_growing éthirstenbosch. Voucher specimans of material collected
~in the field are kept at the Compton Herbarium, Kirstenbosch
_'Nétional Betanic Gardens.-.Their accession numbers and ﬁhose of
the plants growing at Kirstenbosch and Tygerhoek are_noted in an
appendix at‘the end of this thesis. Intra-specific variation wes
"not tested, and plant material from the hybrids and from most
field material Qas usually derived from just one .plant; where

stands of the same Protea species were cultivated at Kirstenbosch

or in the field (e.g. P.repens and P.compacta near Bot .River),



the same material from several plants was combined and assayed.

Plant material from thé gardens at Kirstenbosch was gaﬁhered
between 09h00 and lOHOOYand assayed immediately thereafter.
" Material gathered on field'collecting trips was placed in plastic
bags  and transported in polystyrene céoler boxes containing
frozen ice-packs. Since such tfips usually lasted the whole day,
the plant material thus collected was stored in a refrigerator
overnight :and assayed the following day with no browning of
 folia§e (Dé Swardt & Pretorius, 1980) being detected. However,
browning did occur if plant material was stored .in the

refrigerator for longer periods.

2.2 Extraction procedure.

The soluble nitrogenous fraction of 30 - 50g fresh plant material
was extracted with methanol - chloroform - water (MCW) (12 : 5
3, v/v) after the method of Bieleski and Turner (1966). To

compensate for the‘fact_that all plant material assayed had a
moisture content of 50% or more of its freéh mass, the actual MCW
- ratio measured out wés 12 : 5 : 1,5 wv/v. vsince the results were
e#pressed .on a dry weight basis, dry mass was determined by
weighing a separate sample, ‘with fresh mass as close as possible
to that of the éamples to be égsayed, before and after drying in
‘an oven at 90 - 100 @ C for 24 hours. About 300 ml MCW per 30g

fresh plant mass were used.

Plant material was macerated: in a Kenwood blender with the

-appropriate volume of methanol and water, since it had been noted



ét an early stage that the chlor;form destroyed phe pléstic
material of the blender jug. The extract was decanted throughv
glass' Qool held in a fuhﬁei into an Erlenmeyer flask df
appropriate volume. The chloroform was then poured through the
gléss wool retained material, followed by additional voluhes of
‘water (162 ml) and chloroform (90 ml) to extract the lipidé_ and

pigments.
2.3 Group separation

This solution was then left to stand overnight to allow the two

.phases to separate :- the lower chloroform layer contained the
lipids and plastids and the uppef " methanol - water layer
contained the free amino acids and amides. It was a personal

preference to use Erlenmeyer flasks rather‘ than separatory
funnels for this procedure. The methanol-water layer waé
_deéanted 6ff, again through glaés.wool contained in a funnel,
into K roﬁnd—bottomed flask for in ggggg evaporation. The
methanol »wés evaporated off under vacuum and ﬁhe sample; thus
éoncentrated to approximately half-volume, was applied t§ a Dowex
SOW - X8, 200 - 400 mesh, cation exchange column in the H* form.
The glass columns were.él,S cm high with an.internal diameter of
2 cm ; the‘tapering outlet was plugéed with glass wool and the
Dowex 50 resin filled the lowest 4,5>~ 5 cm . The samples were

almost‘neutral with a pH of about 6,0 .

Each column was washed with about a litre of deionised distilled
water to remove all non-cationic material, then eluted with 3N

.VNH4OH. Preliminary expefiments, whereby 7,5 ml aliquots were
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eiﬁted , evaporated ig ggggé and then developed one-dimensionally
by descending chromatqgraphy'on Whatman no.l chromatography paper
in av monophééic butan-1-ol - glacial acetic acid - water (BAW)
solvent (90 : 10 : 29 , v/v) showed that both acidic and basic
amino 'acids had adhéred to the column ahd were subsequently
.diSPIaced’; aspaftic acid Qas the first amino acid to be eluted
-and  1301ﬁecine/1eﬁ§ine the last after about 140 ml of 2N NH,LOH
had passed through; They also showed that the water eluates,
before and after elution with N NH,OH, when coﬁcentrated lg vacuo
.and separated oﬁt by'paper chromatography, showed only trace
~amounts of a few free'amino acids, none of which did not appear
“in the NH,OH eluate. - Therefore, the amino acids were eluted with
180 - 200 ml 3N NH,OH into a round-bottomed evaporating flask and
. évaporated under vacuum to a volume of 1 - 2 ml . The exact
‘vdlume was‘measuréd in a 5 ml measuring cylinder, thenistored in.

-screw—capped'polystyrene tubes in a refrigerator.
2.4 Amino acid separation

Separations were carried out by descending paper chromatography
" - on Whatman no. 1 chromatography paper; - As a preliminary step,

arbitrary . aliqudts: of the extracts to be agssayed were

chromatographed one—dimensiohally in monophasic BAW (90 : 10
29 , v/v) to gauge the presence and concentration of free amino
acids present. Thereafter, aliquots equivaleht to about 180 to

600 mg dry mass of plant material were applied to sheets of
Whatman no. i chromatography paper, and separated two-

dimensionally with monophasic BAW (90 : 10 : 29 , v/vi in the



first .dimension,' and with water-saturated phenol in the second
dimension, all performed at room temperature. The chromatograms
~ were dried in a fume cupboard,i and developed by sPrayinQ with
0,25% ninhydrin (indanetrione hydrate) dissolved in 5% methanolic
2,4,6-collidine (trimethyl pyridine) as a locating agent. When
heat was applied from a Novex 1250W hairdryer, turned on a£ full

speed and full heat,v the free amino acids.showed up as spots
stained shades of purple and violet, blue, yellow, orange, pink
~and brown. Their relative concentrations were estimated by
allocatiﬁg a figure based on an arbitr&ry scale from oné'to five
accofding to the relative sizes and intensities of the ninhydrin-
reaéting'spots. - Amino acids were idéntified from references in
- the litefaturé'and verified by two-dimensional chromatography of
the amino acid purchased from chemicai'companies'or from standard
kits supplied by Merck Co. The presence and patterns of free
amino acids were thus recorded for each plant, and photocopies of
the develdped chromatograms were made and filed. Some results
~ were quantified by sending small samples, equivalent to 30 - 60
mg dry mass,' through an LKB'4150 automatic alpha amino acid

analyser.

Most chemicals wused were purchased from BDH or Merck and the
amino acids mainly from Fluka with a few from BDH,' Merck or

Sigma.
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3. RESULTS AND DISCUSSION
3.1 Introduction

~ Results are presented from the two-dimensional paper
chromatographic study of Protea material. The concentration ofv
free amino acids detected is expressed.on an arbitrary scale from
1 - 5, depending on the colour intensity and spot size vafter
aevelopment with the lecating agent. Tr indicates that merely a
trace was detected after 24 hours at room temperature. In some
of the Tablee, a summation of thesevarbitrary values is made, to
give a total arbitrary concentration value of compounds reacting
with ninhydrin. - In such cases, those amino acids detected in

trace amounts are given an arbitrary value of 0,5.

The amino acids were identified by reference to standard two-
dimensional chromatograms, co-chromapography of standards,
automatic amino acid analyses and by ninhydrin colour reaction.
Somevamino acids were isolated and chemically characterised (Van

Schalkwyk, 1986).

Isoleucine (Ile) and leucine (Leu) were detected as a siﬁgle spot
since their Rf values for boﬁh.solvents are very close. However,
results from the amino acid analyser printout show that both were
present in all species studied and that the Ile concentration was
usually double that of”Leu. The Rf values for valine_(Val) and
methionine ' (Met) were also so similar that they could not be.
detected separately by the paper chromatography method. Analysis

by means of an automatic amino acid analyser showed that Met is

11



.presentlln very small quantltles, so small'that they coold hot bep
texpressed 'asira' percentage from the samples assayed thlSA way;
‘therefore the spot located in the p081tlon that these. am1no>ac1ds
{jwould be on a paper chromatogram run w1th the solvents descrlbedﬁ -
Qas v;nterpreted_as belng malnly vallne ahd rs expressed'asb,sﬁchv

“in the tabulated results.

A diagrammatic representation'of the positions.of the free amino
'acidsl detected by two d1rect10nal paper chromatography 1s:‘given
'1n Flg. 1, followed by a key to their 1dent1ty and the1r colour
;reactlon' w1th the locatlng agent (Table 1). l bbrev1at1ons used
in. this work are g1ven in brackets. | .The" spots whlch are hot'A
'colour?coded in F1g. lh were’ shades of purple or v1olet, which is
4the usual colour reactlon for most free amino ac1ds sprayed w1th‘v

nlnhydrln as a locatlng agent‘_

12



Table 1

: Key to the identity of the free amino acids depicted in

the preceding diagram (Figure 1), abbreviations used in the text,

and the code for their colour reaction with the locating agent.

1 - Glycine (Gly)

2 - Alanine (Ala)

3 - Valine (Val)

4 - Methionine (Met)

5 - Isoleucine (Ile)

6 - Leucine (Leu)

7 - Arginine (Arg)

8 - Lysine (Lys)

9 - Aspartic acid (Asp)
10 - Glutamic acid (Glu)
11 - Asparagine (Asn)

12 - Glutamine (Gln)
13 - Serine (Ser)
14 - Threonine (Thre)
15 - Phenylalanine (Pheala)
16 - Tyrosine ’ (Tyr)

17 - Proline (Pro)

18 - Hydroxyproline (Hypro)
19 - Tryptophan (Trp)

20 - Histidine (His)

21 - Cysteine (Cys)

22 - Cystine (Cys-cys)
23 - Pipecolic acid (Pipe)
24 - Ethanolamine (Etam)
25 - 3 - alanine (3-Ala)
26 - 4-Aminobutyric acid (4- Aba)
27 - Phosphoserine (P-ser)
28 -~ Ornithine (Orn)
29 -~ 2,3-Diaminopropionic acid (2,3-Di)
Ul-Ul2 -~ Unidentified amino acids

(pink ; P)
(purple)
(purple)
(purple)
(purple)
(purple)
(purple)
(purple)
(blue ; Bl)
(purple)
(orange ; 0O)
(violet)
(grey ; Gr)
(grey ; Gr)
(red-brown ; Br)
(grey ; Gr)
(yellow ; Y)
(pink ; P)
(blue-purple)
(purple)
(brown-pink ; P)
(purple)
(blue-purple

- (brown ; Br)

(blue ; Bl)
(purple)
(purple)
(purple)
(pink ; P)
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3.2 Comparison of free amino acids detectable in old and young

foliagé_

In_ordér'to detefminé whether the age of the leaf influenced free
aminq acid composition, very young lea?es from the tips of the
- branches were éollected and assayed from September onwards, as
the leaf buds were noted to be opening from this time, and

results compared with those for older vegetative foliage from the

previous season. The Protea species from which material was
assayed are listed in Table 2, and the results are presented in
Table 3.

Table 2. List of Protea species studied.

No. Name of species

1 P. burchellii

2 P. eximia

3 P. longifolia

4 - P. roupelliae ssp. roupelliae
5 P. eximia x P. roupelliae
6 P. laurifolia

7 P. nitida

8 P. eximia x P. susannae

9 _ P. magnifica x P. susannae
10 " P. repens X P. cynaroides

15



Table 3. Comparison of levels of free amino acids in old (o)
: and young (y) foliage. The species studied are given
in Table 2. The totals are the summation of the
ninhydrin reacting compounds , giving their arbitrary
total concentrations .
1. 2 3 - 4 5
o ;Y o ;Y o : Y o : Y o ;Y
Gly 2-3 ; 4 2-3 4 2 3 Tr 2-3 2 4
Ala 2-3 4 1 4 3 3 Tr 4 1i-2 3-4
val 1 .3 Tr 2 3 2-3 | Tr 3-4
Leu/Ile| Tr 3 Tr 2 2 3 Tr 3
Arg 4 Tr | Tr 4 Tr
Lys 5 Tr : 3 Tr 3
Asp 3-4 4 3 2 4 2 3 3-4 3 3
Glu 4 4-5 3 4 4 4 -3 5 3-4 5
Asn 2 2 1-2 | Tr 2-3 3
Gln -2 2 Tr 2-3 1 2-3 2-3 | Tr 3
Ser 3 4-5 2 4 3-4 3 4 4-5
Thre Tr 2-3 . 2 Tr 2 2 Tr 2
Pheala 2 2 2 3
Tyr 2-3 Tr 1 Tr
Pro Tr 2 Tr 1 Tr 2 2 Tr 2
Hypro o : 1 1 :
Trp 2 2
His 4 1 Tr 2
Cys
Cys-cys ,
Pipe 3 2 ' | Tr 2-3
Etam 2 g 3 Tr 2 2 2
3-Ala 1 3 1 2-3 | Tr 1 2 1 2
4-Aba . 1 1-2 | Tr 1 3 2
P-ser 2 3 2 2 1 1 2 2-3 2 2
Oorn 1 '
2,3-Di
Ul 2 1 2-3 1
U2 1 Tr Tr
U3 3 Tr 1 1-2 2
. U4 2 :
us 1 1
U6 :
u? "2 2-3
U8 Tr 1 1 1 1
U9 2 1 1 1
ulo '
Ul1l
Ul2
Total 26,5 74 20 53,5 | 24 56,5 9 47,51 15,5 58,5

16




Table 3 (contd.).
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(o) and young (y) foliage.
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Discussion of results

From Table 3, a comparison may be made of the free amino acids
detected by two-dimensional paper chromatography in very young
and the older vegetative foliage of the plant. Results from the
‘young foliage of species no. 1, 2, 3, 4 & 5 are compared with
those from older foliage assayed several months previously,
whereas the results for species 6, 7,.8, 9 & 10 are from young
and old foliage collected and assayed simultaneously. The total
at the bottom of each column is the sum of the concentration
values, and is the arbitrary total value of ninhydrin-reacting
compouﬁds detected with trace amounts allocated an arbitrary

value of 0,5.

.As‘cén be‘seen from the results presented in Table 3, there is a
general increase in the concentration of most free amino acids
detected in the young foliage and, except for nos. 7 & 8, more
freé amino acids were deteéted in young foliage - than in old.
Oﬁly in no.10 were almost the same free amino acids detected in
both young and old foliage and in like concentrations. on
average, the total concentration of amino acids in young leaves
on a dry weight basis was ﬁearly twice as high as that of old

leavés (52 vs. 29 concentration units, cf. Table 3).

Gly, Aia, Asp},GIu, and P-ser were detected in both young and old
foliage of every species assayed with Glu present in high
concentrations ﬁhroughout. Very high concentrations of Lys were
detected in the young foliage of nos. 1, 6 and 7 ; it was

detected in the young foliage only of species 1, 3, 5, 6 & 8.

18



Hypro and Trp, where detected, were present only in the young

foliage.

Pipe was only detected in 5pecies'l, 3 &6, where it was detected
iﬁ both young and old foliage. Etam was not detected at all in
species 7, 8 or 9 and except for species no. 10 , it featured

mainly in young foliage.

Generally speaking, more of the unknown non-protein amino acids
were detected in young foliage than in old ; only Ul was detected
in old foliage without being detected in the young foliage as
well (Table 3 no.9). Ul1l0, Ull and Ul12, which are often detected
together and eould be associated in some common metabolic pathway
(cf. discussion for Fig. 2, Chap. 3.4 b), were detected in both
youﬁg and old foliage of species no. 7 , and Ul2 was deteeted in

the young foliage of species no. 10.

The arbitrary total values of ninhydrin—reacting compouhds showed
the greatest differences between old and young foliage in those
species where the plant material was assayed at different times,
usually months apart. The differences in concentration and
.number of free amino acids detected might thus be idue~ to a
seasonal .effect correlating with the subtropical summer growth
.rhythm reported for pfoteoid species (Specht, 1979 ; Pierce &
Cowling, 1984). The genefally higher number and concentfations
of free amino acids detected in young foliage may be due to the
fact. that the young, rapidly metabolizing tissue creates a sink
for nitrogen reserves, as indicated by higher Asn and Gln levels

in the young foliage of all species except no. 10.

19



3.3 Effect of geographic locality on free amino acid composition

In order to determiﬁe the effect of geographic locality on free
amiﬁo acid comp§siti§n, ~a study was made of the free amino acids
detectable 1in Protea speéies from varioﬁsvlocalities around the
Western Caée ana also of those from the same species growing in
different garden beds at Kirstenbosch, since these originated
from different localities according to plant records. - The
results, of free amino acid composition detected by tﬁo-.
dimenéiénal paper chroﬁétography; are given in Table 5. Téble |
4 lists the Protea species and plantvofgaﬁ studied with thé
locality given within»brackets. The original locality of the
plants growing  at Kirstenbosch with their year of planting at
Kirstenbosch in brackets are givén below | | |

1. P. burchellii : Dassenberg - SW/Malmesbury'(IQBO)

2. P. compacta : Farm "Hangnes", Zoetanysberg (1982)
3. P. cynaroideé : Garcia Forest Reserve (1979)
4. P. longifolia : Just past Spfingfontein (1971)
5; P. magnifica L7 : Franschhoek, above Pass (1984)

-P. magnifica L15 : Galgeberg (1980)

6. P nitida : Guerna Kop'b‘ _ (1973)
7. P. repens : 7 m W of Salem D (1973)
8. P. scabra :vﬂpéer Buffels River Valley (1972)
9. P. eximia L2 : Kleinplaat, Forest Reserve (1979)

P. eximia L7 : Swartberg Pass (1979)

10. P. roupelliae : No information recorded.
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List of Protea species studied and their locality.
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pP.
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P.

P.
p.
P.

‘P

Species, organ studied and locality

burchellii
burchellii

compacta
compacta
conpacta
compacta

cynaroides Foliage
cynaroides Foliage

‘longifolia

longifolia
longifolia
longifolia

magnifica

magnifica

nitida
nitida

repens .
repens
repens
repens
repens

var

scabra
scabra

eximia
eximia

roupelliae
roupelliae
roupelliae
roupelliae

burchellii o014 vegetative foliage

( Kirstenbosch )

Young vegetative foliage ( Kirstenbosch )
‘Vegetative foliage

Foliage
Florets
Foliage

Florets

Foliage
Florets
Foliage

Florets

Foliage

Foliage

. Kouga

Bracts
Bracts

o~~~ o~

(
(

sub

sub

Young foliage
Young foliage

var. Alicedale

var. Witzenberg

,Ydung foliage
Young foliage

( Slanghoek )

Kirstenbosch )
Kirstenbosch )
Bot River )
Bot River )

Kirstenbosch )
Kleinmond )

inflorescence (Kirstenbosch)

(Kirstenbosch)

inflorescence (Bot River)

(Bot River)

(Kirstenbosch L7)
(Kirstenbosch L15)

(Kirstenbosch)

(Tulbagh)

Foliage (Kirstenbosch)
Foliage (Bot River)
Foliage (Tygerhoek)
Foliage (Tygerhoek)
Foliage (Tygerhoek)

Vegetative foliage‘ (Kirstenbdsch)

Vegetative foliage (Kleinmond)

(Kirstenbosch L2)
(Kirstenbosch L7)

(Kirstenbosch)

. {(Mkambati Reserve,

Transkei)

Florets (Kirstenbosch)
Florets (Mkambati Reserve, Transkei)
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Table 5. Distribution of free amino acids detectable in Protea
species from various localities. See Table 4 for
identity and origin of species assayed.
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Table 5 (contd.). Distribution of free amino acids detectable
- in Protea species from various localities.
See Table 4 for identity and origin of
species asgsayed.
5 6 7 8

a b a b a b c d e a b a b
Gly 3 3 3 3 3-4 3 3 2 1 3 4 4
Ala 3 3 2 3 4 3 4 3 4 3 1-2 4 4
val 1 2 Tr 3 1 2 2 1 2 Tr 2 2
Leu/Ile Tr 1-2 | 2 3 1 2 1 1 2 Tr 2 2
Arg 1 5 2 2 Tr
Lys 1-2 5 - 1-2 Tr Tr
Asp 4 4 1 2 4 5 2 3 2 2 2-3 1 2
Glu 4 4 4 5 5 5 3 3-4 4 4 3 4 4
Asn 1 3 4 1 1 1 1 1 1-2
Gln 1 1-2 2 1 1-2 1 Tr 1-2 Tr 1 2-3
Ser 3 4 3 4 3 3 3 2 1 3 1 4 4
Thre Tr 1 3 2 1 1 1 1 Tr 4 Tr 2 2
Pheala 1 2 1 1 3 2
Tyr Tr  Tr 1 Tr Tr
Pro Tr 1-2 Tr Tr 1 1 1 2 2 Tr 1 1
Hypro ' 1 f 1
Trp 2
His 1 5 2 Tr 2 1
Cys ' ’
Cys-cys : 1
Pipe 2-3 2-3 1 1 2 1 2
Etan : 1 1 1 1 2 2 Tr 3 3
3-Ala 1 1 1 2 Tr 2 3 2-3
4-Aba Tr 2 2 4 1 1 Tr 2-3 1-2
P-ser 2 2 1 1 2 2 2 2 2 1-2 1 2
Orn ‘Tr . 2 : 1
2,3-Di Tr : Tr Tr 2
Ul .2 1 Tr 1
U2 Tr 1 1
U3 1-2 Tr
U4 1
U5 - 1 Tr 1 1 Tr 1 1
U6 4 2
U7 1 Tr 3 3 2
.us 1-2 1 1 1
U9 1 1 1 1 2
-ulo0 i-2
Ul1l 3
U12 3
Total 27 37,5 |51,5 40 |30 35,5 40 30 34,5 32,5 15,5|52 54,5
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Table 5 (contd.). Distribution of free amino acids detectable
‘ in Protea species from various localities.
See Table 4 for identity and origin
of species assayed.
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Discussgsion of results

P.burchellii : Results from the assays of old (a) and young (b)

vegetative foliage from P. burchellii growing at Kirstenbosch

were - compared with vegetative foliage (c) comprising both old

and young foliage collected from P. burchellii growing at Twee

Heuwels on thevslanghoek - Bains Kloof Road (Table. 5 no. 1).
bee free amino aéids were detected and at elevated
-.concentrations’ in young foliage (b) compared with old (a) £from
Kirstenbosch, énd élso‘when cdmpared with foliage from Slanghoek
(c). However, the 'nﬁmber and relati§e concentrations of free
amino acids detected in (c) are higher than those in (a). These
results are ‘also reflected in the totals .representing the
érbitrary concentration values for all ninhydrin reacting .
compounds detected‘in each speciés. Glu and Ser wére detected
in the'highest concéntrations in (b) and (c), with Gly, Ala, Asp,
Glu and Ser bein§ detected in the highest coﬁcentrations in all.
Possiblyvdue to both old and.yoﬁng foliage comprising (c),. Arg;
Lys, Tyr,v Trp, His, Etam and U3 were detected in (c), albeit in
lower concentrations, and in (b). Hypro, Cys, Cys-cys, Orn and
2,3-Di were not detected at all. Pipe was detected in all three
samples, elevated in old foliage (a). Locality does not seem to
'have. affected the amino acid éomposition of (c¢) when compared

With the same species growing at Kirstenbosch.

P. compacta : ‘Foliage (c) and florets (d) of P. compacta were
collected and assayed from a locality just before the Bot River

en route to Hermanus, and compared with like material growing in
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the gardens at Kirstenbosch (Table 5 no. 2).. Fewer free amino
acids were detecﬁed in (cj than in (a) and their concentrations
'.were lowér. Glu was detected in the highest concentrations in
all, along with Asp in (a), (b) and (d4d). Lys, Asn and Ser
concentrations were high in the florets with Phe,detected in the
florets (b) and (d) only.. .Small amountsvdf Pipe were detected
only ih the_maferial.frdm Bot River (c)‘and .(d). ~His, Cys-cys
,andi traceé: of Orn were detected only in the material from
Kirstenbosch. U3.was detected in all and U8 in the florets from
~ both localities, (b) and (d). Ul and U4 were detected only in the
: floréts from Bot River (d)., “and U5 only in the foliage from
Kirstenbosch (a). In fhe florets, (b) and (d), the same free
amino acids when present afe more alike in concentration than in
foliage. = The greater -similarities between the numbér .and
vconcentrétions of free amino acids detected in floretév compared
with that of the foliage 1is reflected in the arbitrary

concentration totals for the organs compared (Table 5 no. 2).

P.cyharoides : Results from the assays of vegetative foliage of

P. cynaroides from the quarry site at Kleinmond (b) were compared

with those_ffom the vegetative foliage of P. cynarbides growing
at Kirstenbosch (a) (Téble 5 no. 3’. Where the same free amino
acids were detected, th6y_were alike in concentration except-for'
4—Abé, where concentratioﬁs were elevated in the Kleinmond
mate;ial (b). Glu was detectéd in the highest concentration‘ ’
followed‘ by Asp, Gly and Ala. Aﬁ interesting featu:e of their
chromatograms Qas the presence of U10, Ull and U12, which are

‘usually detected together, but in only a few of the species
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assayed, and are not always detected for material assayed at
different times throughout the year. They might therefore be
indicative of the metabolic’statebof the piant, and be important
indicators of a‘metabolic pathway common to only a few species.
The ‘totals éhon a very close correlation between the arbitrary

. : " ~ .
total concentration values for ninhydrin reacting compounds.

P. longifolia : Results from assays of foliage and florets, (c)

and (d), collected from a locality before Bot River en route to
Hermanus were compared with those from the same_material growing
at Kirstenbosch (a) and (b) .(Table 5 nn. 4). Glu andvAsp were
detected 'in the highest concentrations for all,' with. elevated
concentrations of Lys, Asn,.Pro and 4-Aba in the florets (b) and
(d). rHypfo; Trp, U4 and U8 were detected in the florets.only,-
(b) and (d). 2,3-Di was detected in the florets from
Kirstenbosch (b) and in the foliage from Bot River (é). For both
fbliage and Iflorets, vthe free amino acids detected and fheir
relative cbncénﬁrations ‘were similar for both localities, and
' ~this isb'reflectéd.in fheir arbitrary concentration totals of

ninhydrin-reacting compounds detected.

P.magnifica : Results from the assays of foliage from two different
P. magnifica stands, in different flower beds at Kirstenbosch and
originating fromvdifferent localities according to plant records,

were compared - (Table 5 no. 5). The assays were performed at the

same time, thus eliminating seasonal effect. More free amino
' acids were detected in (b), and in general their concentrations

were . elevated when comparéd with (a). These. results are
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reflected in the arbitrary concentration totals of ninhydrin-
reacting compounds for both. Glu, Asp, Ser, Gly and Ala were
deteéted in the highest concentrations in both. " 0of the non-
protein amino acids, U5 was detected in both, with vlike
concentrations of P-ser, Pipe and 3-Ala ; Etam was not detectéd
in either. ( cf£f. Table 10 for a quantification by amino acid

analyser of the results obtained by paper chromatography for (a)

and (b) ). Since environmentél conditions were the same for all
the plants assayed, any differences in free amino acid
composition would be genetically determined. These were not too

pronounced for the material assayed, and were possibly an
indication of the metabolic state of‘the plants when the  foliage

was assayed.

P. nitida : Results from the young foliage of a P. nitida tree in
the Tulbagh Waterfall Reserve (b) were compared with those from

the young foliage of P. nitida growing at Kirstenbosch (a) (Table

5 no. 6). The same protein amino acids were»detected in both,
albeit ét slightly higher concentrations in (b), except for the
bésic amino acids Arg, Lys and His, which were located
collectiveiy as a very large and concentrated spot in (a) and

were allocated the maximum value of the arbitrary scale, although
individually their values might differ and be somewhat less. Glu
was detected in the highest concentrations in both, along with
Asn and Ser and the basic free amino acids in (a). Etam was only
detected in (b), Ul, U8, Ul0, Ull and Ul2 were only detected in
(a). Like amounts of 4-Aba and P-ser were aetected, in both,

Pipe, - 3-Ala, Orn and 2,3-Di in neither. Because Ul1l0, Ull and
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Ul12 were"not always detected in P. nitida materiél from
Kirstenbosch when assayed at different times throughout the year,
differences iﬁ free amino acid compositidn and concentration may
be due to the metabolic state of the plant and not necessarily
due to geographic locality. Free amino acid composition was

similar, although their concentrations were not.

P. repens : Results were compared from assays of the foliage of
P. repens growing at Kirstenbosch (a), from a locality near Bot

River en route to Hermanus (b), and from 3 varieties (¢, d and e)
with different flowering times being propagated at Tygefhoek
Reséaféh Uﬁit (Table 5 no. 7). Glu and Ala were detected in the
highest concentrations with that of Asp also high in (a) and (b).
Pheala, which was not often detected in foliége, was detected in
all except (a). Tyr, Hypro and Ul were only detécted in (¢).
Pipe was detected in all, and Etam and 3-Ala in all except (a).
P-ser was détected in all except (b), 4-Aba in (c¢), (d) and (e),

2,3-Di in (a) and(d), and Orn not at all. Since the varieties

were assayed simultaneously, but they, (a) and (b) were assayed
at differeﬁt times of the year, seasonal effects, and those

genetically determined, as manifested by the difference in
flowering times, may have influenced the relative concentrations
detected,  since geographic locality has not greatly influenced

free amino acid composition.

P. scabra : Results from assays of the foliage of P. scabra from
‘Kirstenbosch (a) and from the quarry site at Kleinmond (b) were

compared (Table 5 no. 8). Glu was detected in the highest
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concentrations, along with Thre in (a). Pipe and 3-Ala were not
detected in either, and Orn and 2,3-Di only in (a). U6 was first
detected in the foliage of P. scabra from both ldcalities; and

- was 'only .detected again in the florets ahd foliage below the

infiorescence off P. cynaroides and in the foliage below fhe
vinfloreSéende of.g; eximia aésayed in March ( cf. Table 8 (a) ).
The results do not show a convincing correlation between the
assays from the_twb localities, which may be due vto ‘seasoha1
effects, since the material compared was not'asséyed at the same

~time.

P, eximia : Results from the assays of.young foliage'pf P. exiﬁia _
- from two diffefenﬁlstands athirstenbosch, and originéting frdm.
' differeﬁt 1o§alities'accofdiﬁg to plant records, were compared
(Table 5 no. 9). The number and concentrations of free amino
acids deteéted were.similar for both. Glu, Ser, Gly and Ala were
detected in .ﬁhe'highest concentrations for both, with Pheala
levels also high. " No .Pipe;or 2,3-Di.was.detécted in either.
"Apart from Orh.and.UB detected in (b) only, _the samé ﬁon—protein
~ free amino acids were detected in both at 1like concentrationé.
This is réflectedvin the similar arbitrary totai concentration of

ninhydrin-reacting compounds for both.

P. roupelliae : Results from asséys of the bracts (b) ‘and florets

(d) of an infloreécence'of P. roupelliae collectéd» from the
Mkambati = Game Reserve in'Pondoland, - Republic of the Transkei,
were compared with those of the same material growing at

Kirstenbosch (a) and (c) (Table 5 no. 10). The inflorescences
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were collected and assayed withih'three days of each other, which
probably accounted fof the ~eXcellent_correiation betWeen» the
composition of free amino acid$ detected by paper chromatography
in the same floral parts. However, their‘coﬁcentrations differ,
as is reflected 1in the arbitrary total concentration‘ of
ninhydrin—reactingjcompounds detected. Ala, Giu, Asn, Ser; and
ﬁP;o were detected in all in the highest concentrations. Pheala
was only detected in material from Mkambati, and 2,3-Di not at
all. U7 and U8 were the only unknowns detected in material from

both Mkambati and Kirstenbosch.

The resulté from ail the examples show that, while concentrations
may .differ, the free amino acid coméositiqn was similar in all
the species compared for different geogfaphic localities. This
was éspeciaily significant with regard tp the non-protein amino
acids detected. Since plant>materialvcompared was not always
collected and assayed at the same time, the differences that did
occur cbula be attributed tb seasonal_effects or to the metabolic

_'state of the plant.
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3.4 (a) Free amino acids detectable in different organs of the

plant

In Table 7, a comparison is drawn between the free amino acids
detectable by  two-dimensional paper chromatography in various
organs of the plant viz. (a) vegetative foliage, (b) foliage on

flowering stalk below the inflorescence, (c) involucral bracts,

(d) florets, (e) roots, including proteoid roots, (f) - young
foliage buds. The Protea species compared are listed in Table
6.

Table 6. List of Protea species studied.

No. Name of Protea species
1. o P. burchellii

2. ‘ P. compacta

3. _ P. cynaroides

4. : . P. eximia

5. S - P. longifolia

6. o P. magnifica

7. P. pudens

8. P. roupellii

9. : - P. susannae
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Table 7. Distribution of free amino acids in various plant
organs. The various organs assayed are denoted by
a to f ; organg assayed at the same time are
bracketed (cf. p.32).

_P. burchellii P. compacta P. cynaroides
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Table 7 (contd.). Distribution of free amino acids in various
plant organs. The organs assayed are
denoted by a to £ ; organs assayed at the
gsame time are bracketed (cf. p.32).

P. eximia P. longifolia

Gly 2-3 3 2
Ala 1 3- 2
Val Tr 2-
Leu/Ile Tr 2
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Table 7 (contd.). Distribution of free amino acids in various
plant organs. The organs assayed are
denoted by a to £ ; organs assayed at the
same time are bracketed (cf. p.32).-

. P. pudens P. roupelliae P. susannae
a b c d b c d f a b c d

Gly 2 2 2 2 Tr 1 2 2-3|11-2 2-3 2 2-3

Ala 3 3 2 3-4 Tr 1-2 2 4 2-3 2-3 2-3 2-3

Val. Tr 2 Tr 3 1 1 2-3 1 3

Leu/Ile Tr 1. 2 - Tr 1 3 2-3

Arg Tr Tr 3 2 Tr 1 2-3

Lys 3 Tr Tr Tr 2

Asp 3 Tr 2-3 5 3 2-3 2-3 3-4 4 4 3-4 3-4

Glu . 3-4 4 4 5 3 3 2-3.5 4 4 3-4 4

Asn 1 2 2-3 5 2 2-3 2-3 Tr 3

Gln 2 2 1 3-4 1-2 3 2-311-2 2 3

- Ser 3 3 3-4 4 2 2 4 2-3 2 2 3

Thre 1 1 Tr 2 Tr Tr 2 Tr 1

Pheala .

Tyr 1 1 1 5 Tr

Pro - Tr 1 1 2 1 1 3 3-4

" Hypro ‘

Trp Tr 3

His 2 1 2

Cys ' Tr

Ccys-cys

Pipe 2 1 1 1-2

Etam 25 2 1 2 Tr 2 1 1

3-aAla 1 Tr Tr 3 Tr 1 2 1 1 1

4-Aba Tr 2 Tr 1 3 |1 2

P-ser Tr 2 2 2-3 2 2 1 2

Oorn 1 2

2,3-Di ' 1

Ul 1

U2 _ Tr

U3 Tr Tr Tr 3-4

ua 2-3

U5 Tr Tr 1

0] :

u? ,

U8 Tr Tr 1 1 2

U9 R

U10

Uil

U12

Total 29,5 26,5 23,5 65 9 17,5 29,5 46,5

24 22,5 18,5 52,5
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Discussion of results

In Table 7, results are given for the free amino acids detected
by two-dimensional paper chromatography in the different organs
of the plant. Those organs that were assayed_simultaneously are.

bracketed in the figure. For all species assayed, except P.

gxnaroides,‘ the highest number of_free amino acids were detected
in the young foliagé (f), then the florets (d), then roots (e) .
The arbitrary total concentrations of ninhydrin-reacting
compounds. also show that most were detected in the very young
foliage, followed by the florets and roots, with average total
values of 57, 48 and 33 respectively and, on tétal concentration

average, P. cynaroides was again the exception.

Glu was detected in the highest concentrations in all organs for
all species assayed. Tyf was detected more often and in elevated
ébncentrations in foliage. Pheala was usually detected in higher
concentrations. in the inflorescence and young foliage, and Pro
concentrations were highest in floréts then young foliage. Pipe
was detected in the roots of P. eximia but not in any other organ
when assayed. Most non-protein amino acids were detected in the
very young foliage and florets ; this could be because their
concentrations were higher in these rapidly metabolizing plant
tissues, leading to an increase in detectability. Seasonal
effects may also play a role in.the concentration of_free amino
~acids present.iﬁ the'plant.organs, so that with an increase 1in

concentration more are detectable.
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3.4 (b) The association of certain non-protein amino acids in

selected Protea species.

‘When both the cream- and pink-flowered forms of P. aurea Ssp.

' aurea were noticéd in bloom in the gardens at Kirstenbosch, it
was decided to assay the various plant organs of both forms to
determine whether the difference in. colour form was also
manifested in a difference in free _amino ac¢id compoSition.
Vegetative foliage, young vegetative foliage, foliage below the
inflorescences, bracts and florets of the pink-flowered fqrm,
and the vegetative foliage, bracts and florets of the ceam-

flowered form were assayed.

U010, which was located as a large brilliant orénge spot, Ull,
'bright Yellow; and'012,_smaller than U10 but also bright orange,
'were detected on the chromatograms of all parts of the pink¥
.floﬁered form. There was é trace of U10 on the chromatograms of
. the foliage and flqrets éf the cream-flowered form ; Ull and Ul2
were located on the chromatogréms of the extracts of the foliage

and bracts but not the florets of the cream-flowered form.

Copies of the chromatograms of the foliage and bracts of both

forms are shown in Figure 2.

None of these unidehtified amino acids was detected in the

foliage of P. aurea ssp. potbergensis which was in a vegetative

phase when assayed shortly thereafter.

It was thought at the time that these amino acids might- be

~connected with the pink colour pigment until they were detected
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in the vegetative foliage of both P. nitida and P. cynaroides

(cf. Table 5) While both were in a vegetative phaSe, and also in

the roots of.gL burchellii (Table 7); It was not always detected
in theée species for assays done at different times throughout
the year. These.amino acids might be indicative of a metabolic
pathway common to only cgrtain Protea species, and as such be

useful as chemotaxonomic indicators.
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Figurev-2..‘.'Copies of bidirectional paper chfomatograms of
v extracts of Protea aurea ssp. aurea showing the
free amino acid composition of the bracts of (a)

the cream-flowered form and (b) the pink-flowered
form. : ’ .
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Copies of bidirectional paper chromatograms

of extracts of Protea aurea ssp. aurea
showing the free amino acid composition of
the foliage of (c) the cream-flowered form
and (d) the pink-flowered form.
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3.5 Seasonal effect on free amino acid composition

Results from the seasonal effect on free amino acid composition,

" as detected byf-two—dimehsional paper chfomatography, are
presented 1in Tables 8 (a) and 9. Quanﬁification by autoﬁatic
' amino acid analyser of the results givén in Table 8 (a) are
presentéd. in Téble .8 (b); The ﬁonth and year of analysis. are

given in ~Tables 8_(5) and (b), and the month of analysis in
brackets in Tablé 9, since the plant matérial was all assayed in
the = same year. Results givenvin Table 8 are from the same
drgan, viz, foliage, whereas the results‘preSented in Table 9
show the seasonal effect on various organs of the ﬁlant. Again,
in . Tables 8.(a) and 9, a summation of ﬁhe concentrations of
compounds which reacted with ninhydrin‘isvmade from: the papér

chromatography results to give an arbitrary total concentration.
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Table 8 (a). Concentrations of free amino acid levels in the
: foliage of two Protea species showing seasonal
variation throughout the year.

P. eximia P. longifolia
6/85 8/85 1/86 3/86 5/85 8/85 12/85 3/86

Gly 2 3 3 1 2 2 3
Ala ] Tr 3 3 3 3 3 3 3
val ' 1 1 Tr 3 1
Leu/Ile 1 1 Tr 2 1
Arg 3 2 Tr 4
Lys - 3 2 3 Tr
Asp 3 1 2 1 4 4 2 1
Glu ’ 3 3-4 3-4 Tr 4 4 4 1
‘Asn o Tr : 2 Tr Tr B
Gln ' Tr 1 Tr 1-2 1 2-3 Tr
Ser Tr 1-2 3 2 2-3 3-4 3 2
Thre ' Tr 1 1 1 Tr 2 Tr
Pheala 1-2 1-2 2 1
Tyr . Tr 1 1
Pro Tr 1 1 Tr 2 1
Hypro ' ' 1 1
Trp _ 2
His - , ' 2 ' ' Tr 3
Cys . , :
Cys-cys : Tr ,
Pipe : 1 2 1 Tr 2-3 2
Etam : : 1 1 Tr Tr 2 1

-Ala - Tr 1 Tr 1 Tr 1 1
4-Aba : Tr 1 1 Tr Tr 1 1
P-ser ‘ 1 1 Tr 1 1 1 1
orn 1 :
213"Dl .
Ul . : : 1 2 - 2-3 1
v2 , ' .
U3 ' : 1 1-2
U4 ' '
us . : Tr
U6 | 3
u7 1 2 » 2-3 :
8 - : o 1
U9 : : 1
Ul1lo0
-Ul11
U12
Total - , 10 16 37 31,5 26 24 56,5 22,5
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Table 8 (b).

Quantified

the

total

results,
ninhydrin-reacting

expressed as a percentage of

compounds,

for

seasonal variation of free amino acids detected in

P.

paper:chromatography ( Table 8 (a)).

eximia and P. longifolia by two-dimensional

P. eximia

AA% AA% AA% AA%

6/85 8/85 1/86 3/86

P. longifolia
AA% AA% AA%
5/85 8/85 12/85 3/86

AA%

Gly
Ala
val
Leu
Ile
Arg
Lys
Asp
Glu
Asn
Gln
Ser
Thre
Pheala
Tyr
Pro
Hypro
Trp
His
Cys _
Cys-cys
Met
Pipe
Etam
3~Ala
4-Aba
P-ser
Oorn
2,3-Di
Ul
U2
U3

U4

U5

Ué

07

U8

- 09
Ulo0
U1l1
Ul12

e

=W O

3 2
13 7
2 1
1,5 1
28
3
1 1
22 21
-2
1
2 5
2 2
1
2
3

6 2,5
1 1

PNORPRRPROAONDE R

| ot

o>
(8}

1 1 1
9,5 7,5 5 21
1 2 2
1 1 1 3
1 1 1,5 3,5
36 3
4 7
23 20 1 1,5
40 35 18,5 1,5
_ 1
1 1 1 2
6 6 4 10
3 2 3 5
1 1,5 2
1 1
1 1 1 2
4
2 1
2 3 4 6
1 1 1
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. Table 9.

Seasonal effects on free amino acid composition of the

Key

various plant organs. Assays done in March (3) and
September (9), with arbitrary concentration values
given for individual amino acids detected and the
total of ninhydrin-reacting compounds. '
P. magnifica x P. susannae
Veg. Veg. Sub Sub Br. Br. Fl. Fl.
Fol.(3) Fol.(9) Infl.(3) Infl.(9) (3) (9) (3) (9)
Gly 3 5 3-4 3-4 3 3 2-3
Ala 3-4 4 4 2-3 3 4-5 3
val 2 1 2 "3 3-4 3
Leu/Ile 2 Tr 2 3. 3
Arg ' 1-2- 2
Lys 2 1 Tr 2-3 2-3
Asp 3-4 5 3-4 3 5 4 5
Glu 4 5 4 4 3 4 4-5 4
Asn 1-2 Tr 1 Tr 3 4 3
Gln 2 4 2 1-2 2 4-5 3
Ser - 2-3 3-4 3 2 4 4 4
Thre 1 Tr 1 Tr 1 2 ' 1-2 .
Pheala : 2
Tyr Tr
Pro 1-2 Tr 1 Tr 3 4-5 3-4
Hypro 2 1 1-2 1-2
Trp
His 2
Cys _ Tr 1
Cys-cys - 2 2 2
Pipe 2
Etam 1~-2 1 1-2
3-Ala 1-2 Tr Tr 2 1-2 2-3
4-Aba 2 1 1-2 2 4-5 2-3
P-ser 2 3 2 1-2 Tr 1-2 1
orn 1-2 Tr 2 1 1 2 1-2 1
2,3-Di 1-2 Tr 1 1-2 2 2
Ul 3. 1 1
U2 2
U3 Tr Tr Tr
v4 :
us Tr
18]
u7?
vs 1 1
U9
Ul0
U1l
ul2
Total 39 39,5 32,5 28 6,5 45,5 60 59,5
: Veg. Fol. = Vegetative foliage 44
. Sub Infl. = Foliage below inflorescence
Br. = Bracts :
Fl. =

Florets



| Table

9

(contd.). .

Seasonal effects on free amino acid

-composition of the various plant organs.

Assays done in February (2) and June (6),
with arbitrary concentration values given
for amino acids detected and the total of
ninhydrin-reacting compounds.

Veg{
Fol.(2)

'gL roupelliae

Veg. Br. Br.
Fol.(6) (2)  (6)

Fl.
(6)

~
N =
~ .

Gly
Ala
Val

'Leu/Ile:

Arg
Lys
Asp
Glu
Asn
Gln
Ser .
Thre :
Pheala:
Tyr
Pro
Hypro
Trp
His
Cys
Cys-cys
Pipe
Etam
3-Aala
4~Aba
P-ser
Orn

2 [ 3‘Dl
Ul

U2

U3

U4

U5

U6

u7

U8

U9
U110
Ul1
Ul12

WRPREFFDW

Lol el

=

Tr

Tr
- Tr
Tr

Tr

Tr

Tf
Tr

]
PONW I WRROODWN
RORERF DN

ww
NN
|

=4
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www

N
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)

=
R NOREW
=
: w
=N N
[-3
=)
R

=

NP R
N

. Tr 1-2
Tr 2

N =R

Tr
Tr '

Tr _ 1
Tr

Total

26,5

17,5 | 51,5 29,5
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Discussion of results

Table 8 (a) shows the results obtained by two-dimensional paper
chromatography of‘asséys done throughout the Year, at roughly
three monthly intervals, of two Protea species, P. eximia which
occurs haturally amdn§ the mduntains of the southern Cape, ana P.

_Iongifolia whose natufal habitat is the southwestern coastal

‘region of the Cape between Sir Lowry's Pass and Cape Agulhas
(Rourke,1980). Results from assays of foliage below the
inflorescence are given for P. eximia, which was in flower from

June to January ; foliage assayed in March was below dead flower

heads. Results from assays of vegetative foliage are given for

P. longifolia, which was flowering when material was collected in

May and August. -

Results for P. eximia show that most free bamino acids were
-detected in January (1/86) énd March (3/86), and the least in
June (6/85) ; these results are also reflected in the arbitrary
total coﬁcenﬁration values of ninhydrin-reacting compounds. Glu
Qas detected in the highest concentrations except in March when
only a trace was detected and Ala was the predoﬁinant aminé acid
detected. Ala was detectedkin high éoncentrations throughout the
year eXcept_in June when only a trace was detected. Pipe and
>Etam weré' detected in January and March, Gly and P-ser
qoncéntrations were highest in August and January, Hypro, Orn and
2,3-Di were not detected at all. Concentrations were generally
elevated in the free amino acids detected in January. U6 was

detected in high concentrations in the March assay. This
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unidentified amino acid was first detected in the foliage of P,
scabra (cf. Table 5 no. 8), and subsequently only in the

florets and foliage below the infloresecence of P. cynaroides.

It may prove to be an important chemotaxonomic or metabolic

indicator.

Results for P.  longifolia show that most free amino acids were

detected in December (12/85) with a general elevation of their
concentrations. The arbitrary totals calculated also show that
most ninhydrih—reacting compounds were detected in December. As
with g;v eximia, Glu was detected in the highest concentrations
except in March (3/86) when Ala was the predominant amino acid
detected. Ala levels were constant forv the assays done
- throughout the year. Of the non-protein amino acids, all were
detected throughout the year except Orn, which was only detected

in December, and 2,3-Di not at all.

Since P. longifolia had long ceased flowering by December, and P.

eximia was nearing the end of its flowering phase at this time,
the elevated free amino acid levels in December/January were

probably due to a seasonal effect.
Quantification of these results are given in Table 8 (b).

Sﬁall samples of the same extracts assayed for the results inen
in Table 8 (a), equivalent to about 60 img. dry mass, were
analysedi by an LKB 4150 Alpha amino acid analyser (lithiuﬁ
buffers). The results, given in Table 8 (b), are expressed as a

percentage  of the total of all compounds that reacted with
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‘ninhydrin. P-ser could not be accurately determined this way,
since a preliminary determination, during which a sample was sent
through without ninhydrin being added, showed that a pigment

reacted at the same retention time as that for P-ser.

The quantified results for P. veximia show that Asp ana Glu were
the predominant amino acids detected in June (6/85), followed by
Gly and Ala ; Vval, ile, . Leu, Gln, Ser, Thre, Hypro, Etam,
3-Ala and 4-Aba were detected in trace amounts. Glu was
detected in the,higheét concentrations in August (8/85 ) followed
by. Ala"; Gly was not detected in as high a concentration’ as
depicted by thé paper chromatégraéhy results in Table 8 (a). Arg
then Glu Qere detected in the highestvconcentrations in  January
(1/865, followed by Ala, Ser and Etam ; again, Gly was. not
.detected in‘ as .high a concentratiqn as depicted by paper.
chromatoéraphy.v  Arg then Ala were detected in the greatest
vconcentrations in March (3/86), " followed by Ser, Lys, Etam and
'Trp. The basic free amino acids‘Lys and Arg, and His were often
detected as a large extensive spot by paper chromatography, so
that a coilective value was allécated to them ; amino acid
analyéer results forvboth January and ﬁarch showed that Arg was
vthe predominant‘ amino acid present and contributed most to the
éolour_ reaction with the locating agent, and that His was not
included in this _composition. Pipe was only detected in a
concentratioﬁ gréat enough to be expressed as a percentage in
January. Gln and Cys-cys (8/85), Tyr (1/86), .Pipe and 3-Ala
' (1/86 and 3/86), were detected in trace amounts by paper

,chromatography but these were not detected by the analyser in
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concentrations great enough to be expressed as a percentage.

- The quantified results for'g_L longifolia show that Glu then Asp

were detected in the highest coﬁcentrations, followed by Ala and
Ser in. both May (5/85) and August (8/85). Arg then Glu were
detected in the highest concentrations in December (12/85),
followed by much lower levels of Ala, Lys, Ser, Trp and Etam ;
these_ results cofrelate well with those obtained by papér
chromatography except that Trp was not detected in this case  by
. this method. - Ala was detedted.in the highest concentrations in
Mérch (3/86), followed by Ser, Lyé, Etam and Thre. Pipe, which
was detected by paper éhromatography throughout the year, was
.never detected by the analyser in concentrations great enough to

be expressed as a percentage.

A possible reason for the discrepancy in the valués for Gly as
denoted by paper chromatography and amino acid analyser is ﬁhat
Gly reacted with ninhydfih as a brightvpink spot on paper, which
would not be'ébrrectly_deteqted by the analyser, which readé the
-absorbance reaétioﬁ with ninhydrin in the blue and pufple colour
region at wavelengths of 440 & 570 nm. Not all the free amino
acids _detedted in trace amounts by the analysef.were detected by
péper chrométography, and some detected by this method were not
alwayé.defected by the analyser in céncentrations great enough.to
be expressed as a percentage. Peaks possibiy denoting ‘the
unknown free amino écids detected by paper chromatography could

not be identified on the analyser printout.
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"In Table 9 the temporal effeét on free amino acid compbsition as
detected by two—diménsional paper chromatography is compared for
the same plant organs, assayed in March and September, denoted by
(3) and (9f respectively, for the hybrid P. magnifica x P.

susannae, and in February and June, denoted by (2) and (6)

respectively, for P. roupelliae.

2; magnifica x P. susannae : Most free amiﬁo acids were detected
in the florets in both March and September with vefy ‘few
detected in tﬁe bracts assayed in March. Arg was only detected
1in the florets, and Pipe only in the vegetative foliage assayed
in Ma:ch. Trp was not detected at all. Cys-cys was detected in
the foliage and bracts assayed in September. | Apart from Pheala,
His, Etam and P-ser detecte& in the florets only in September,
and the wunknowns U2 & U3, the same free amino acids and at
similar cohcentrations were detected in the florets. Glu and Asp
were . detected in the highest concentrations for all. The
arbitrary totals are identical for ninhydrin-reacting compodnds
in the florets for both assays, and are almost identical for the
vegetativeb foliage of both assays. Those for the other organs

reflect the results obtained by paper chromatography.

P. roupelliae : More free amino acids were detected in February.

for all organs, with most detected in the florets in June ; these
results were reflected‘ in the arbitrary totals of ninhydrin-
reacting compounds for all 6rgans. Glu was detected in the
'_highest_ concentration in all, along with Asp and Asn in the

inflorescences. Pro levels were elevated in the inflorescence 1in
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Februéry and were detected in the vegetative foliage. Hypro and
Trp Qere detected in the inflorescence, and Pheala in vegetative
foliage oﬁly in February. 2;3-Di was not detected ét all. Cys-
cys and Pipe were detected in all organs assayed in February.
Very few non;protein'amino acids and no unknowns were detected in
JUne; The best correlation between free amino acids detected and

their concentrations was again between the florets.

In order to determine the effect of time and cold-storage on the
Protea extracts, whiéh are stored in  a refrigerator,
chromatogfams of some samples, which had been stored in the
refrigerator for four months, were compared with their original
chromatograms iwhich‘were run immediately after extraction. The
chromatograms were similar and showed practically identical free
amino acid detectability. Consequently, one should be able ﬁo
coliect aﬁd prepare samplés duringvthe growth season and ahalyze

them simultaneously at a later, convenient time.
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3.6 Results from two-dimensional paper chromatography compared
w1th those from amino acid analyser ( AA % ).

Table 10. - Free amino acid composition detected by two-~
B . dimensional paper chromatography compared with
amino acid analyser results. Organs assayed were
foliage (Fol.), bracts (Br.) and florets (Fl.).
P. eximia P. magnifica P. repens
Fol AA % Fol AA %|Fol AA % Fol AA %|{Br. AA % Fl. AA %
(6) (6) (8) (8) (L7 L7 L15 L15
Gly 3 10 4 8 3 6 4 2 1 2 1
Ala 2 3,5 4 19 3 8 3 9 3 3 2-3 3
Val 1 1 1 1 1 2 4 8 3 3,5
Leu 1 : 1 1 1 2 1
- Ile 1 1 1 1 Tr 1 1-2 1 4 9 3 2
- Arg 1 9 Tr 1 2
Lys v 1-2 2 1 2 1
Asp 5 19 1 1 4 6 4 3 2 1 2 1
Glu 5 16 5 34 4 45 4 22 3-4 10 4 18
Asn 4 1 1 1 4 32 4 22
Gln 1 1 1 1 1 2 1-2 2 2 3 3 8
Ser 4 4 4 4 3 7 4 9 3 6 3 5
Thre Tr 1 1 3 Tr 2 1 3 2 3 1-2 3
Pheala ' 1 1 1 1 1,5 Tr
Tyr : ‘ Tr
Pro ' ' Tr 1 1-2 2 3-4 9,5 4-5 21
Hypro 1 1 2-3
Trp 5 2 2 2 2
His 2 1 2 Tr 2 1 1
Cys ‘ '
Cys-cys 1 . . Tr
. Met 2 4 2 ’
Pipe ‘ 2 2-3 2-3 _
Etam 2 2 1 2 1 2
3~Ala 3 -2 1 1 1 1 1
4-Aba Tr 1 1 1 3 1
P~ser 2 1 2 2 2 2
Orn -Tr ' Tr
2,3-Di : ' , Tr
Ul :
u2 '
03 - ' Tr - Tr
U4 '
U5 2 1 1 Tr 1 1
U6 :
u? o , 2 ' 1 1
us : S ; 1 1
U9 : : ' _ Tr
Ulo0 : '
Uull
Ul2
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Free amino acid composition detected by two-

Table 10 (contd.).
dimensional paper chromatography compared
with amino acid analyser results. Organs
assayed were bracts (Br.) and florets (Fl.)
from localities Mkambati (Mk.) and
Kirstenbosch (Kir.). B
P. roupelliae
Br. AA % Br. AA % Fl. AA % Fl. AA %
(Mk) (Kir) (Mk) (Kir)
Gly 2 2 2 2 3 1 3 1
Ala 4 10 3 6 3 4 3 5
Val 3 6 2 .5 3 5 3 4
Leu . 1 1 1,5 1
Ile 3 3 2 2,5 3 3 2 2
Arg 1 2 Tr 2 6 1 2
Lys 1 Tr 6 3 2 1 2
Asp . 3 ‘1,5 3 3,5 2 1 3 4
Glu 2 . 3-4 19 3 4 4 21
Asn 4 26 3 16 4 28 4 22
Gln 3 7 2 4 4 11 3 7
Ser - 4 ‘12 3 8 4 7 3-4 6
Thre 1 2 1 2 2 2 1 2
Pheala 1 1 1 1
Tyr 1 1 1 2
Pro 3 5 3 8 3 9 3-4 11
Hypro 1 Tr 1
Trp 3 6 2 1 2 2 2 1,5
His 1. 4 Tr 3,5 3 6 1 3
Cys
Cys-cys 1 1 1 1
Met 1
Pipe Tr Tr 1
Etam 1 -3 1 3 2 2 2 1
3-Ala 2 1 2 1-2
4-Aba 3 6 1 3 2 2,5 2 3
P-ger 2 2 2 1-2
Orn 1
2,3-Di
Ul 2
u2 -
U3 Tr
u4
U5 Tr
U6 ’
‘u? 1 Tr 1
[f:] 1 Tr 1 1
u9 Tr
U10
U1l
Ul2
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Discussion of results

Amino acid analfser results for each amino acid are expressed as
a percentage of the total area of‘the hitrogenous compounds ~that
- reacted with‘nitrogen. In the figure they are given under the
abbreviated heading AA % , and are compared with the results
given by two-dimensional paper chromatography. Their totals do
not add up to 100 % as there were several small wunidentified
peaks vén the printoutvof results, whiéh could have been due to
pigments in thé'extract, or of amino acids with concentrations

too low to be expressed as a percentage.

The results for P, eximia.ére a comparison of the free amino

acids detected by assayé doné_in June and August, denoted by (6)
and (8) respedtively. The P. magnifica samples were from plants
gfowing in different garden beds, L7 and L15, in the protea

garden at Kirstenbosch and, accbrding to plant records, originate

~_ from different localities. Results for P. roupelliae are given
for the bracts (Br) and florets (F1) of an inflorescence picked
in the Mkambati Game Reserve in Pondoland, Republic of Transkei ;

this 1is abbreviated as (Mk), compared with the same material

collected two days later from P, roupelliae grdwing at

Kirstenbosch and abbreviated (Kir).

As found by Lewis and Stock (1978), the main amino compound
detected by the amino acid analyser was ammonia, and the
concentrations of free amino acids present was very low. Results

for ammonia are not given, and the values for the amino acids
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detected are calculated as a percentage of thevtotal minus the

ammonia peak area.

On paper chromatograms Ile and Leu are located as one spot @nd
are allocated only one concentration value. However, the’
- analyser gives values for individual amino acids, and in most
cases thevconcentration‘of Ile was at least double that of Leu.
Met and Vél also had very similar Re values and could not be
identified separately by two-dimensional paper chromatography.
The analysér results in Table 10 show-that a small amount of Met
was detected in P. eximia foliage in August, in P. magnifica

foliagé from_both localities, and in P. roupelliae bracts from

Kirstenbosch. P-ser values could not be accurately determined
since a pigment was present with the same retention time as p-ser

(L. Powrie pers. comm.).

Possibly due to a slight change in buffer compositions, since the
results are given for assays done at ‘different times, and
depending on the ammonia concentration detected, the correlation
between the automatic amino acid analyser values and
concentrations allocated to the amino acids located by paper
chromaﬁography were. not as good as were expected. The only
'correlatidn between the two sets of results was an indication of
which amino acids were present in the greatest and lesser
concentrations. Often an amino acid detected in trace amounts by
paper .chromatography was. not - detected by the analyser in
_concentrations great enough to be expressed as a percentage. An

advantage of the analyser results was that the relative
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_concentrations of 1Ile and Léu could be quantified and the
presence of Met detected ; in addition, the identity and relative
concentrations of the basic amino acids, loéated as an extended
spot by paper chromatography, could be determined. However, the
possible identity of the unknowns could not be detefmined from

the analyser printout.
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4. Free amino acids present in Protea hybrids and their

phenotypic parents

The free amino acid composition of Protea hybrids growing in the
gardens at Kirstenbosch, and of some cultivated at Tygerhoek
Research 1Institute for commercial purposeé were determined and
compared witﬁ that of their phenotypic parent spécies. The
purpose of this study was to determine which free amino acids
occur, and to test an hypothesis that since the frée amino acidé
in hyBrids are genetically détermined from the parents, they
are useful markers for identifying hybrid parenté. This study
could also indicate the taxonomic value of free amino acids ' in
'general. If the free amiﬁq acid composition of the hybrids
éannot be explained from the free amino acid composition of its
parents, it could mean thaf its expression is determined to a
greater extent by environmental or other factors rather than from

' genetic determination.

The ability to hybridize is a measure of close relationship, so
that this characteristic becomes taxonomically more valuable or
critical when it can be used differentially (Stace,1980). An
axiom of genetics is that genés located on the same chromosome
are genetically linked, so that combinations of alleles which are
preseht in the pafental genotypes appear more frequently in
progeny of hybrids than do new combinations (Stebbins,1971).
Thus if the parents of a hybrid are homdzygous for the alleles
produéing the enzyme responsible for the synthesis of a specific

amino acid, one would -expect the hybrid to contain all the amino
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acids present in both parenté. However, due to genetic or other
influences, the chafacters of a hybrid may not always be
vintermediate between both parents,"but much nearer to one parent
than the other, or even indistinguishable from one and , as_well
-as possessing the cémpounds of both parents, hybrids sometimeé

anabolize new substances present in neither parent (Stace, 1980).

- In Tables il & 12 the Protea species and hybrids studied are
listed. In.Table 12, the identification number (I.D. no.) of the
pérent species as listed ih Table 11 is given, e.g. hybrid no. 1
- (H1) is a cross between parent species no. 2 and no. 7 as lisﬁed

in Table 11 and its I.D. no. is thus 2/7.

Tables 13 - 16 show the results obtained from two-dimensional
' paper chromatographic étudies “of Proteé hybrids and their
»phenbtyéic parent species. The results show the free amino acids
and their concentrations detected in foiiage (Tables 13 & 14) and
in'floretsv(Tablés 15 & 16). In Tables 13 and 15, the I.D. nos.
of. the parent species are given below the number denoting the
name of the hybrid." In Table 15, the results in column H7 (a)
~are for the hybridbno. H7 (Tablé 12) assayed in March, and those

in column H7 (b) are for the same plant assayed in September.

From the concentrations of thevfree amino acids detécted in £he
hybrid and parent species, correlation coefficients were
determined between the parent species of each hybrid, between the
hybrid‘and each parent, and between a theoretical hybrid and the
hybrid, where tﬁe free amino.acid.composition and concentratidhs

for the theoretical hybrid were calculated from the sum of the
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cpnceﬁtration value of each amino acid detected in the parent
species divided by two. Even when an amino acid was detected 1in
‘only oﬁe pareﬁt species; its concentration was divided by two, so
that every free amino acid detected in either or both phenotypic
parent species of each hybrid was considered to be present in the
theoretical hybrid. These correlation coefficients are presented

in Table 23.

1To make it easier to interpret'the results presented in Tables 13
- 16, the free amino acids detected in the foliage and florets of
some Prqtea hybrids and their phenotypic parent species .are
'presented separately in Tables 17 - 22, An asterisk was placed
next to the amin; acid ‘concehtrations which could not be

‘reconciled with the hypothesis that free amino acids in the

hybrid are derived from either or both parents.
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~Table 11.

~List of Protea species studied.

Name of Protea species

No.
1 P. burchellii
2 P. compacta
3 "P. cynaroides
4 P. eximia
5 P. laurifolia
6 P. longifolia
7 P. magnifica
8 P. neriifolia
9 P. pudens
10 P. repens
11 P. roupelliae

12 P. susannae
Table 12. List of Protea hybrids studied.
No. Name of hybrid - I1.D. no.
H1 P. compacta x P. magnifica ' 2/7
H2 P. cynaroides x P. repens 3/10
H3 P. eximia x P. roupelliae : 4/11
H4 P. eximia x P. susannae ‘ _ 4/12
H5 P. magnifica x P. burchellii 1/7
H6 P. magnifica x P. laurifolia 5/7
H7 P. magnifica x P. susannae 7/12
H8 P. neriifolia x P. minor : 8/(6/9)

P. repens x P. neriifolia 8/10
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Table 13.

Distribution of free amino acids in Protea hybrid

foliage.

The

numbers

indicate

amino

acid

. concentration on an arbitrary 5 point scale. Table 12
gives the identity of the hybrids studied (H1 - H9).
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Table 14. Distribution of free amino acids in foliage of Protea
species. The numbers indicate amino acid
concentration on an arbitrary 5 point scale. Table 11
gives the identity of the species studied. ' o
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Table 15. Distribution of free amino acids in Protea hybrid

' florets. The nunbers indicate amino acid
concentration on an arbitrary 5 point scale. Table 12
gives the identity of hybrids studied. ‘ '
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Table 16. Distribution of free amino acids in Protea florets.
) ’ The numbers indicate the amino acid concentrations on
an arbitrary 5 point scale. Table 11 gives the identity

of the species studied. : o

W
N
N
~
[ ]
[
o
[
[
[
N

TN
N

I
w

Gly 1
Ala ' -

Val
Leu/Ile
Arg

Lys -3
Asp
Glu 4
Asn
Gln
Ser
Thre
Pheala
Tyr
Pro
Hypro
- Trp
His
Cys
Cys-cys ' Tr
Pipe
Etam
3-Ala
4-Aba , 1
P-ser
Orn . T
2,3-Di '
01l ' ‘ : , R 1
U2 :
U3 , ' Tr - 2-=3
U4 ' 3 2
‘U5 , 2 , 1 Tr Tr
U6 v . ‘
u?7 ' : ‘ 1

U8 ' -1 1 1 1 1 -2
U9 v Tr

Ulo
Ull
012

N
w w
]
> b
-

w W |
w

NN
|
ww

N

HFWWwWwkacNDWIE Ww
w

=Y

=3
RFWwWwWwabdR R EPEPWNDI

=

[8)]
=l whbad i ww
]

]
8,00 -

o
>

> > W
adwWwWs b

N O
U‘,
WWwWwkebdbNNDFWWILN

w
=Y
w
=l WhbhbWHEREREMWWW

N

1-2

NP WRWI & Wwww

-3
=3
H
[ &)

NN R
]
I
w

3-4

N
N
>
>
!
w
w
i
>

- W

-3

H
DWW

]

H

=N

N

=N

-3

=

-
)
w W
-
NN
N
-
|~
N

2-3

)

H
NN

t
N W

(o]

RN PP W
=
|
[ )
[ )

64



Table 17. Free amino acids detected in the foliage and florets of -
the hybrid P. compacta x P. magnifica and its

phenotypic parent species. (Identities of the numbers
.are given in Tables 11 & 12) :

Foliage _ _ Florets
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Table 18. Free amino acids detected in the foliage and florets of
the hybrid P. eximia x P. roupelliae and its
phenotypic parent species. {(Identities of the numbers
are given in Tables 11 & 12)

Foliage Florets
4 4/11 11 4 4/11 11
Gly 2-3 2 Tr 1-2 2 3
Ala : 1 1-2 Tr 2 3 3
val Tr - Tr 3 3 3
Leu/Ile Tr Tr 1 2 2
Arg _ : ' Tr 2 1
Lys : Tr Tr 2 1
- Asp 3 3 3 4 3 3
Glu 3 3-4 3 -4 4 4
Asn . 2 3 4 4
Gln . ' Tr - Tr 3 4 3
Ser 2 2 -3 4 3-4
Thre - Tr 1 1 1
Pheala Tr* '
Tyr _ Tr 2
Pro =~ Tr ' Tr 3 3 3-4
Hypro 1 1 1
Trp 3 2 2
His 2 3 1
Cys :
Cys-cys Tr 1
Pipe : 1
Etam ‘ ’ 1 2 2
3-Ala 1 ' 1 1 1 1-2
4-Aba Tr : 2 © 2
P-ser 2 2 2 1 2 1-2
Orn : : _ Tr*
2,3-Di o : ,
Ul : 1* .
U5 ' 1 1-2 , Tr Tr
us : 1 1 1
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Table 19. Free amino acids detected in the foliage and florets of
the hybrid P. eximia x P. susannae and its phenotypic
parent species. (Identities of the numbers are given in
Tables 11 & 12)

Foliage v ' Florets
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Table 20. Free amino acids detected in the foliage and florets of
the hybrid P. magnifica x P. burchellii and its
(Identities of
are given in Tables 11 & 12)

phenotypic parent species.

the numbers

Foliage

Florets

1 : 1/7

Gly
Ala
val _
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Arg
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Table 21. Free amino acids detected in the foliage and florets of
the hybrid P. magnifica x P. susannae and its
phenotypic parent species. (Identities of the numbers
are given in Tables 11 & 12)

Foliage Florets
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[
N

Gly

Ala

Val

Leu/lIle

Arg

Lys

Asp

~ Glu
Asn

Gln

Ser
Thre
Pheala

Tyr

Pro
Hypro
Trp

" His . 1
Cys '

Cys~-cys :

Pipe 2-3 2

Etam , 1-2*

3~Ala 1 1- :

4-Aba Tr 2 1

P~ser 2 2

Oorn Tr o 1-

2,3-Di Tr 1

Ul 1

U2 2%

U3 , o ‘

U4 : ' . ' . 2

U5 Tr o : 2 *

us ' - 1 1

3

[
= WN
w w
w W 1
LY
w
w |
8]
w

N
w

[
el Rad R DWW
N
w

wKN

I DWWWW
w
N

-
[\8)
(8]
[ N =
N &l
(8]
w N
[
= O

WK bR
-9
w

W e
Hwwwhaddbbbwil Ww i

Tr

-3
NN W

—
|
N
[
i
N
-

NN R

>

w
1

>

Iz
~
iz
]
=N

N
N
—
N
-

H NN
!
w w

1-2*

2]
-3
2]
-3
2] EPFNNRFRRFRWWI
* *
N
| N
w

=

»

=)
[l

69



Table 22. Free amino acids detected in the foliage and florets of
' the hybrid P. repens x P. neriifolia and its
phenotypic parent species. (Identities of the numbers
are given in Tables 11 & 12)

Foliage Florets
8 8/10 10 8 8/10 10
Gly 1 4 3 1 4-5 2
Ala 2-3 3-4 4 2-3 5 2-3
Val : _ Tr 3 2-3 4-5 3
Leu/Ile ' v Tr 2 3 4 3
Arg . , x 2 3 3 1
Lys- , 2-3 2 1-2 5 2
Asp 4 5 2 4 5 2
Glu 4 5 4 4 5 4
Asn _ 4 1 4 5 4
Gln ' 1 2 2 3 5. 3
Ser 1-2 4 3-4 3-4 5 -3
Thre ‘ Tr 2 2 1 3-4 1-2
Pheala * 1 2 Tr
Tyr Tr
Pro ~Tr 1 1 4 5 4-5
Hypro : , 2 2-3
Trp . 2 2 2
His : ' 2 -2 ' 5 1
Cys , . * _ 2 . 1 Tr
Cys-cys : ' 2* v Tr
Pipe ' 2 2 ' 1-2*%
Etam - 1-2 2 2 1
3-ala - ‘ : 1 - 1-2 1 3-4 1
. 4-Aba B 2 2-3 4 -3
P~-ser ' 2 2 2 2 2
- Orn _ Tr* 1 1 2*
2,3-Di a Tr ' 2*
Ul : 2 2 3x
U2 ' Tr 1*
U3 , Tr - Tr
U5 ‘ Tr* 1
7. ' v 2-3 1
- U8 Tr* - 2 1
U9 ' ' _ . Tr
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Table 23

Correlation coefficients (corr.coeff.) between parent
species (identity of the numbers are given in Table
11), between the hybrid (identity of the numbers are
given in Table 12) and each parent, and between the
~theoretical hybrid and hybrid (as in Table 12).

Hybrid | Corr. coeff.(r) Corr. coeff.(r) Corr. coeff.(r)
no. between parents between hybrid & | between theoretical
parent species hybrid & hybrid
Florets:
HI 2&7: 0,5 | HL&2 : 0,64 0,67
Hl1 & 7 : 0,51
H3 4 & 11: 0,81 H3 & 4 : 0,86 0,89
H3 & 11: 0,83
" H4 4 & 12 0,59 H4 & 4 : 0,83 0,86
H4 & 12 0,74
H5 1 &7 0,44 HS & 1 0,63 0,78
 H5 & 7 0,62
H7(a) 7 & 12 0,57 H7a& 7 : 0,73 0,92
: H7a& 12: 0,67
H7(b) H7b& 7 : 0,70 0,86
H7b& 12: 0,68
) 8 & 10: 0,78 HO & 8 : 0,72 0,77

H9 & 10: 0,70
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Table 23

Correlation coefficients (corr.coeff.) between parent

(contd.) species (identity of the numbers are given in Table
11), between the hybrid (identity of the numbers are
given in Table 12) and each parent, and between the
theoretical hybrid and hybrid (as in Table 12).

" Hybrid | Corr. coeff.(r) | Corr. coeff.(r) | Corr. coeff.(r)

no. between parents between hybrid & | between theoretical
parent species hybrid & hybrid

Foliage:

H1 2 & 7 0,77 H1 & 2 : 0,76 0,81

- H1 & 7 0,78
H2 3 & 10: 0,49 H2 & 3 : 0,41 0,64
H2 & 10: 0,62
H3 4 & 11: 0,77 H3 & 4 : 0,82 0,88
: H3 & 11: 0,86
H4 4 & 12 0,71 . H4 &« 4 : 0,51 0,74
:  H4 & 12: 0,79

HS5 1 & 7 0,91 H5 &« 1 : 0,79 0,81
HS &« 7 : 0,80

H6 5 & 7 0,82 H6 & 5 : 0,85 0,90
H6 &« 7 : 0,89

H7 7 & 12: 0,83 H7 & 7 : 0,77 0,81
: H7 & 12 0,75

H8 8 & 6 0,90 H8 &« 8 : 0,80 0,83
: H8 &« 6 : 0,79

8 & 9 0,81 H8 & 9 : 0,74 0,83

H9 8 & 10: 0,56 H9 & 8 : 0,74 0,72
v H9 & 10: 0,52
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Discussion of results

From the feSults'pfesentéd in Tables 13 - 16, the free amino acid
'_compositionbof'the foliage Aﬁd fiorets'of Protea hybrids and tﬁéf
of their phenotypic-pérent species is. compared. Siﬁce free aﬁino
‘écid compoéitiqn is genetically determined, it would be expeéted
that the pfeSehce and éssociation of certain free amino acids in

the hybrids would be reflected in either or'Both parents.

The identity ~of  P. minor, hybrid no.H8 in Table 12, was

uncertain, therefore both P. Eudens and P. longifolia, which have
both been described as P. minor (Rourke,1979), were assayed as

parent species.

A'_very_ low number of free amino acids was detected in- P,

roupelliae (Table 14 no. 11).'when it was assayed with ' the

hybrid_(Tablevl3 no.H3) and P. eximia (Table 14 no.4) in July,

1985 ;. many more amino acids were detected in its foliage when
:ﬁsséyedvseven months later. However, the results are presented
for the- éssays done at the same time ; this was not always

possible for all the species and plant organs assayed. Column H?7
(a) in.Table 15 gives'the results of florets assayed in March,
and column H7 (b) of those assayed in September for hybrid no. H7

‘as identified in Table 12.

Glu, Aép, Aia,_Sér,'Val, and Pro were detected in the foliage of
él} hybrids asséyéd (Table 13). Glu, ASp,and Ala were deteéted
in the foliaée of all pérent spécies (Table 14). There waé'-ani
increase in the number as well as a general elevation of .the

- concentrations of free amino acids detected in the florets of the
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bhybrids and their parent species studied. - In the florets, Gly,
Ile/Leu, Arg, Lyé, Asn, Gln, and Thre were detected in all
.hybrids (Table 15) in addition to Ala, Val, Asp, Glu, Ser, and
Pro wﬁich were detected in the foliage of all hybrids, 'witﬁ a
noticeable elevation in thé éoncentrations of Pro. Apart from
Arg,. all the protein amino acids detected in the florets of all

hybrids were detected in those of all parent species too.

Pipe was detected in thé florets of HY9 oﬁly, but was detected
more frequently in the foliage of the hybfids, including that of
H9. .Onbthe'other hand, Etam was detected in the florets of ali
hybrids aésayed; but was detected less frequently in the hybrid
foliage. These trends were‘notea for the parent species as well,
where Pipe wés detected more frequently in foliage than in
florets, and Etam was detected more frequently in florets than in

foliage.

Of the unidentified amino acids,' U8 was detected in all hybfid
'flqrets, and U3 in all except those of H3 ; both were detected
less frequentiy in the hybrid foliage. The same appliéd for u8,
but ‘not U3, in the parent species. U5 was detected more
frequently in the foliage than in_floréts of the hybrids, but was

common only to the florets and foliage of parent species no.7.

.Once.the identificatign of the unknowns is determined, éloﬁg with
the role of the non-protein amino acids detected, their presence
or absence may.be just an indication of the metabolic state of
the plant at the time.the material was collected and assayed.

However, their presence and/or accumulation in the plant, and the
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~organ in which they are found, may be genetically determined, and

thus be of chemotaxonomic use.

More free . amino acids were detected in the florets of hybrids
than in the florets of the parent species. This was not always
the case in foliage. On average, more free amino acids were
detected in florets than in féliage ( average no. in florets was
22,9 vs. 17,1 in foliage ; averade no. in hybrid florets was 26,5
vs. 19 in hybrid foliage ), thus making florets a better choice

as organ for analysis.

For an easier visual inspection of the data aéidiscussed above
and presented in Tables 13 - 16, the ffee amino Acid composition
and concentratiéns detected in the foliage and florets of hybrids .
and their phenotypic parent species are compiled in Tables 17 -
22, As an ‘additional means of their analysis, correlation
coefficients were determined for the amino acid concentrations
between (i) the phenotypic parent species of each parent, (ii)
the hybrid and each parent species, and (iii) a theoretical
hybrid énd the hybrid. The free amino acid concentrations for
vthe "theoretical hybrid were determined from the sum ,Of each
amino acid concentration detécted.inithe parent species divided

‘by two, even for an amino acid detected in only one parent.

In determining the correlation coefficients (r) from the results

shown inv Tables 13 - 16, trace amounts were allotted a
. concentration value of 6,5 » and a concentration of e.g. 3 - 4
was taken to be 3,5. Where an amino acid‘wag not detected, a
value of 0 was allotted. This was not considered to be an
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altogether satisféctory method, because it is possible that if
larger quantities of plant material had been wused, those free
amino ‘acids not detectéﬂ by the methods uséd might have been
_detectéd in proportionally lower concenfrations. However, the
interpretﬁtion of the results presented throughout this thesis
are based on the preéence (i.e. detection by the methods used) or
absence of free amino acids in the plant méterial assayed, so
that this assumed far greater significance than was allowed‘ for
in determining the correlétion coefficients. In all cases, the

same vvquantity of plant material was analyzed to validate

comparisons.

In Tables 17 - 22, an asterisk is placed next to the amino  acid
concentrations which could not be reconciled with the hypothesis
that the free amino acias in the hybrid'are_ derived from the
parents. In some cases, an amino acid was detected in the parent
species but not in the hybrid. For example,.His was detected in
the foliage and florets of both parent species (Table 17), but
was not detected at all in the hybrid. Often, an amino acid was
deteéted ‘in both florets and foliage in the hybrid, but only in
one.parent speéies and in different organs for each parent. - "An
examplé. of this can be seen in Table 20, where Orn was detected
in the hybrid foliage and florets, but only in the foliage of
parent species no.7 , and only in the florets of parent no.l . In
this case,  the hYbrid was also obviously able to produce or
accunmulate higher concentrations of this amino acid than its

parents.
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In most cases, the asterisk emphasized free amino acids that were
vdetected in the hybrid only and not in either parent. This could
indicate genetic control of the production or accumulation of the

relevant amino acid(s) independent of the parent species.

From Table 23 the following interpfetatiens of the data.presented
in Tables 17 - 22 can be made. In florets, the highest r values
were betweene'the hybrid and the theoretical hybrid, and these
values_ were greater tﬁan r velﬁes between the hybrid and ite
parent species, which in turn were greafer than r values between
the‘;perent species. H9 was an exception, where r between the
parent species was almost equal to r between thev theoretical
_hybrid and their .hybrid, .and only slightly bettef .then the
correlation ‘between the hybrid and parent species. The close
‘similarity between the r velues for H9 thus implies that free
amiho acids ewould not. be vsuitable markers for detecting

chemotaxenomic differences in that plant.

There weS' a very good correlation in florets between the
theoreticel hybrid and hybrid except for Hl. The correlation
between the florets of each hybrid and its parent species was
.very similar for each parent except Hl. This also casts doubt on
the suitability of using free amino acids as a means of
identifyingxthe parents'of Protea hybrids. This point was proved
.when an attempt was made to identify the parents of HS8. P.

minor, one of the parents of hybrid HS, coﬁld either refer to

|

longifolia or to P. pudens as both were earlier known as P.

minor. When the r value for the foliage of the theoretical
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hybrid between _HB and both sets of parents was calculated,
. exactly the same value (0,83 , Table 23) was obtained, This
"makes it impossible td decide whether the other parent of H8 was

P. lbngifolia or P. pudens.

'In' foliage, r valﬁes between the theoretical hybrid and the
-hybrid were greater than'those between the parents, except for H5
and H8 (parents 8 & 6). There was an identical correlation
between H8 and the theoretical hybrid determined from parent
vspecies 8 and 6,' or 8 and 9 (0,83). However, as stated
previoﬁsly, free amino acids are not much use chemotaxonomically
where r values are high betweeh the parent species or between the

hybrid and its parent species (e.g. H1 and H6, Table 23).

On average, r values between parent species is greater for the
foliage (0,76)  than for florets (0,63), thus implying that
florets would be the better organ to use for chemotaxonomic

evaluation, owing to gfeater differential differences.

- As can be séen from.the data presented in Tables 17 - 22, and
from the correlation coefficients in Table 23, there is generally
‘a . high correiatioﬁ between the parent species of the hybridé
assaYed, as well as a close qorrélation between the hybrids and
Itheir parent species. This augurs well for thevcomméfcial Protea
breeder; but not for the-chemotaxonomist. One would expect that
hybridization should wusually only take place between clbsely
related species. This éertainly holds as far as the occurrence
of frée amino acids in Protea is concerned. It thus appears that

the presence and concentrations of free amino acids in Protea
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' hybrids And their phenotypiC»parent‘spécies are_tOO similarﬁ'forbz) B

|  ;£hem,£o'bé:worthy markers for species identificationl
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5. CONCLUSIONS

Paper chromatography proved ﬁo be a cheap and _effective method
for_ determining qualitatively the free amino acid composition of
the material assajed, - provided thét sevefal chromatograms
covering a fange of plant'material concentrations were run, but,
vin addition, the qﬁantification of these results by aﬁtomatic
amino acid analyser was necessary for relevant conclusions to be

drawn.

More . free amino acids, with a general elevation in their
concentrations, were detected in young foliage buds when compared

with foliage at least a year old (52 vs. 29 average total

concentration units, Table 3). Differences in free amino acid
composition were detected in the various organs assayed ; most
free amino acids were detected in very young foliage, then

floréts.and roots, with a general elevation in concentration when
compared with those de£¢cted in foliage (average total
concentration units of 57, 48, 33 and 29 respectively, Table 7).
.fhese 'differences wefe also apparent between florets and bracts
féverage total concentration units of 48 and 32 respectivély,
jTable 7), and between vegetative foliage and foliage below .the
"inflorescence (average total cohcentration units of 27 and 23
réépectively, Table 7)‘ for plant matefial collected and assayed

simultaneously;

Free amino acid composition was similar in all ‘the species
»compared from different geographic localities, although

differences in their concentrations did occur. A better
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evaluation could be made, when the free amino acid composition of
more than one type of organ (e.g. foliage and florets) was
compared. Since plant.material compared was not always coliected
and assayed at the same time from each locality, the diffefences

that did occﬁr were attributed to seasonal effects.

Results from the simultaneous assays of roots and young foliage
(Taﬁle .7) do nof show differences in free amino acid composition
great enough to indicate seasonal Storage and translocation of
nitrogenbréserves,- in the form of free amino acids, from roots
‘to young shoots, as was detected in_grasses by Weinman (1940 and
1942). However, additional research using more samples may prove

" this to be indeed so.

The greatest effect seehed to be a seasonal résponse,. with an
increase in the number and concentration of free amino acids in
foliage, .from'abqut the end of August to February, irrespectiVe
of'vwheﬁher the plant was in a flowering of vegetaﬁivé phase.
Thig effect correlates with the_subtropical summer growth rhythm
- reported for proteoid species by Specht (1979) and Pierce and
Cowling (1984). Nowacki et al (1984) also found an increase in
the 1levels of free amino acids in sour cherry buds during spring
developmeﬁt,v which Qas not correlated with changes in protein
content. - As far aé is known, the poésible_ seasonal or
geograéhical Variations of free amino acids of the same species
has only been.investigated_by Murakami and Batanaka (1983), who
found no gqualitative. differences in the fern Asplenium

unilaterale. - SCiutio.wg al (1980) reported differences in basic
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metabolism, " as reflected in free amino acid coméosition} which
are related to the different stages of the life cycle in certain
: red'valgae species. In the Protea species studied; séasonal"
‘effect on the plant's metabolism could determine the quradic
rdétection of .éertain non-prdtein amino acids such as U6 in P.

cynaroides (Table 7) and in P, eximia (Table 8 (a)), and U10,

- U11 and U12 (cf. Chap 3.4 (b)), which were not always detected in

the foliage of g;'nitida'of P. cynaroides (unpublished results).

.,Inv the study of Protea hybrids and their parent species, the
genotypicv'pareﬁts of the hybrids studied were in most cases
'unkﬁOWn. Since .geographic locality did not seem to play an
. important role in influenciné free amino acid composition, it was
‘assumed - to be adequate to compare'hybrids with their pheﬁotypic
and not necessariiy their genotypic parent specieé. On average;
more free amino acids were detected in fiorets than in foliage
(22,9 vs. 17,1 ; 26,5 vs. 19_15 hybrids), thus indicating that

florets would be a better organ for analysisQ

Cdrrelation coefficients (r) were determined for the.free amino
acid concentrations (i) between the 'parent species of each
o hybrid} (ii): befween the hybrid and each parent species; (iii)
‘betﬁeeh a theoretical hybrid, possessing all the free amino acids
‘detected in both pérents.and at a cdncentfatioﬁ of hélf of tﬁeir
sum, and,each hybrid. In general, the r‘values were greétest
between the theoretiéal hybrid and the hybrid, and least between -
the parent species. Average r values for free amino acid

iconcentration between parent species were greater for the foliage
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(0,76) ‘than for:florets (0,63);. also indicating that flo;ets
would be the better organ for 'analysis, due to greater
~ differences., HeweQer, genefally similar r‘velues for the hybrid
and' each parent séecies indicated an equal genetic contribution
_from each parent, with similar free amino acid composition in the

_hybrid and parent species.

With few exceptions, Glu was detected 1in the highest
concentrations in all species, irrespective of type or age of
organ assayed, then Asp, Ala, Gly and Ser. In roots, Glu was

detected in the highest concent:atioh, followed by Asn, with much
quer Asp concentrations detected, possibly indicating the active
translocation of nitrogen reeerves (Weinman, 1940 & 1942 ;: Ta and
Joy, 1985). Pipe vwas detected in the roots of all species ‘
studied, even when it had not been detected in any other organ

(cf. P. eximia Table 7).

Most protein amino acids were present in higher concentratiens
Vthan non?p:eteinvamino acids, and were therefore detected more.
oftenivthan‘ the latter. TYr was detected more ofteh and 1in
elevated concentrations in foliage, while Pro concentrations were
highest in young foliage and.florets. The aecumulation of Pro in
various ‘plantvorgans is widely reported. Hong—Qi.gt gl (1985)
reported. the accumulation of Pro in the anthers of Petunia
hybrida during floral development until anthesis, and Nowacki et
v al ‘(1984) ‘reéorted that levels of Pro and Ser increasedA with
development of flower buds ; their results confirmed the theory

that Pro is stored as a source of soluble nitrogen as well as a
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~ translocation compound for the rapid growfh of tissues, which
appears td be applicable to Protea florets and'young foliage buds
‘as well. Pro accumulation in leaves during wafér» deficiency
stress (Patel ahd Vora, 1985) and other environmental stresses as
‘cited by Syvertson and Smith (1983), were not reflected in the

results from Protea foliage.

" The possible identification of U3, U5 and Ul0 is made from
references in the literature. U3 also had an Rg of 0,85 1in
phenol-water and stained a grey-green colour with locating agent,

when located in large concentrations, as with dimethyl histidine,

isolated from the red alga, Gracilaria secundata by Madgwick et
“al (1970).. It was usuallfldetected in only trace amounts as
denoted vby_ a faint purple spot after 24 hours at room
temperature. U5 is tentatively identified as homoserine from its
iposition with regafd to other already identified amino acids, as
depicted by Fowden (1958). It was detected mainly in the foliage
-and bracts of Pfotea, énd has a function in commén wifh Asn, viz.
the btranslocation and mobilization of carbon and initrogen
reserves, in pea.leaves (Murray_1983 ; Melcher, 1985 ; Ta and Joy
1985 ; Ta, Joy and Ireland, 1985). U10 meets the identification
criteria of « -(Methylenecyclopropyl)glycine, first locéted» and

isolated from litchi seeds by Gray and Fowden (1962).

From the results presented, it would seem that the metabolic
state of the plant influences the composition and concentrations
of the free amino acids detected, in other words amino acids are

actively used or produced as metabolites. Consequently, amino
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‘acids may not be very dependable as taxonomic indicators in
vProtea._. If .free‘ amino acids are to be used as chémotaxonomic
indicétors, factors that may influence the metabolic state of thé
.plant will have to be minimised, and the follbwiﬁg points should
be conéidered :

(a) use the same type'df organ ;
- (b)  use material of the same age ;

:(c) collect material at the éame time of year to eliminate
seasonal vafiations ;

(d) geoéraphic locality does not seem to affect 'amino acid
composition ;

(e) piant material compared must be either_ali.in the flowering

phase'or all in‘the vegetativevphase.'

Most of the requirements set above would be met if florets were
assayed for amihd acids. In general, the seasonal variations
obgerved in ahino acid composition of florets were minimal
v comparéd | with thét .observed 1in leavesv and other organs.
Cdnsequently, it is proposed thét‘florets would " be the most
' suitable organ for the analysis of amino acids aé chemotaxonomic

markers in Protea.

85



6. SUMMARY

Material from 28 Prbteavspecies and hybrids was assayed; and a
tbtal‘ of 40 free amino acidé were located by two-dimensional
paper chromatography, including 7 non-protein amino acids and 12
ninhydrin positive compounds that were unidentified. Extraction.
of the amino fréction wés with methanol-chloroform-water, and
group sepafation by a cationic exchange column of Dowex 50 resin
in the H™ forn was effective in éeparating both bésic and acidic
amino acids. Individual amino acid concentrations were
_ determined by allocating arbitrary concentration values,
.depénding-_dn spot size and colour intensity after development
with the lncating agent, after two—dimensional,_descending paper
‘.partition chromatography, with some results‘quantified by means
6f an .alpha autnmatic amino acid analyser. Quantification by
-amino acid analyser of the results_obtained by two-~dimensional
papern chromatography was useful_in determiningvthe identity of
the - free amino acids defected, but the correlation between the
concentrations as calculated for both methods wés‘not as good as

was expected.

" In evaluating the importénce .of free amino acids as
chemosystematic indicators, the effect of factnrs such as age énd
type of ofgan assayed, seasonal variations, geographic locality,
and végetative or flowering phase on their compositionv was
determined. The results showed that free aminb acid composition
and concentrations are indeed influenced by seasonal effects and
the type of organ assayed. Age was an important factor in

foliage especially, with more free amino acids being detected and
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~at higher concentrations in very young foliage when compared with
old (52 vs. 29 average concentration units). Geographic locality

did not appear to affect free amino acid composition.

There was a differenée in the number and concentrations of free
amino acids detected in the various plant organs assayed, these
being highest in very.young foliage and in florets. The average
arbitrary total concentration units detefmined for ninhydrin?
reacting components present, gave 57 concentration units for

young foliage and 48 for florets.

There was a generally good correlation between the free amino
acid composition of like organs assayed from the same species
from vérious geographic localities, with any discrepancies being

due to a guantitative rather than a qualitative difference.

The study of the free amino acid composition of several Protea
-speciés and hybrids was undertaken in.order to determine whether
'fhe free amino acids present in hybrids reflect all those of the
parent species. If they were genetically stable markers they
could be usefui as chemotaxononic ~markers, and as such
contributé towards the natural classification of this genus. The
free.iamino acid  composition of the Protea hybrids studied
reflected 'in general that of their phenotypic .parent species,
although some amino acids were detected in hybrids but not in

either parent and vice versa.

With few ekceptions, glutamic acid was detected in the highest

" concentrations in all organs assayed,. followed by aspartic acid,
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- alanine, glycine and serine.

vSeasonélﬁvariafions énd_tfpé:of‘o:gan_assayed-had a'marked effect
:56n.{émiﬂcryédia Cthpsitidn; and if £his  ié' nof takent,iﬁ£o
'éénéidefétion;  aminoT ACids_ wéulé 'haveilimiﬁéd _valué in the
chéﬁotékbnbhy of1Prqteé. 'Bééaﬁse the free amino acid cpméqsitién
;of-flﬁréts.wéé shown'tq be scaréely affected.by'the parémeters
“ftésted, 'flbréts' wouldvbe the'ﬁost reliéble'organ,to'assay és na<

source of free amino acids as taXohomiciindicators in Protea.
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