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Studie bilkovinnych znakd étyé druhd rodu Phaseolus se zietelem k otazee jejich
iylogenese

Byla provedena kvantitativni a kvalitativni analysa bilkovinnych znaki
z déloh v semenech a z hypokotyld + kofinku (primérniho kofene) naklitenych
semen téchto druhiu: Phaseolus vulgaris L., Phaseolus coccineus L., Phaseolus lu-
natus L., Phaseolus aureus Roxs. s témito vysledky:

1. Fazeolin téméf shodny je v délohach druhti Phaseolus vulgaris L a Phaseolus
coceines L.; u druhti Phaseolus lunatus L. a Phaseolus aureus Roxs. chybi.

2. Byla stanovena bilkovinna slozka ,,Phaseolus protein II1‘, ktery je obsaZen
v hypokotylu -- kofinku druhtt Phaseolus vulgaris L., Phaseolus coccineus L.,
Phaseolus lunatus L.; u druhu Phaseolus gureus Roxs. chybi.

3. Jo znovu potvrzena skuteénost nestejné 3ife taxonni (skupinové) specifity
bilkovinnych znakf. Tato skuteénost je uvadéna v souvislosti s relativnim fylo-
gonetickym stdfim znakd. Na zaklad® toho bylo sestavenc vyvojové schéma
uvedenych druhi.

Summary

The results are discussed of a quantitative and qualitative analysis of the
protein characters of seed-enclosed cotyledons and of hypocotyls + roots (of
the primary root) of germinated seeds of the following species: Phaseolus
vulgaris L., Phaseolus coccineus L., Phaseolus lunatus L., Phaseolus aureus
Roxs.

*  Address: Ustav experimentdlui botaniky CSAV, Na cvigidti 2, Praha-Dejvice.
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1. A practically identical phaseolin was found in the cotyledons of Phaseolus
vulgaris L. and Phaseolus coccineus L., being absent in Phaseolus lunatus L.
and Phaseolus aureus RoxB.

2. A protein component described as Phaseolus protein III was found in
the hypocotyl + root of Phaseolus vulgaris L., Phaseolus coccineus L. and
Phaseolus lunatus 1.; it was absent in Phaseolus aureus RoxB.

3. The inequality of breadth of taxonic (group) specificity of the protein
characters has been confirmed anew. This fact is discussed in connection with
the relative phylogenetic age of the characters. On the basis of the results
obtained a developmental scheme of the studied species is proposed.

Introduetion

The present paper contains a unilateral analysis of the protein components
(in comparison with Phaseolus vulgaris L. only) of four species of the genus
Phaseolus: P. vulgaris L., P. coccineus L., P. lunatus L. and P. aureus Roxs.
The protein characters of the cotyledons and of the hypocotyl + root part
of germinated seeds were investigated.

Methods

Qualitative (immunoelectrophoresis — GRABAR, WiLLiams 1953 in Sgvakin and co-workers
modification 1958) and quantitative (quantitative ring precipitation — Koz 1960b, 1961a)
serological methods were used.

Protein antigens for testing as well as for immunization were prepared in the following two
ways.

1. From dry, non-germinated seed cotyledons freed of germ and seed coat (reserve proteins):
The cotyledons were ground to a fine powder and deprived of fat by rinsing twice in acetone
(1 : 10) and twice in ether for 3 min. with thorough stirring and brief centrifugation afterwards.
The whole operation took place below 0° C.

2. From hypocotyl - root, i.e. from the subcotyledonous parts of seedlings (4 to 5 days of
germination at ¢. 23° C). The isolated subcotyledonous parts were pulverized by homogenization
in a knife homogenizer with cooled acetone passing through a Buchmer funnel, washing with
cold ether and drying. The dry powdery preparations of both cotyledons and of the subcotyledo-
nous parts were kept dry (in a desiccator over silica gel) and in the cold at about 3° C.

Crystalline phaseolin was prepared from the seeds of Phaseolus vulgaris L. according to
BoUurDILLON (1949). Phaseolin from the seeds of Phaseolus coccineus L. was prepared in the
same way.

Protein extracts were prepared from the powders by extracting with physiological saline
(for immunization and quantitative ring precipitation) or with 0-5 M NaCl (for immunoelectro-
phoresis of cotyledon proteins.) The éoncentration of the extracted material in solvent was
adjusted to contain about 10 mg. protein/ml. for immunization, about 3 to 4 mg. protein/ml.
for the quantitative ring precipitation and about 50 mg. protein/ml. for immunoelectrophoresis.
The extraction was carried out for several hours, the material pressed in a piece of silk cloth
where necessary, the extracts centrifuged, and protein estimated by the biuret reaction. For
quantitative ring precipitation the extracts were diluted exactly to 1-5 mg./ml.

In order to obtain specific antisera, rabbits were immunized in the following way:

1. Rabbits immunized with proteins of the cotyledons of Phaseolus vulgaris L. were given
11 injections intravenously, a total of 70 mg. protein per animal within 42 days.
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2. Rabbits immunized with proteins of the hypocotyl + root received 20 injections (4 of
them with an alum adjuvant) intravenously, a total of 300 mg. per animal within 66 days.

Antisera against crystalline phaseolin were prepared by immunization of rabbits with 11 in-
jections of a total of 94 mg. phaseolin within 31 days. The antisera from four rabbits after im-.
munization were combined. They were treated in the usual way, freeze-dried and kept in the
cold and dry condition.

For immunoelectrophoresis the antisera (79%,) were repeatedly-added to grooves in an agar
plate (3 times at 40 min. intervals) in order to reinforce the effect,

Quantitative ring precipitation was carried out in several repetitions (with 4 antigen samples
and with 4 antisera, the figures shown in Table 1 representing means of measured values, Both
immunoelectrophoresis and quantitative ring precipitation were carried out according to the
references mentioned above. For further details of methods see Kroz 1960a, 1961b.

Results and Discussion

It may be stated that the immunoelectrophoretic pattern of the protein
characters is typical for the given species and organ (HarL 1959, Kroz 1961b).

Phaseolus vulgaris and Phaseolus coccineus contain phaseolin in their cotyled-
ons as the main protein character (Fig. 1, 2, 3 — see also Kroz, TurkovaA,
KrozovA 1961). The phaseolins of the two species are not immunochemically
distinguishable (see Fig. 1 and 2 and Table 2). They differ only in some physico-
chemical properties (e.g. phaseolin from Phaseolus vulgaris can be prepared
in the crystalline state by the above method which does not give a crystalline
preparation with Phaseolus coccineus; they also differ in their solubility at
low temperatures. The two phaseolings may thus be assumed to be at the
beginning of their differentiation. Since it is absent in Phaseolus lunatus and
P. aureus, it seems probable that phaseolin is a protein character relatively
young in phylogenesis. It may therefore be assumed that the species Phaseolus
vulgaris and Phaseolus coccineus are relatively closely related. This seems to
be sufficiently founded in spite of the fact that TAuBERT (ENGLER and PRANTL.
1891) place Phaseolus vulgaris and Phaseolus coccineus into different groups.
By the specificity of its protein characters, however (see Table 1 and the
immunoelectrophoretograms in Fig. 3) Phaseolus vulgaris is closer to Phaseolus
coccineus while Phaseolus lunatus and Phaseolus aureus are farther apart. This
is in agreement with the crossing capacity. It is possible to cross only Pha-
seolus coccineus with Phaseolus vulgaris.

Table 1. Intensity of quantitative ring precipitation in testing proteins of different Phaseolus
species with an antiserum against proteins of Phaseolus vulgaris L.

I cotyledons II hypocotyl + root
Phaseolus vulgaris L. 100 % 100 %,
Phaseolus coccineus L. 87-8 97-2
Phaseolus lunatus 1.. 51 79-0
Phaseolus aureus Roxs. 3-2 65-1
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Table 2 Intensity of quantitative ring precipitation in testing phaseolins isolated from seeds
of Phaseolus vulgaris L. and Phaseolus coccineus L. with an antiserum against phaseolin from
seeds of Phaseolus vulgaris L.

Antiserum against phaseolin from seeds of

Phaseolus vulgaris L. Intensity of reaction

%X phaseolin from seeds of Phaseolus vulgaris L. 12:06 = 1009,
X phaseolin from seeds of Phaseolus coccineus L. 12:35 = 102:359%,

These and further experiences, among them the disagreement between the
original classification of the studied species by taxonomists, on one hand, and
their genetic characters and the results of the investigation of their protein
characters on the other deserve further consideration.

The immunoelectrophoretograms reveal no significant differences between
Phaseolus vulgaris and P. coccineus (Fig. 3 and 4); by the quantitative method,
however, the two species can be distinguished with certainty (Table 1).

Differences in the reserve proteins between Phaseolus vulgaris and Phaseolus
coccineus and between P. lunatus and P. aureus are very striking when using
either immunoelectrophoresis or the quantitative method (Fig. 3 and Table 1).

Striking differences were observed between the reserve and the structural
proteins from the hypocotyl + root; these differences exist over an inequal
breadth of taxonic specificity. In this case the reserve proteins possess a nar-
rower taxonic specificity (they occur in a smaller range of related taxons), the
structural proteins of the hypocotyl -+ root a broader one (they occur over
a broader range of related taxons — see also Kroz 1961b; Kroz, TURKOVA,
KrozovA 1959).

We shall now consider the protein component of the hypocotyl 4- root
which moves farthest toward the cathode (marked with an arrow in Fig. 4).
It is a protein character which is clearly present in Phaseolus vulgaris, P. coc-
cineus and P. lunatus while it is absent in P. aureus. We shall designate it
tentatively Phaseolus protein III (it may be concluded that the Phaseolus
protein IIT has a broader taxonic specificity than phaseolin). Since the presence
of a certain protein character in a certain range of related taxons is taken as
evidence that the taxons possess a common phylogenetic ancestor (see also
Kroz 1961b), the following evolutionary scheme of these four species may be
suggested:

P. vulgaris P. coccineus
AN / P. lunatus
AN 7 / P. aureus
NS / /
phaseolin —->\ N / J/ 4

: N /
Phaseolus protein 111 —
M %

%
N %
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In our limited selection of species the Phaseolus protein III is characteristic
for American species (P. vulgaris, P. coccineus and P. lunatus) while both the
Phaseolus protein IIT and the phaseolin are absent in the Asiatic one (P. au-
reus). It can be assumed that phaseolin, too, is in close connection with the
geographic origin of the given species. It will be shown by further experiments
when more material is available, to what extent the present conclusions are
applicable to other species of Phaseolus (there are 190 of them, two-thirds
being of American origin — cf. IvaNov 1960). They might be considered to
be of general validity, however, as far as no convergence of the protein char-
acters and no loss of any protein character by mutation occurs. Convergence
in protein characters probably represents a very rare case as, for example,
in the partial agreement of the protein characters in some cases between host
and its parasite (FEDOTOVA 1944, DoUBLY et al. 1960). The question of the
loss mutations can be evaluated only when more material is available.
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1. Kitos (AucruTyT 9KcnepuMenTanbHOM Ootamukn UCAH, Ilpara)

Benrosbie npusnaku yersipex Bagos poga Phaseolus B cBsasn ¢ Bompocom mx

¢dunorenesnca
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ITpoBenen KosmuecTBEeHHKH N KaYeCTBEHHKH aHaNN3 0eJIKOBHIX NPU3HAKOB M3 CeMAROJeH
B CeMeHaX M W3 THNOKOTHJEH -+ KOPEImKOB (NEPBUYHOIO KOPHA) NPOPACTAIOMNX CeMIH
caenyloumx BupoB: Phaseolus vulgaris L., Phaseolus coccineus L., Phaseolus lunatus L,.
Phaseolus aureus RoXB. ¢ HEKeM3JIOKEHHEIMH Pe3yJIbTaTaMH:

1. QaseonmH NOYTH CXONEH B ceMAMONAX BHAOB Phaseolus vulgaris L. m Phaseolus coc-
cineus L.; y Buga Phaseolus lunatus .. u Phaseolus aureus Roxs. orcycrcrByer.

2. Onpenenen 6enKoBEHA KOMIOHeHT npoTend [II, KOTOPHIE cofep:KUTCA B TI'HIIOKOTHIIE
- wopewrxax Bunos Phaseolus vulgaris L., Phaseolus lunatus L., Phaseolus coccineus L.;
y Bufaa Phaseolus aureus RoxB. orcyTcTByer.

3. CHosa noxreep:kgeR PaKT HEOAMHAKOROH NIMPWHE TAKCOHHOH (IPyNNOBO#) crenudpmd-
HOCTH OeJIKOBHIX HPA3HAKOB. ATOT QAKT HPUBOJATCA B CBA3h ¢ OTHOCHTEJBLHEIM (uiiorene-
THYeCKHM Bo3pacToM mpusHaxoB. Ha ocHOBe aToro cocTas/ieHa cXema Pa3BUTHA NpHBeEfeH-
HHX BHIOB.



