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Studie bilkovinn~eh znakfi ~ty~ druh6 rodu Phaseolus se z~etelem k otfizee jejieh 
fylogenese 

Byla provedena kvantitativni a kvalitativnl anatysa bilkovinn~eh znak~ 
z di~loh v semenech a z hypokotylfi + ko~inkfi (primArnlho ko~ene) nakliSen:~ch 
semen t~ehto druhd: Phaseolus vulgaris L., Phaseolus coccineus L., Phaseolu8 lu- 
natus L.,  Phaseolus aureu8 l~oxB, s t~mito v~sledky: 

1. Fazeolin t ~ m ~  shodn~ je v d~lohs druhfi Phaseolus vulgaris L a Phaseolus 
coccines L.; u druhfi Phaseolus lunatus L. a Phaseolus aureus ROXB. ehybl. 

2. Byla stanovena bilkovinng~ slo~ka ,,Phaseolus protein I I I " ,  kter:~ je obsa~en 
v hypokotylu-k  ko~inku druhfl Phaseolus vulgaris L., t)haseolus coeeineus L. ,  
Phaseolus lunatus L.; u druhu Phaseolus aureu8 l~oxm chybl. 

3. Je  znovu potvrzena skuteSnost nestejn~ ~i~e taxonni (skupinov~) specifity 
bilkovinn~eh znakh. Tato skuteSnost je uvAd~na v souvislosti s relativnim fylo- 
genetiek#m stA~im znak~l. Na zgklad~ toho bylo sestaveno v~vojov6 seh6ma 
uveden3fch druh~l. 

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 
ROXB. 

* Address: ~s tav  experimenthlul bot~niky ~SAV, Na cvi6i~ti 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 
Phaseolws lunatus L.; 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. 

Introduction 

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 ROXB. 
The protein characters of the cotyledons and of the hypocotyl ~ root part 
of germinated seeds were investigated. 

Methods 

Qualitative (immunoelectrophoresis - -  G R A B A R ,  WILLIAMS 1953 in ~KVAfi-rL and  co-workers 
modification 1958) and quant i ta t ive  (quant i ta t ive ring precipitat ion - -  KLoz 19601), 1961a) 
serological methods were used. 

Prote in  antigens for test ing as well as for immunizat ion were prepared in the  following two 
ways. 

1. F rom 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 acetono 
(I : 10) and  twice in ether  for 3 mill. wi th  thorough stirring and  brief  centr ifugation afterwards.  
The whole operat ion took place below 9 ~ C. 

2. F rom hypocotyl  -5 root, i.e. from the  subcotyledonous par ts  of seedlings (4 to 5 days of  
germinat ion at  c. 23 ~ C). The isolated subcotyledonous par ts  were pulverized by  homogenizat ion 
in a knife homogenizer wi th  cooled acetone passing through a Buchner funnel, washing wi th  
cold e ther  and  drying. The dry powdery preparat ions of bo th  cotyledons and of the subcotyledo- 
nous par ts  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 
BOURDILLON (1949). Phaseolin from the  seeds of Pha~eolu~ coccineus L. wa~ prepared in tho 
same way. 

Prote in  extracts  were prepared from the powders by  extract ing wi th  physiological saline 
(for immunizat ion and  quant i ta t ive  ring precipitation) or with  0"5 M NaC1 (for immunoclectro.  
phoresis of cotyledon proteins.) The doncentrat ion of the extracted mater ial  in solvent was 
adjus ted to contain  about  10 rag. protein/ml,  for immunization,  about  3 to 4 mg. protein/ml.  
for the  quant i ta t ive  ring precipitat ion and  about  50 rag. protein/ml, for immunoelectrophoresis.  
The extract ion was carried out  for several hours, the material  pressed in a piece of silk cloth 
where necessary, the  extracts  centrifuged, and  protein es t imated by  the biuret  reaction. For  
quant i ta t ive  ring precipitat ion the extracts  were diluted exactly to 1.5 mg./ml. 

I n  order to obta in  specific antisera, rabbi ts  were immunized in the following way: 
1. Rabbi t s  immunized wi th  proteins of the  cotyledons of Phaseolus vulgaris L. were given 

11 injections intravenously,  a to ta l  of 70 mg. protein per animal  within 42 days. 
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2. Rabbits immunized with proteln~ of the hypoeotyl + 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 (7%) were repeatedlyadded 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 
immunoeleetrophoresis and quantitative ring precipitation were carried out according to the 
references mentioned above. For further details of methods see KLoz 1960a, 1961b. 

Results and Discussion 

I t  m a y  be s ta ted  t h a t  the immunoelect rophoret ic  pa t t e rn  of  the protein 
characters  is typica l  for the given species and  organ (HALL 1959, KLOZ 1961b). 

Phaseolus vulgaris and Phaseolus coccineus contain  phaseolin in their  cotyled-  
ons as the  main protein character  (Fig. 1, 2, 3 - -  see also KLOZ, TURKOVX, 
KLozovX 1961). The phaseolins of  the two species are no t  immunochemica l ly  
distinguishable (see Fig. 1 and 2 and Table 2). They  differ only  in some physico- 
chemical properties (e.g. phaseolin f rom Phaseolus vulgaris can be prepared  
in the  crystalline s tate  by  the above me thod  which does not  give a crystall ine 
prepara t ion  with Phaseolus coccineus; t h e y  also differ in their  solubil i ty a t  
low temperatures .  The two phaseolins m a y  thus  be assumed to be at  the  
beginning of  their  differentiation. Since it is absent  in Phaseolus lunatus and  
P. aureus, it seems probable  t h a t  phaseolin is a protein character  relat ively 
young  in phylogenesis. I t  m a y  therefore be assumed t h a t  the species Phaseolus 
vulgaris and Phaseolus coccineus are relat ively closely related. This seems to  
be sufficiently founded in spite of  the  fact  t ha t  TAUBERT (ENGLER and PRA~TL 
1891) place Phaseolus vulgaris and  Phaseolus coccineus into different groups.  
B y  the specificity of  its protein characters,  however  (see Table 1 and  the  
immunoelec t rophore tograms  in Fig. 3) Phaseolus vulgaris is closer to Phaseolus 
coccineus while Phaseolus lunatus and Phaseolus aureus are far ther  apar t .  This 
is in agreement  wi th  the  crossing capaci ty.  I t  is possible to cross only Pha-  
seolus coccineus with Phaseolus vulgaris. 

Table 1. Intensity of quantitative ring precipitation in testing proteins of different Phaseolu8 
species with an antiserum against proteins of Phaseolus vulgaris L. 

Phaseolus vulgaris L. 
Phaseolus coccineus L. 
Phaseolus lunatus L. 
Phaseolus aureus RoxB. 

I cotyledons II  hypocotyl+root 

100 % 
87.8 
5.1 
3.2 

10o % 
97.2 
79-0 
65.1 
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Table 2 In tens i ty  of quant i ta t ive  ring precipitat ion in tes t ing phaseolins isolated from s e e d s  
of  Phaseolus vulgarls L. and  Phaseolus coccineus L. with a n  a n t i s e r u m  against  phaseolin from 

seeds of Phaseolus vulgaris L. 

Antiserum against  phaseolin from seeds of 
Phaseolus vulgaris L. In tens i ty  of reaction 

• phaseolin from seeds ofPhaseolus vulgaris L. 12.06 = 100% 
• phaseolin from seeds of Phaseolus coccine~ls L. 12.35 = 102.35~ 

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  -t- 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 hypoeotyl  -~ root a broader one (they occur over 
a broader range of related taxons - -  see also KLoz 1961b; KLoz, TURKOV.~, 
KLOZOVi 1959). 

We shall now consider the protein component of the hypocoty l -~  root 
which moves farthest toward the cathode (marked with an arrow in Fig. 4). 
I t  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 
tentat ively Phaseolus protein I I I  (it may be concluded that  the Phaseolus 
protein I I I  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 
KLOZ 1961b), the following evolutionary scheme of these four species may be 
suggested: 

P. vulgaris P. coccineus 
J P.  lunatus 

/ /  ~ P.  aureus 
\/ / / 
\, / / 

phaseolin ~ ~/ ii 

Phaseolus protein I l l  ~ \ 
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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 III  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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~ .  HJI03 (I/IHCTHTyT :~KCl~epHMeHTaJIhHOfi 60TaHHKI~ HCAH, Hpara)  

r)eJiI~OBbie IIpH3HaI~H qev~ipex BI~OB poRa Phaseolus  B CBn3H C BoHpocoM ~X 
~.~IOreHe3Hca 
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Hpone~e~ I~O~IHqecTBeHHhIfi H KaqeCTBeHHI~Ifi anay[~3 6enKOBbIX np~a~aKOB Ha ceMff~onefi 
B ceMeHax ~i n3 rHnoKoTHnefi-~ KopeuIKOn (nepnHquoro Kopna) npopacTammnx CeMaH 
cne~yiom~x BII~OB: Phaseolus vulgaris L., Phaseolus coccineus L., Phaseolus lunatus  L,.  
Phaseolus  aureus Roxm c HH~KeH3JIOZ~eHHhIMI~ pe3yJIbTaTaMH: 

I.  ~)a3eoJmH noqT~ CXOJIeH B CeMA~OnAX nn~on Phaseolus vulgaris L. H Phaseolus coc- 
cineus L.; y BH~a Phaseolus lunatus  L. ~ Phaseolus aureus RoxB. OTCyCTCTByeT. 

2. 0npe~ene~ 6eJIKonhI~ KOMIIOHeHT np0TeH~ III ,  ~0TOp~fi co~ep~nTCa B rIIiiOHOTIIJIe 
+ KopemKax BH~OB Phaseolus vulgari8 L.,  Phaseolu8 lunatu8 L., Phaseolus coccineus L.; 
y BH~Ia Phaseolus  aureus ROXB. owcywcwByew. 

3. C~oBa nO~ITBepm~oa ~aI~T Heo~II4HaI~OBOfi mHp~HU TaI~cOIIH0fi (rpynll0B0fi) ClIeI~H~Hq- 
HOCTH 6enKoBt~X npn3naKoB. ~TOT ~aKT HpHBOKHTCH B CBH3I~ C OTHOCHTe~ILH~IM ~HnoFeHe- 
THqeCKHM Bo3paCTOM HpH3HaKOB. Ha OCHOBe 3TOrO COCTaB~IeHa cxeua pa3BHTIIff IlpHBe~eH- 
HI.IX BHJ~OB. 


