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Sumrnn.ry. As p roviously report.cd, disorimination of olectropJwretic sc<·d albumin 
patkrns in t,Jio gonu,; Pisum (EP I - EP X) is baded 011 genotic variahilit.v of t l w S2 
albumin fraot iou Jll 'Ot,<"i ns (apprnx . M\,V 40 000) thut were shown to C"xlubi t Rimilar ,inti
gf'nic propf'rtics. Usin g the compotitivo ELISA the percentage of ant,igenio similarit ics of 
thP S2 frnd ions from sc·vcral Pi.sum forms, repn•senting diffcrent taxa and showing diffen·nt 
EP pattenls, was ddcrmincd. The experimon ts wero performed using two rnonospecific 
antisora, ono rniN<'d ngainst the S2 fraction from P. sativum form wit,h EP I , and anothor 
one - ng,1inst, the S2 frnction from P. aby8-';inicum form with EP IV. Wit.h the both 
antist·rn t I;,, ;;:1,mc onler of immunocltmnical similarit it~s of t he invest igated S2 fractions 
was found. Tito obta ined rm,ults aro discussed wi th reforonce to Pi81trn taxonomy. 

Extcnsive clcctrophorctic studies resulted in distinguishing ten electrophoretic 
seed albumin patternH in the genus Pi.mrn (EP I - EP X) (Przy by Iska et al. 
1977, 1984, 1985). Prot eins responsihlc for the observed variation were found to 
have molecular weight ca 40 OOO and to form a distinct fraction, called the 82 
fraction , which may he casily separated by molecuhr sieving (Jakubek, Przy
bylska 1979, Pnybylska et aJ. 1984). Recently, the S2 fractions from the 
Pisum forms reprcscnt,ing EP patterns I - X were showu to have similar antigenic 
properti es (1\ifonteHffe l, Przybylska 1987). In this work, immunoc:hemical 
similarities of the S2 fraction::; from sevcral Pisum forms, belonging to different 
taxa and showing different EP pattems, were quantitatively d~termined by using a 
sequential competition ELISA. According to the authors' knowledge, so far this 
.approach has not been used in plant chem:itaxo nomie investigations. 

MATERIALS AND METHODS 

PLANT MA'fERIAL 

The S2 albumin fractions werc isolated from the following Pisum forms, repre-
8enting different tnxa and various EP patterns: P. elatius W 805 (EP I) , P . elatius 
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Gat. 265 (EP IX), P. 8ativum W ll0 (EP I), P. 8atiinun VIR 1!187 (EP VII). P. ah11s
sinfr111n \V 808 (EP IV), P. fulvurn \V 1256 (EP V). />_ f11l'1!11111 -- "Pop,tlation l" 
(EP X). The Pi8°11rn fornu, were obtained frnm difforent :-;oun:e:-;: the Pi:-:um G-ene 
Bank at the Weihullsholm Plant Breeding Institute, Landskrona, SwPden (W); 
the Vavilov All Union Rcsearch Institute of Plant Indm,try, Leningrad, U:-;RR, 
(VlR); the Central Institute of Genetic:s and Crop Pla,it,,-, lk:-:ean:h of tlw Acadcmy 
of Scienccs of the GDR, Gatersleben (Gat.), and frnm the Dcpartmcnt of Bot.my 
of the J-lchrew Univernity, Jerusalem, L,mel (P. fulvu1n acccssio11 (:all<>d "Popula
tion l "'). The plant materiał was grown and rcjuvenatPd in a gn•frnhou:-;e at the 
Ins1 itute of Plant Gcnctics of the Polish A(:adem_v of S('.icnce:-: in Poznań. 

ANALYTICAL TECHXIQL'W, 

Preparation of the S2 albumin fractions. The S2 albumin fractions 
were isolated from total albumins of cotyledons of dry SPed:-; nsing gel filtration on 
Sephadl'x G 100, as previously described (Jakubek, Przybylska l\17!J). Protein 
conteuts in solutions were dctermined by the method of Lowry et al. (Hl51) using 
bovine serum albumin (BSA) a:-; a 8tandard. 

Antihody preparation. Antisera agairn,t the S2 frnction:-; from P. satimun 
W J 10 (anti-\V Jl O antiserum) and from P. abyssinicurn vV 808 (anti-W 808 anti
serum) were raised in rnbhits (Manteuffel, Przybylska 1!)87). The IgG fraction 
of the antisera wa8 precipitated by ammonium 8ulphate, dialy:-:cd again8t 
severa! change:-; of phosphate bu.ffered :-;aline, pH 7.4 (PBS) and :-;tored in aliquots 
at -20"C. 

Enzyme linked immuno:-;orbent assay (ELISA). A sequential 
compctition ELISA (Zettner, Duły 1974) was adapted to deJ.ermine antigenic: 
similarities of the S2 albumin fraction8 from different Pis"urn formR. Two antigens, 
i. e. the S2 albumin fraction from P. sativurn \V l JO (10 µg/rlll) and the S2 fraction 
from P. ahyssinicurn W 808 (I µg/ml), were 1rned, in :-:eparaki experirnents, for co
ating the mic:rotitre plates (VEB Polyplast, Halherstadt, GDR). Coating was per
formecl for one hour at 37°C and overnight at 4°C. After WfM,hing the plates with 
PBS-0.05% Tween 20, the remaining free binding site:-; were blocked by the ad
dition of l % BSA in PBS-0.05% Tween 20 (lh, 37'U). The antihody prcparations 
(5 µg/ml), preincubated overnight at 4°C with different amounts of the investig,1tecl 
S2 fractions (six concentrations in the range of O.Ol ~ 50 ~tg/ml), were applied to 
the plates coat,ec1 with the homologous antigen and left for two hourn at 37°C. 

Bmmcl antibodie:-; were deteeted with anti-rabhit, lgG covalently linkcd to alkal
ine phosphatase. The plates were incuhated with the enzyrne labelled antibodies 
(2h, 37°C) and then p-nitrophenylphosphate was added as the cnz_ymc substrate. 
After 30 min, the reac:tion was stopped with 3M NaOH and the absorption values 
were recorded at 405 nm with a speetrocolorimet,er SPEKOL (Zeiss, ,Jena GDR). 

The 50% inhibition concentrations, within the linem· range of the curve, were 
calculated and in each case compared with the homologous antigen-antibody 
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reaction (with both rtntisera). The S-shapecl curves were fitted by non-linear regression 
analysis on a KRS 4201 eal.culator (VEB Robotron, GDR) (He lbing, Meister 
- in preparation for the print) and the concentrations of particular antigens (S2 
fractions) necessary for 50% inhibition of antibody binding to the solid phase were 
printed. The results were calculated as follows : 

. . concn. of the ref. antigen * a t 50% inhib. 
% c:ross-reaet1v1ty = -- ---·····-·-·· • -·· •---- X 100 

0 
• concn. of a competitor at 50% inhib. 

BESULTS 

Figure 1 shows a dose-response curve obt,ained in the competitive ELISA, 
with the use of antibodies against t he 82 fraction from P. sativum W 110 (W 110 
antibodies) and different concentrntions of the 82 fraction from P. sativurn vV 110 
(W 110 antigen). The curve has a typical sigmoidal shape. The higher the concen
tration of the nompetitor the more antibody is prevented from binding to t he solid 
phase and the Iower are the measured absorption values. The coefficient of variation 
among triplicate wells was 5%, typical of most ELISA procedures. The antigen 
concentration required to inhibit antibody binding by 50% was 0.04 µg /ml. 

The cornpetition ELH:;A was used to t est the ability of the 82 fractions from 
different Pisurn fonns to bind to anti-W llO and anti-W 808 antibodies. Results 
obtained with both antibody preparations arc presented in Table 1. The 50% 
inhibition values ranged from 0.042 to 0.971 µg/ml with a nti-W 110 antibodies 
and from 1.14 to 23.1 µg /ml with anti W 808 antibodies, indiciit ing a higher titre 

E 
(405nm) 

Fig. l. Compotil,iv,, ELISA for the S2 fraction from lO 

Pisum sativmn W 110. ThP wolls of a microtitre p late 
were coated with tho S2 fraction from I'. sativum W llO o.s 
(W l lO antigen). Aliqiwts of anti-W 110 preparation 
(5 µg/ml) were prninc,ubated witlt a range of antigen 0.6 

i;; W 110 coneontnitions from O.Ol ~1g/m l to 50 µg/ml. 
ł The supcrrn1t.ants wm11 applicd to the antigcn -coated OA 

1 plate and bound antibodios were d otectcd by anti-
~'.. -rabbit I gG la b,dl<-cl with alkaline phosphatase and sub- 0.2 

,. sequent nm~y rnatio cleavagn of p -nitrophenylphosphate. 
:[ Colour dcvcl_opnwnt was tnrminat<><l by NaOH and 

m onitored a t 40:3 nrn 
- 2 -1 O 

log c [ug /mó J 

for the W 808 antiserum t han for the anti-W 110 antibody preparation. Apparently 
the W 110 antigen was more effeetive than W 808 antigen in the competition with 

* the n ,fon ·nci: :i.nt,igon , i . o. t he S2 frn,ction from P. sativum W 110 or from P. abyssini()um 
W 808, dcpond.ing on tltc antisenun used. 
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anti-\V 808 antibodies. No antigcnic difference could be found betwoen the S2 
fraction from P. sativwn \V 110 (EP I) and P. clatius W 805 (EP I) . However, 
in the case of other fractions clist.inc:t differenees were noted. It shoulcl also be strcssed 
that similar relationships were observed in the experiment.s wit.h different antisera. 
With both antisera the order of immunochemical similarities of the 82 fractions 
investigatecl, in terms of dccreasing cross-reactivities, was as follows: P. elrttius 
W 805 (EP I) and P . sativnm W 110 (EP I) -> P. elatius Gat. 255 (EP IX) -> P. abys
sinicum W 808 (EP IV) -> P. sativnm VIR 1987 (EP VII) -> P. fulvum W 1256 
(EP V) -> P. fulvum, "Population'' I (EP X). A graphical presentation of the 
result.s obtained with the use of anti-W ll O antiserum is given in Figure 2. 

P. elatius W 805 

P sativum W 110 

P elatius Gat. 255 

P abyssinicum W 808 

P sativum VIR 1987 

P fulvum W 1256 

P fulvum Pop. 1 

Fig. 2. Graphical presentation of immnnochcmical simila rit ies of 
the S2 fractions from clifforent Pisum forms. The percentago 
similarities ,vere determined by the competitive ELISA using 
th(• antiser-um against the S2 fraction from P. sativwn W 110 

(compnre Table I) 

Tab le I. Comparison of the S2 fractions from different Pisu.m forms with respect to thP- ability 
of binding to the antibodi es against the S2 fraction from P. satfoum \V 11 O and from P. abys

Binicum W 808 

.~nti-W 110• Aati-W 808• 

Source of S2 fract.iou 50 % inhibitlon I 
~~ of the rcference 

50~-~ inhibition I % of the refercnce roncentration I concentr:ition i antigeu rcactivity•• antigen reactivity „ 
(µg/ml) I (µg/ml) I 

P. 8/,atiut, W 805 (EP I) I 0.042 I 102.1::::0.01 1.H 157 .2 c:: 18.30 
P. elatillB, Gat, 255 (EP IX) i 0.066 I 64.8,': 0.03 1.67 107.5±3.30 
P. sativum, W 110 (EP I) / 0.043 

! 
100.0±0.067 1.18 152.0±6.36 

P. salivum, VIR 1987 

I 
i 

(EP VII) 0.252 

I 
17.0± 0.31 5.40 33.3±3.79 

P. abuasinic„m, W 808 
(EP IV) 0.104 I 41.2±0.01 1.80 100.0±1.86 

P. f!Jlvum, W 1256 (EP V) 0.607 1.1±0.n, 9.50 18.0±1,19 
P. fulvum, "Population 1" I 

(EP X) 0.971 i 4.4±0.39 23.10 7.8 ± 0.68 

• antibody concentratlon WIil! 5 µg/ml 
•• coef!lclent of variatlon of the 50% inhibit!on eoncentration 
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DlSCUSSION 

Syskmatic dassitication of the genus Pistun is clisputable. As pointed out by 
Blixt (1972) and :Marx (1979), systematists considering mainly morphological 
differern,es an' inclincd to clistinguish more species tłum those taking into ac-count 
genetic eompatibility. Lamprecht (1974), who Wi;S a genetist, regarded Pismn 
as a monospecific genus . On the other hand, in the classification system worked 
out by Lehmann (1954), based on morphologi cal characteristics, five annnal 
spe(:ies are recorded: P. elatius (M. B.) Stev., P. humile Boiss. et Noe= P. syria
wrn (Berger) Lehm. , P. sa.tivum L., P. abyssinicmn A. Braun, P. fulvwn Sibth. 
et Smith. Recently most authorities argue that Pisum contains only one or two 
species. Distinctne:-.s of P.fulvum , showing a relatively great genetic and cytogenetic 
divergcnce, is n.n argument for distinguishing this taxon as a separate species 
(Ben-Ze'cv, Zoh ;ny 1973, Makasheva 1979). All other Pisum forms, cyto
genctieally closely related, arc regarded as a single species for which the name of 
P. srttivum is proposcd. 

Ext.enfiive electrophoretic investig<ttions of different protein systems in the 
genus Pi8u:m, performed by one of the authors (J. P.) and coworkers, contributed 
discriminatinginformation to the taxonomy of Pisum (see the reviews: Przy by Iska 
1986, 1986a). The obtained data provided an evidence confirming distinctness of 
P. fulvurn and showing some individuality of P. abyssinicurn. l\foreover, within 
the group of forms representing the elatius-hmnile-sativitrn complex some accessions 
having unique electrophoretic protein phenotypes could be indicat,ed. 

Electrophoretic analysis of see<l albumins was found especially useful in de
roeting differences at the species/ecotype level. This is the reason that the S2 frac
tion (MW ca 40 OOO) , comprising „specific albumins" responsible for the recorded 
variation, bceame an object of different investigations. In the light of the so far 
obtained genetic, bioehemical and immunochemical data, differences in electro
phoret,ic seed albumin patterns (EP patterns) in the genus Pisum may be due to, 
aUelic ,-ariation, and "specific a.Jbumins'' showing different electrophoretic mobil
ities have a similar molecular structure (Blixt et al. 1980, Przybylska et . al. 
1984, Zimniak-Przybylska et al. 1985, _;\fa,nteuffel , Przybylska 1987). 

This paper reports the percent,age immunochemical similarities of the S2 frac
tions from severa} Pisurn fonns , chosen to represent different t.a.xa and various EP 
patterns. It is interesting to relate the reported data to Pisitm taxonomy . 

.No difference in the percentage antigenic similarity was found between the S2 
fractions from two Pisurn form8 with EP I, i. e. P. ela,tius W 805 and P. sativum, 
W I I O. Thi8 result is not surprising as also electrophoretic data, coming from ex
amination of different protein systems, indicated the forms to be very similar. 
As mentione<l above, P. elatius and P. sativurn are closely related taxa. 

Cross-reactivity of the 82 fraetion from P. elatius Gat. 255 (EP IX) was onły 
65 - 70% of that foun<l for the S2 (rwtions of P. elati,us W 805 and P. sativurn W 110. 
The <lifference seems to be in g~ aigreement with the electrophoretic protein data. 
Of over 600 Pisum accessions el;aniined, the wild growing P. elatius accession 
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Gat. 2fi5, originating frorn Spain, was the only form which had l•:P IX. l\foreover, 
P. elatiu,,; Gat. 255 proved to have unique elec:trophoretic prntPin pattcrns of other 
prntein systcms (Przybylska l!l86a). 

The reactivit,y of the S2 fraction from P. abyssinicum W 808 (i1~P IV) is rnorc 
or less similar to that of P. elatiu-~ Gat. 2fi5. Some distinctness of /'. ahyssinienm 
was also reveal(:>c! in e]ectrophoretic protein :,;tud ics alld was partly attrihutccl to 
seasonal incompatibility due to an earlier floweri 11g of /'. r1hyssinfr'.11,m and to a 
certain amount of geographic iHolation (Przy by Iska et al. 197!!). 

The CT08s-reactivity of the S2 fraction from l'. sativum VI R Hl87 (EP V Il) 
wa8 relativel.v weak. In this ronnection it should be mentioned that the acccssion 
VIR 1987, labelled P. sa/ivnm Hsp. transca.uca.sicum, is a primitivc form orig-inating 
from Caucasia. It is also worth mentim;ing that clistributioll of EP pattcrn VII 
scems to be restricted to this gcographic region (Przybylska, Zimniak-Przy
bylska 1985). H m,1y be assumccl that EP pattcrn VIT is r·haractcristic of P. 
sativum forms endcrnic to Caucasia. 

Finally, marked taxonomic distinctness of P. ful1;urn SPPtllS to be rcflc<'ll'd :n a 
very wcak cross-reaet ivity of the S2 frnctions from two P. fnlvnm acccssions, \V 1256 

(RP V) and "Population 1 ·· (EP X) . 
AH,r•gcther, the pcl'ccnta.ge immimochcmical similaritics of the S2 fractions 

seem to be compc1tib]e with the Pxisting Pisurn taxonomy. This illdil':i1<'s that 
sequ,·nti;1l cornpctition ELISA may be a promising approa<'h in plant dwmo
taxrn1omic invest 7gations. 

Roth the rcsult.s of the immuiwbloU,ing analysis (Manteuffrl. Przybylska, 
1987) and the prescntly n~portecl <htn cbtained tlS!ll'~ the sr~qt1,·11ti; , I <·,>111p:·tit.ivc 

ELISA J1ave provide<l an cvidence that a purt of thu st,rn<"l•ur·1· of ,,f•1·rl nlh1111t1ns 
formi11g thP S2 frnd:on in Pi8um is consc-rvative. 
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B.\DA~ f.\ POltÓWNAWCzg BI.ALEK NASION RODZAJU PISUM 
;XII. ANTYGRNOWE PODOBIEŃSTWA L<'RAKC,JI ALB U.MfNOWYC H S2 OZNACZONE 
::PRZY ZASTOSOWANIU KOMPETYTYWNE,T ANALIZY IMMUNOENZYMATYCZNE,J 

(ELISA) 

Streszczeni e 

Wc,.,,.;ni c·j.,,., . bnd ,u 1i a wykaza.ly, '.i.o zró:i,nicoWilllic cl<,k i. rnford,y,ozny cd1 o h l'azów lfr ildc 
_,.~]bu1nin <nv.v,d1 11_, 1:, i o ri. 11 rodzaj u [, ,,:su-nt (l~P I. - ]~~I' X.) ·wy nika z gun i ;Ly:~/,!l i 1 • 1nv,1; r ;_1ako,\·;1,a· -j 

~pniennoś-, i 1,i ,i H~ frakcj i S2 (c . cząst. około 40 000) i ż. 1 , bi nl k, te n1.;1jf} po<lobn,• wł A:. i woś1, i 
,lmtyg<· wnv,·. S tosuj w: lrnmpet,ytywrni arnli lć<;• imrn,monnzyn.1,-,.ty,•.zw~ EL I S A o zn.l,'.'/,• l!l > pr-o 
::rentowo ant-:, g,mow" podobinństwo frakcji S2 z kilku form l ·'i.,·um, l'<'p rc·7.< ' n i. uj ,y-y" , ,<ri.no 
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taksony i różne typy EP. Badania prowadzono pr.1;y użyciu dwóch monoRp<'cy lieznych surowic 
odpornościowych, przeciw frakcji S2 z formy P. 8ativum o typie EP l i przoeiw frnkcji S2 
z formy P. abyssinicnrn o typi e EP IV. Usz(\regowanic imm1111och,-micz11yc!t podohici1stw 
ba.d,1nych frakeji S2 było niezależne od stosowam'.i surowiey odpornośeimv<'j. Uzyskane wyniki 
omó-wiono w na"·iązaniu do taksonvmii rodzaju 1'-isum. 

CPABHMTEJibHbIE MCCJIE,ll,OBAHHJI 6EJIKOB CEMRH PO,ll,A P18UM 
XII . AHTMTEHHbIE CXO,ll,CTBA AJibEYMl1HOBbJX <t>PAKLJ,MH S2, 

onPE,ll,EJltHHblX C TTOMOlllblO KOMnETMTl1BHOro 11MMYH03H3l1MATl14ECKOro 
AHAJlltlJA ELISA 

PeJIOMC 

Pamme HCCJJe.a.oeaHHll 110Ka3aJJH, '!TO ,um!1<pepeHUH8U.Hll JJJeKTpoipopeTH'łecKHX cnCKTpOB a,'lb6y

l\,UIHOBblX 6e.'lKOB ceMllH y po,'\a Pisum (EP I - EP X) BOJHHKaeT s peJyJJbTaTe reHeTH'łCCKH o6ycHoa,,eH

Hoi1 HJMeH'IHBOCTII 6emwa q>paKl.lHń S2 (MO.lCKYHllpHb!M BCC OK0,'10 40 000) Ił '!TO 6eJJKlł 3TH 06:1a,[\a10T 

ITO.l.(06Hb!Mlł anntrCHHbl'111 CBOH:CTB8Mlł. TlpwMeHllll KOMTICTHTHBHblH HMMYH03H3HM8TH'łCCKIIM aHamn 

ELISA, 6h!JIO orrpe.1.1eJJeHo rrpot1eHTHoe aHTttreanoe cxo,iicrno qipaKu1111 S2 y ttecKOJJ b KHX cpopM P'isum, 
npC,LJ,CT8BJJlllO~HX pa3HblC TaKCO!lbl H pa3HbJe Tłl(lb) EP. l1ccJiel.\OB8Hllll npOBO,ilłlJJHCb nplł HCl10Jlb30B8HHH 

.I.IBYX MOHOCneu11Q>H'łCCKHX HMMYHHblX CblBOpOTOK npoTHB cppaKU11łl S2 H3 q>OpMbl J'. sativttm THna EP I 
w nporna q>paKUHH S2 Jt3 (j)opMbT P. abyssinicum nma EP IV. KJJacc11cpttKa1~1łl1 HMMYHHOXHM11'łeCKHX 
cxo,qCTB HCCJie; i,yeMblX <jJpaKUlltt HC 38BHCH J13 OT HCl10Jlb3YCMOM łlMMYHHOM CblBOpOTKH. no.1y'łCHHblC 

peJyJibTaTbl paCCMOTpettbl COL18CHO TaKCOHOMHH po,ua P'isiun. 


