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IMMUNOBIOLOGICAL AND ELECTROPHORETIC INVESTIGATIONS
ON PHYTOHEMAGGLUTININS IN THE SEEDS OF SOME
BULGARIAN PLANT SORTS

M. T. Tzoneva-Maneva and V. S. Lesichkov

In the past two decades the scientific interest in antibodies of plant
origin was substantially increased. This is due to the discovering of a
vast number of specific phytohemagglutinins (3, 4, 9) as well as to
other interesting biological properties of the same, namely their capacity
of stimulating the mitotic activity of certain cells (1, 7, 11), of inhibiting
the action of certain enzymes (10), of arresting the development of some
tumourous cells in vitro etc. (5, 6).

Moreover, plant antibodies represent very suitable samples for carry-
ing out a thorough study on immunological, biochemical and biophysical
properties of the immune bodies in general.

In the present we report the results of our investigation on certain
immunological and biochemical properties of phytohemagglutinins, ex-
tracted from the seeds of the sorts Phaseolus vulgaris (beans sort 4784,
4579, 4540), Soja hispida (soya bean sort Adams, soya sort “granular”),
Pisum sativum (peas sort Ramonski and peas Peremiden), Lathirus
aphaca (hatchet Taldjer).

Methad and background of experiments. For the obtaining of phyto-
hemagglutinins from the seeds of the plant sorts under investigation was
employed the Rigas-Osgood’s method (8) for receiving pure protein.
The phytohemagglutininis thus obtained were studied in the following
aspects: '

1) Their agglutination properties were investigated to erythrocytes of
human groups (A Rh*, A Rh—, B Rh*, 0 Rh *), mouse, rooster and
frog. Titration was carried out with equal volumes of different, increa-
sing in arythmetic progression dilutions of PHA and 2 per cent erythro-
cyte suspension. The agglutination was recorded atter 45-minute refri-
geration at 44 degrees C.

2) Investigations on the character, number and quantitative relations
of protein fractions by means of paper electrophoresis. The latter was
carried out under the foliowing conditions: paper Watman [ was used,
tension of direct current fed to the pool 220-240 V and duration of elec-
trophoresis — 6 hours. Veronal-acetate buffer solution was used with
pH=8,9. Staining with Bromphenolblau according to routine methods.

With each process a parallel sample was set with fresh normal human
serum.

The quantitative determination of the fractions, obtained with the elec-
trophoresis, was carried out according to the conventional method, em-
ploying the Pulfrich photometer and photometration with filters 61 and
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57. On the basis of extinction values obtained, we determined the per-
centage relationship of the various fractions in the protein preparations
under investigation.

In all the studies just described equal initial concentrations of the pre-
parations were used — 3 gr/per cent, dissolved in 0.85 per cent sterile
saline solution.

3) Studies were performed on the agglutination properties of the
single, obtained at electrophoresis, fractions of PHA. For this purpose
two samples were parallely set during electrophoresis, one of which was
fixed and stained, and according to it in the second sample, the areas
were cut out of the various fractions and extracted with saline solution.
Ten drops saline solution were employed for the extraction of every single
fraction, after which the eluates underwent centrifugation and were
pipetted.

The agglutination properties of the eluates obtained from electro-
phoretic fractions of the studied preparations were verified with respect
to human erythrocytes (A+, B+, 0+ group) and to erythrocytes of
mouse, rooster and frog.

Thus we have investigated the eluates of the PHA electrophoretic
fractions of the three sorts Phaseolus vulgaris, one sort Soja Rispida,
one sort Ramonski of Pisum sativum and one sort Taldjer hatchet Lathi-
rus aphaca.

Results and analysis

The results of the investigations carried out in accordance to the tasks
put before us are summarized in tables 1, 2, 3, 4 and 5.

In table 1, in which are presented the results of the studies on the ag-
glutination properties of PHA obtained from the three Phaseolus vul-
garis sorts, the strongly pronounced agglutination properties of the same
are proved to all the erythrocytes investigated.

Yet, the analysis of agglutination titres showed that this capacity is
manifested with different dilutions in relation to the erythrocytes used,
according to their species and groups, which is indicative for the pre-
sence of a relative specifity in the PHA under study.

Furthermore, we were impressed by the big differences in agglutina-
tion titres toward the same type erythrocytes in the PHA relations from
the three different beans sorts. This phenomenon was elucidated in the
light of the results of investigation on the character of electrophoretic
fractions of PHA from beans, their agglutination properties and quanti-
tative relationships.

Table 4 shows that with paper electrophoresis the PHA obtained from
the three sorts beans are divided in two f[ractions: one with the motility
of the y-globulins of human serum, and the other — with mobility
similar to that of «y-globulins. It is estbalished also, that the first frac-
tion constitutes the greater part (73%, 80%, 83%) of the total quantity
isolated globulins. In the course of studying the agglutination property
of the eluates in these fractions we found out, as illustrated in table 5,
that only the former fractions (with the motility of the human vy -glo-
bulins) possess such a properties.



Table 1

Sort 4540

Type of Er - PHYTOHEMAGGLUTININ DILUTIONS
1 2 4 8 16 32 64 128 256 512 1024 2048 4096 8192 Control Titre

A* +4++4 ++++ F+4++ A+ 4 ++ + + S S w wuw
ns ++++ +HHE 4 A R A R EEE ++ ++ = Gl
B SRAFRaF ApAaREel dESbdd ERARdE ohdr ++ ++ = = = = = = I Vil
0 SRR SRARRESE GrraraE Ghafar aear + + + + = =T = = T imw
mouse ++4+ ++4++ ++++ ++ S S qrsE ++ ++ ++ iE =R on = heo
rooster ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++++ F+H+ ++ — = —  — LI
frog ++ + + + e i — - - - - - = - =1 8

Sort 4579
A+ ++++ ++++ 4+ ++ + + = A= i + s - = = — L1024
A— +4++ T+t R+ Sy ++ ++ + 5 + i + - — — 1:2048
B* bk b o S R F A oF + + i = T s o et
0* +++ +++ ++ ++ + + aF + + & + - = — — L1024
mouse ++4+ +++  +4++ +++ AR Arer Sear At St S o + 4+ — 18192
rooster ++++ ++++ ++++ ++++ F+++ ++++ ++++ ++++ Fh++ F+++ FHF+E H+ ++ — — 11409
frog  +4+4 + + = + aF = = = = = B s N2

Sort 478¢
At ++ SHoE SR o + R T+ ++ % = = S i
A— ++++ ++++ +++ F++ ++ ++ ++ + = = - - - - L2
B* SEEI SR EEE ++ raF S + = = == =5 =2 el Nk G
0* SRAFRaR pefaEaEaE abar ++ + £ - = - - - = = = —kalb
mouse ++++ +4+++ +++  ++ ++ ++ CEE -+ ++ + = - - - 1104
rooster ++4+4 +4++ +4+++ +H++ F+++ F 4 FHEF P R = - - - - Ls12
frog GFas + + + + + - — -~ == - = = = 15 &Y

In the table the results are presented of investigations on the agglutination properties of PHA from seeds of the three sorts Phase-

olus vulgaris. Concentration of PHA 3 gr/%.
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Table 2
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In the table the results are illustrated of investigations of the agglutination properties of PHA from two sorts Pisum sativum, at con-
centration of the preparation 3 gi/%,.
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Table 3
Sort Adams
Type o! Er Phytohemagglutinin dilutions
At 1 2 4 8 16 32 64 128 256 512 1024 2048 4096 8192 Control Titre
A - FEE SR R o S R R e LR e R R SR SR - 11024
B* 444+ ++++ ++++ F+++ +H++ + - - s B = oy
0t 444+ ++4++ +H+4++ FH+++ FH+H+ FFEFE F 3 ~ - RSS!
mouse++4++4 444+  +++  +++  +++  +++ ++ + ES iy = = = g S 128
rooster++++ ++++  + - - - -~ - - - - - = =L
frog ++++ ++++ + - - - - = = = = Fig m
Sort yellow granular
A* B AR GRtabaE dRaRieE R = = 7 = B S s 18
A— IRt M = ohE R e T = it T = = == o 1:8
B* RIS = PR R R T L= - - - - = = = = 1:8
0+ SE4E P SArcsaRar 1 A dRr 3 - - = - - = - = - 18
mouse — - — = = = = = == 0
rooster = - - - - — o — - = . — — 0
frog = ~ - - = - — = == D = 0
Hatchet
T L i I o S ++ ++ o = - - - - - - - - 1:32
A—  +4+4++ +4+++ +4++ ST I el ++ = . - - - = ~ 1:32
B Lt S R e R T T T T L e T T = - = - = = = 1:32
0 44+ It aF i - - — — — - - - = - = 1:16
mouse ++ + S it ++ T it AP < = = e 1:64
rooster e = Sigch storba SSREEE S o glpsiEe e RSt = = = = = S0 = | == 1:16
TEogE R S S S 5 S = = - = = 5 F=0EE B S = 1: 8
In the table the results are presented of investigations on the aggluitination properties of PHA from the seeds of two sorts Soja

hispida and one sort Lathirus aphaca, Concentration of PHA 3 gr/%.
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The parallelism established between the percentage content of the first
fraction and the height of agglutination titres also supports the inference
to the effect that capacity for agglutination is possessed only by the

Table
TYPE SORT ‘ x ‘ ; ‘ C | Alb
Control ! |
human |
serum 0,19(17,92%) 0,17(16,04%0) 0,10( 9,53%)| 0,13(12,26%), 0,47(44,34%0)
4540 0,51(80,95%) 0,12(19,05%) = -
Phaseolus | 4579 | 0,15(83,33%) 0,03(16,66%)  — =
PR 4784 |0,22(73,33,) | 0,08(26,66%), =
Soja soya granular| 0,16(37,21%) 0,25(58,16%) 0,02(4,65°/) -
hispida soya Adams 0,27(72,97%) 0,10(27,02°s) =
Peas | | |
Pisum Ramonski | 0,11(21,57%) | 0,19(37,25%) 0,12(23,53%), 0,07(13,72%)| 0,02 (3,92%)
sativum Peas |
| Peremiden 0,11(18,64"/0)I 0,17(28,819%)| 0,13(22,03%)| 0,14(23,73%) 0,04 (6,78%)
Lathirus Hatchet
aphaca | Taldjer - 0,05(71,43%o) 0,02(28,57%0) = |

The table illustrates the extinction values and percentage relationships of the
established by means of paper electrophoresis fractions in the Phytohemagglu-
tinins of Phaseolus vulgaris, Soja hispida, Pisum sativum and Lathirus aphaca.

globulins of Ph. vuigaris, which correspond in mobility to the human
y-globulins. This finding explains the differences inanifested in the
power of agglutination properties from the three beans sorts, as to the
higher percentage content of the first fraction corresponds a more strong-
ly pronounced agglutination property.

The comparison of PHA from beans 4784, 4540 and 4579 with the re-
spective percentage content (73%, 80% and 83%) of the first fraction
accounts for a different agglutination capacity. For example, their titres
to human A+ erythrocytes are 1:64, 1:512 and 1:1024 respectively. The
picture is similar as regards the remaining erythrocytes. Especially
strongly manifested are the agglutination properties of PHA from beans
to mouse and rooster erythrocytes, which property is manifested not only
with respect to major dilutions, in which it is positive, but with respect
to intensity as well. The weakest in so far strength and intensity is con-
cerned, is the agglutination capacity of the PHA to frog erythrocytes,
whereas within the limits of human species — to the O4- group erythro-
cytes.

These results are in compliance with the data of our prior investiga-
tions on agglutination properties of PHA fom Ph. vulgaris, sort Sax (2).

The analysis of table 2, in which the results are presented of exploring
the agglutination properties of two sorts peas, shows a weaker mani-
festation as compared to that of beans.
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Besides that, differences exist in the attitude towards some of the
erythrocytes used. Quite typical are the comparatively more weakly mani-
fested agglutination properties to erythrocytes of rooster in comparison

to those of the beans PHA. On the whole, the agglutination power of the
Peas PHA is weaker.

Type of PHA

Phaseolus
vulgaris

sort 4540

sort 4579

sort 4784

Soja hispida
sort

granular

Pisum sativum
sort

Ramonski

Lathirus
aphaca

sort

Taldjer
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+4++
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4+t

++++
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+++

+4++
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0+ mouse
~EEHELEE TR Rar
+;++ ++;+
+-_+++ o
+;+ -

Table 5

rooster  frog

++++ o+

++++  +

++++ +

Results of investigations on agglutination properties of eluates from PHA elec-
trophoretic fractions of Phaseolus vulgaris, Soja hispida, Pisum sativum,
Lathirus aphaca.
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Here too, the results of electrophoretic investigations indicate that the
causes are of the nature already described.

As illustrated in Fig. 1, the electrophoretic study of Peas PHA reveals
five fractions which do not fully correspond, but are only similar in their
motility to the electrophoretic fractionsy,B. «,.%;, and albumins of human

Fig. 1:
magglutinin

Electrophoregram of phytohe-
(PHA) from Phaseolus
vulgaris, Soja hispida, Pisum sati-
vum, 1solated according to the method
of Rigas and Osgood.
1 — conrtol human blood serum;
Il — Phaseolus vulgaris (beans) phytohemag-
lutinin;

III — Soja hispida (soya) phytohemagglutinin;
1V — Pisum sativum _(peas) phytohemaggiu-
tinin,

(veronal — acetate buffer ph 8, 9, duration
6 hours).

b.ood serum.

The percentage relationship in these
fractions, as shown in table 4, is dif-
ferent for the two sorts peas, the high-
est being in both instances that of the
second fraction (B).

On the basis of investigations on ag-
glutination properties of these fractions’
eluates, the results of which are given
in table 5, the conclusion is reached
that agglutination capacity is inherent
to they+p fractions’eluates, and is
absent in the eluates from theay,- and
z-fractions. The differences in aggluti-
nation titres between PHA of the two
sorts peas could be explained with the
quantitative interrelations between these
fractions. The high-percentage content
of the y+f-fractions in the Ramonski
sort (58,82%) is in accordance to the
more strongly pronounced agglutination
capacity.

Against the background of studying
the agglutination properties of the PHA,
isolated from soja, sort Adams and
soja, sort yellow granuiar, the results
of which are presented in table 3, the
agglutination capacities were esta-
blished to human, mouse and rooster
erythrocytes with the Adams sort,
whereas, with yellow granular soja —
only with respect to human erythrocytes
A+ A-, BF, 04

The data here submitted are indica-
tive for a markedly manifested relative
specifity in PHA obtained from the soja
seeds.

Of special interest is the elucidation
of the differences in agglutination pro-
perties of the soja, beans and peas
PHA, in the light of data furnished by
the electrophoretic analysis.

It is clearly evident in Fig. 1 and table 4 that in the PHA, isolated
from the seeds of both sorts soja by means of paper electrophoresis, four
fractions are disclosed, of which the first two correspond, as far as motili-
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ty 1s concerned, to the y and B globulins of the contrvl human serum,
whereas the second two fractions are not sufficiently well differentiated
and are similar in their motility to the @, and «, -globulins of the control
human serum.

As demonstrated in tables | and 4, the highest is the percentage con-
tent in the second electrophoretic fraction, which is endowed with the
motility of the @-globulins of the control human serum.

The great differences in the quantitative interrelations between y--f-
fractions and «,+«;-fractions in both sorts soja were very impressive.
95,37% v+B-globulin fractions were observed with the yellow granular
soja, whereas with the sort Adams soja — 72,57%. Such quantitative dif-
ferences compared to the agglutination properties of the total PHA, ob-
tained of both sorts, do not warrant the inference that agglutination pro-
perties are characteristic for the first and second electrophoretic frac-
tion. The results of the investigations on the agglutination properties of
eluates from the soja yellow, granular PHA electrophoretic fractions,
presented in table 5, show that a capacity for agglutination is possessed
by the eluate obtained from y+8-fraction, whereas in thea, and «; -frac-
tions it is absent. In addition, this capacity is manifested only towards
human erythrocytes, and not to those of mouse, rooster and frog.

The following fact is worth of special mentioning: the narrowing of
the spectrum of soja PHA agglutination capacity is in accordance to the
higher percentage content of 8 -globulin fractions, whereas the lower —
to the s+a;-fractions. In the yellow, granular sort soja, which has 58,16 %
B-fraction and only 4,65% % «,+«,-fractions, agglutination capacity is
manifested only to human erythrocytes, whereas with the soja sort Adams
in which the quantity of the y-B- fractions is 72,97%, and that of the
a,+a;-fractions 27,02%, the agglutination capacity is manifested in a
higher dilution and in a wider spectrum.

The data at our disposal at the present moment are not sufficient for
the definitive clarification of this phenomenon, but the regularities es-
tablished justify the hypothetic presumption that the rest of the fractions,
which alone do not manifest proper agglutination properties, exert cer-
tain influence on the properties of the fotal PHA in compliance to the
species and quantitative relationships.

In table 3 the results are also presented from investigating the ag-
glutination properties of PHA, obtained from the seeds of hatchet sort
Taljersko (Lathirus aphaca). The latter has a relatively well pronounced
agglutination capacity and in this respect it resembles the PHA of Pha-
seolus vulgaris. The electrophoretic fractions which were obtained from
the PHA, isolated from the hatchet are two: one with the motility of 8-,
and the other with the motility of «,-globulins of the control human blood
serum. In the eluates thus obtained, agglutination properties were not
found to the erythrocytes used, as illustrated in table 5. This is an in-
teresting fact and could be explained with the presumption that it is due
to a rather weak concentration of the respective eluate fractions, or with
the joint action of both fractions. Anyway, the elucidation of this ques-
tion is the scope of further investigations.
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Conclusions

The obtained with the Rigas and Osgood method protein fractions
from the seeds of various sorts Phaseolus vulgaris, Soja hispida, Pisum
sativum, Lathirus aphaca represent substances of the globulin type. By
means of electrophoresis two fractions are established in the PHA
isolated from Ph. vulgaris, which correspond in their motility to the y-
and p- globulins of the control human serum. In Soja hispida we dis-
covered four electrophoretic fractions, corresponding in motility to the ¢
B- 2y~ - globulins of the control human serum. With Pisum sativum

we established 5 fractions with motility resembling the v-, B~ @ @1
globulins and the albumins of the human blood serum, whereas in La-
thirus aphaca — two fractions with motility of the - and «,-globulins

of the same.

The finding that there exist differences not only in the number and
type of electrophoretic fractions in the separate PHA types, but in the
percentage relationships as well is very characteristic. The variations
manifested within the limits of the species refer merely to the percentage
relationships of electrophoretic fractions and not to their number or
nature.

The PHA obtained ifrom the four species }{)osses the _Eroperty to ag-
glutinate human erythrocytes from the gr. and 0+, and
those of mouse, rooster and frog. This property is dlfferently manifested
in the four species, as in Soja hispida yellow granular sort, agglutina-
tion is absent with respect to rooster and frog erythrocytes, whereas in
the Adams sort — with respect to frog erythrocytes.

The results obtained are indicative for a markedly manifested relative
specificity in the agglutination property of the PHA under study.

We found out also that agglutination capacity of the isolated type is
possessed only by the y- and p -fractions of the PHA explored.

These data, as well as the differently manifested agglutination pro-
perties for each species, combined with the characteristic electrophoretic
data warrant the inference, that for the various agglutination capacities
thus manifested of PHA from the species cited, are essential not only the
fractions, capable of independent erythrocytic agglutination, but the re-
maining fractions as well, according to their nature and quantitative re-
lationships. The latter may have an effect on the nature or strength of
the agglutination capacity, inhibiting or stimulating it in one or other
respect. The differences thus established in the number, character and
percentage relationships of the fractions in the various PHA, very pro-
bably, account for the characteristic agglutination properties in them.
This suggestion of ours, based on the results obtained and presented in
the present paper, will serve as operative hypothesis in our future in-
vestigations in this field.
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HMMYHOBHOJIOTHYECKHE H 3JIEKTPO®OPETHYECKHE H3YVYEHHA
®HTOTEM-ATTJIOTHHHHOB B CEMEHAX HEKOTOPbBIX
HAIIHX PACTHTEJIbBHbIX COPTOB

M. T. lUownesa-Manesa, B. C. Jlecuuros,

PE3IOME

Coo6matorcs pe3y/bTaThl H3yUeHHit Hald arrJIIOTHHAUHOHHBIMH CBOHCT-
BaMa H 3/1eKTpoopeTHUeCKHMH (PaKUHAMH PHTOreMarrJIOTHHHEOB Pa3HbIX
coptoB u BHAoB Phaseolus vulgaris, Pisum sativum, Soja hispida, Lathi-
rus aphaca.

@uTOreMarrJIOTHHHHBI NO1yYeHbl B BHJE YHCTOrO npoTeHHa, 10 MeTody
Rigas u Osgood.

YcraHoB/ieHo, 4TO pasHble GHTOTeMAarrJIOTHHHHBI HMEIOT XapaKTepHYIo
A/ 1aHHOFO BHAA OTHOCHTEJbHYIO AarrIOTHHAUHOHHYIO CneuH(HYHOCTh B
OTHOLUEHHH 3PHTPOUMTOB YeJOBEKa, MBILIH, MeTyXa H JATYIWKH.

IMocpencrsoM enektpodopesa Ha Gymare GblIH YCTAHOBJIEHbl THMHUHBIE
dpakunu aas GuTOreMarrJioTHHHHOB Ka)K10r0 BHAa, KOTOpble HAEHTHHLIH-
PYIOTCS IO MOABHXKHOCTH C 3J1eKTPOGOpeTHUeCKHMH (paKUHAMH J106YJTHHOB

CBLIBOPOTKH KPOBH ueJIOBeKa.

Bblio ycTaHoBaEHO, 4TO TOMbKO ()PAKUHH, KOTOpble COOTBETCTBYIOT MO
HX MOABHXXHOCTH rama- H 6era-ChIBOPOTOUHBIM IMIOGYJHHAM Yesl0BeKa HMEIOT
arrJOTHHALHOHHbIE CBOMCTBA, B pa3HbiX COPTax AaHHOro BMAA OblIH yCTa-
HOBJIEHBI TOJILKO KOJIHUECTBEHHbIe, HO He H KaueCTBEHHble Pa3JHuis B GesKo-
BbIX (PAKLHAX, KOTOPble NAlOT OTpa)keHHe Ha THTPOBblE CTOHMOCTH arJIOTH-
HalHH, HO He H Ha ee CrelH(HUHOCTb.





