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In Poland, wide application of the ELISA test - partioularly for 
big-series detection o~ viruses in plants - is hindered by the low. 
availability and the relatively high price of imported alkaline phos
phatase. The use of peroxidase is limited by the shortoomings of its 
substrates. Recently, because of application of tetramethylbenzldine 
·as a substrate of peroxidase (5] and o,wing to ini tiation of Polish 
production of peroxidase characterized by fairly high activity, this 
enzyme grows increasingly interesting. Three methods for coupling of 
proteina with peroxidase [s] are known; the aim of the present stu
dies was to select the procedure most saitable for preparation of 
conjugates for the ELISA test. 

MATERIAL AND METHODS 

In the experiments broad bean stain virus (BBSV) and the corres
ponding antiserum with 1:4096 titer [9.l were used. (-globulina were 

prepared accorging to Kaniewski and Skotland [6] • Purified immuno

globulines were coupled - by the three procedures compared - with 

horse-radieh peroxidase manufactured by Sigma (type VI, activity 330 

U/mg). For confirmation of the suitability of horse-radish peroxidase 

produced by Biomed, Cracow (activity 281 U/mg), a conjugate using 

this enzyme was simultaneously prepared and coupled with t-&J.omline 
by the periodate method. 

To compare the effectiveness of coupling of t-globulins with pe

roxidase, the following three procedur~s were applied [7] 
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1) one-step glutaraldehyde method [1-3] invol.ving 
tien of ~-globulina with peroxidaae, as a result o~ 
glutaraldehyde; 

2) two-step glutaraldehyde metho.d [2] conaisting 
of peroxidase by glutaraldehyde, ~ollowed 
with i-globulina; 

by coupling 

direct reac
activation by 

of activation 
of the enzyme 

3) periodate method [10] comparising activation 
periodate and coupling with ~-globulina, followed 
the resulting conjugate with sodiu.m borohydride. 

of peroxidase bi 
by reduction of 

The conjugates yielded by these three procedures were made up to 
2 cm3 with ;FBS, to obtain in each preparation. a finał i-globu.lina 
concentration of 1 mg/cm3• The preparations were compared by applica.
tion in the ELISA test [6j for the determination of two BBSV isola
tes. In all cases, the dilutions of g-globulins, conjugates and vi
rua derived from test plants, as well as incubation times were iden
tical. Tetramethylbenzidine was used as substrate [5.l, and the reac
tion was developed for 20 min in the dark. The enzymie reaction was 

3 sto.pped by ad.di tion of 50 mm of 3 N H2so4, whereupon the absorption 
was measured at 450 run. 

RESULTS AND DISCUSSION 

In preliminary tests aimed at the determination of the enzymie 
activity of the conjugates compared, the dilutions of t-globulim and 

conjugates amounted to 1:1000, and those of plant homogenates - to 
1: 50. In all cases, the colour re action was too strong and was ac
companied by forrnation of a precipitate hindering absorption measu
rements and comparison. 

For comparative purposes, the dilutions of t-glob~linsand conju
gates at a ratio of 1:2000, and those of plant homogenates amounting 
to 1 :150 proved to be suitable. The results of comparative analyses 
of broad bean plants infected with BBSV isolates G and R276, obtain
ed upon use of the above dilutions, are presented in Table 1. Absorp
tion measurements were performed on a :Beckman DU-8 spectrophotometer 
at 450 run, in 1-cm cuvettes, against a substrate solution. 

All three methods afforded conjugates o.f an adequate enzymie ac
ti vi ty perrnitting their effective utilization in the ELISA test. The 
conjugates obtained by the two-step glutaraldehyde method and perio
date method gave in the ELI3A test very high readings being statis-
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Table 1 

Absorption readings at 450 nm, obtained in the determination 
of two BBSV isolates by the ELISA test, 

upon use of conjugates prepared by the three methods compared: 
one-step glutaraldehyde method, two-step glutaraldehyde method, 

periodate method 

Plant 

No. r II m 
hgal.thy infected healthy infeoted healthy illfected 

1 1.035 
2 1.207 
3 1.103 
4 1.233 
5 1.206 
6 1.247 

i 1.172 
s2 0.0011 
s o.os43 

1 

2 

3 
4 
5 
6 

1.057 
0.748 
1 .300 
0.938 
1.097 
1.054 

x 1.032 
s2 0.0333 
S 0.1825 

0.019 
0.033 
0.009 
0.037 
0.033 

0.01:, 

0.024 
0.000140 
0.0118 

-0.001 

-0.003 
0.013 

-0.001 
0.009 

-0.005 

0.001 
0.000066 
0.0081 

I-III - Methods. 

Isolate G 

2.210 
2.254 
2.249 
2.072 
2.213 
2.183 

2.197 
0.0044 
0.0663 

0.049 
0.015 
0.035 
0.019 
0.029 
0.013 

0.027 
0.000191 
o.ona 

Isolate R2 76 

2.560 0.019 
2.621 0.033 
2.499 0.041 
2.044 0.011 
a.174 0.02:, 
2.169 

2.345 
0.0594 
0.2437 

0.039 

0.028 
0.000122 
0.0110 

2.372 
2.342 
2.215 
2.160 
2.013 
2.051 

2.192 
0.0217 
0.1473 

2.306 
2.254 
2.054 
1.992 
1.990 
2.222 

2.136 
0.0198 
0.1407 

o.on 
0.007 
O .003 

-0.007 
-0.005· 
0.005 

0.003 

0.000057 
0.0075 

-0.003 

0.013 
-0.001 
-0.007 

0.001 
0,009 

0.002 
0.000057 
0.0075 
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tioally undistinguishable (Table 2). On. the other hand, the conju
gate prepared by the one-step glutaraldehyde method gave signifioant
ly lower results (Table 2). In the analysis of healthy plants, the 
absorption values obtained upon use of the three methods compared we
re sufficiently low, though in four cases the differences between me
thods in their resul ta (Table 2) were significant. In case of al.l.. 

three methods there were no significant differences in .the results 
between both BBSV isolates. Both isolates proved to be statistically 
undi~tingui.shable in the ELISA test. 

Table 2 

.Evaluation of the s1gn1ficance of the differences 
in the results between the three methods compared, 

using thet test of Student; ttab.(P = 95¾; f s 10) • 2.23 

Plant I - II 

Infected 23.41 

Heal thy O. 40 

I-III - Jfe1;hods. 

G 

I - III 

14.75 

:,.66 

Isolate 

II - III I. - II. 

o.os 

I - III 

11.n 

0.22 

II. - I.II 

1.82 

4.76 

Although the one-step glutaraldehyde method for ooupling of pro
teina wi th':lperoxidase afforded a conjugate of an evidently lower ac
ti vi ty inlthe ELISA test, it is recommended for its simplicity and 
rapid obtained of the conjugate. 

The two-step glutaraldehyde method affords - in the opinion of 
i ts authors ( 4] - homogeneous conjugates of low molecular weight and 
with an equimolar ratio of enzyme to antibodies, but with a small 
coupling yield. According to the latter authors, the antibodies la
belled by this method are well suited for immunochemical studies and 
for experiments requiring penetration of the conjugate into the tis
sue; upon application in the ELISA test, they usually give worse ab
sorption readings than the conjugates obtained by both remaining me-
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thods. The preaent experiments teatified not only to full auitabili
ty of this metho4 for preparation of a conjugate for the detection 
of BBSV by the ELISA test, but even to ita superiority over the one
-step method. 

The periodate method for protein coupling completely differs 
from the glutaraldehyde methods. This technique involves obtainment 
- by oxidation of the carbohydrate residuea of the enzyme - of ac
tive aldehyde groups reacting with the amino groups of proteina to. 
yield Schiff baaes. These bases are unstable, but are stabilized by 
reduction with aodium borohydride. The resulting conjugates resemble 
in their properties those prepared by the one-step glutaraldehyde me
thod; they are made up of high-molecular weight molecules, and their 
com.position is nonunifoxm. The authors of this method state that it 
is characterized by the highest yield of coupling with peroxidase, 
and that it pro:vides conjugates very well suited for different va
rlants of the ELISA test. In the preaent studies, this method afford
ed a satisfactory conjugate being much superior to that obtained by 
the one-step glutaraldehyde method. The efficiency o1 coupling by 
this method is all the more convincing, since it allowa for the uae 
of the smal.leet amount of pero.xidaae for labelling of the same quan
ti ty o.! Y-globulina. 

As well known, each of the three compared methode yields a mix
ture of conjugatea and nonreacted l!'-globulina. They can be separa
ted on ch~omato.graphic columns packed wi th a gel acting as a molecu
lar siev:e, e.g. Sepharase 6 B- or Ultragel. 22. In case of preparation 
of conjugates to be uaed in the ELISA test, in most instances it is 
not worthwhile to separate the non-reacted l!'-globulina. Since the 
preaent experiments yielded eonjugates. of very high activities, we 
did not compare the activity levels after separation o~ _uncoupled t
-globulins. 

Application o:f peroxidase of Polish make for coupling afforded a 
conjugate only slightly departing from that obtained - by the same 
metho.d - uaing peroxidase of Sigma Co. make. The background was si
milarly low and stable, and the absorption readinga. of virus prepa
rations were sufficiently cloarcut. The enzymie activity of our pre
parati.on, as compared with that containing Sigma peroxidase, waa 
somewhat lower, doubtless owing to the lower activity of the enzyme 
of Polish make. The differences between both preparations in the en-
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zymio activity were 8Illall and did not warrant the use of higher con
centration~ of the conjugates containing Polish-make peroxidaae in 
the ELISA test. 

The use conjugates containing peroxidase of Polish make in the 
ELISA test lowers the cost of analysia. If it is assµmed that 1 mg 

of the enzyme is required for performing, on the average, 10 OOO ana-
lysea, then the cost of Pollsh peroxidase amounta 
per one analysia. Therefore, the application o~ 

for big-series Elisa testa is recommende.d.. 
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PORÓWNANIE EFEKTYWNOŚCI TRZECH METOD SPRZ_ęz.ANIA PEROKSYDAZY 
Z IMMUNOGLOBULIN.AMI S~OSOW.ANYMI W TEŚCIE ELISA 

S t r e s z c z e n i e 

Sprawdzono przydatność trzech metod sprzęgania ~-globulin z pe

roksydazą dla uzyskania koniugatów do wykrywania wirusa plamistości 

bobiku (BBSV) testem ELISA. Wszystkie metody nad~ją się do tego celu. 

Każda z nich ma określone zalety i wady omówione w pracy. Do sprzęga

nia celem uzyskania koniugatów do masowych testów najkorzystniejsza 

okazała się metoda nadjodanowa. Oceniano przydatność peroksydazy z 
chr~anu produkcji krajowej do wykrywania-teetea ELISA, podkreślaj~c 

wynikłe stąd korzyśc_i ekonomiczne. 

B. KaBeBcD, H. ffi:tKoBJIK 

CPABHmHE ~EKTimHOCTM TP!:x 100'0,ROB COIIPIDREHWI IIEPOKCH.llA3ll 
C HMMYHOrJIOBYJrnHAMM IIPHMEHJIEMliM0 B TECTE ELISA 

P 8 S I> M 8 

IlpoBepeHa 6HJia lIPHI'O,llHOCT!> TpeX M8TOJ'.(OB COJIPJDK8HHJł. ~rJioóyJm
HOB C JI8p0KCBJtasOI C ~8Jll,I) JIOJiy118HU KOH•1>raTOB .lVlJI BwmJI8HHJI impy
ca IlHTHHCTOCTB KOHCKIIX ÓOÓOB (BBSV) T8CTOM ELISA. Bee 8TH TpH M8-
TO.lla Jipm'O,JlHI:l .JLIIJI &TOI n8JIB. Ku,nHI HS Hmt OÓJia,I.taeT CBOHMB onpe,n;e
~8HHijMJII J'.(0CTOHHOTJ38MB H H8,D;OCTaTKSMB, KOTOplie JIP9J'.(CT8BJ18HY B pa6oTe. 
JlJIJI COlipaJt8HHJI C n8Jll,D JIOJiy118HJUI ROH~llI'aTOB B MaCCOBliX T8CT8% H8JI
.OJ118 IIOJ188BHII oxasa.n:o.s: M8TOJ'.( BOllHOKlllcmdt. IIO.n;B8i>ra.1Iac1> OIX8HK8 JipH
rOllHOCT!> nepoKCBJlSSH HB xpeBa OT8~8CTB8HHOro Jip0BSBO~CTBa. KOTOpa,I 
npDleHHJraC!> ,1IJUI BwmJI8DJI BBJ)YCOB T8CTOM ELJ:SA)"IBTliBSJI :lliT8RalaQ'1) 
OTCl\lla 8ROHOldląecRYJ) BYI'O.D,f. 


