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Summary 

 
There has been developed a conjugation method of a goat thiolated 

immunoglobulin (by the introduction of a thiolic group into the molecule), with the 
horseradish peroxidase (HRP), by using a maleimidic compound. The enzyme was treated 
with succimidyl 4-(N-maleimidomethyl) cyclohexane 1-carboxylate (SMCC) as to obtain a 
enzyme-maleimide activated compound which reacted with the intruded thiolic group in the 
intact immunoglobulinic molecule by combining it with N-succinimidyl 3-[2-pyridyldthyo]-
propionamide (SPDP): (IgG - SH). The conjugate obtained were purified, the components 
that had not reacted were removed using gel-filtration on the Ultrogel AcA 44. 
The biologic activities of the two components of the conjugate (the enzyme and the 
antibodies) were well kept after the conjugation process and were basis of using the 
conjugate prepared by immunoenzymatic tests proving a higher sensitivity comparing to a 
conjugate obtained by Periodate method. Conjugate testing was performed by ELISA 
technique, the direct variant (comparing to swine IgG) and indirect variant (for detection of 
the Trichinella spiralis of swine sera antibodies’ level). 
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This paper describes the conjugation method with the horseradish 
peroxidase of a thiolated immunoglobulin and compares the obtained conjugate 
with another prepared by the Periodate method. It has been used succinimidyl 4-
(N-maleimidomethyl) cyclohexane-1-carboxylate (SMCC) for the horseradish 
peroxidase conjugation with the thiolated immunoglobulin. 

 
Materials and methods 

 
Materials: horseradish (Sigma), succinimidyl 4-(N-maleimidomethyl) 

cyclohexane-1-carboxylate (SMCC), N-succinimidyl 3-[2-pyridyldithyo]-
propionamide (SPDP), ABTS (Calbiochem), Ultrogel AcA 44 (IBF Biotechnics), 
ELITRICH ELISA kit (Pasteur Institute, Bucharest), bovine seric albumin, fr. V 
(Merck), dialysis bags (Sigma), chromatographic columns, DE 50 cellulosis DEAE 
(Pharmacia). 

Methods:  
The swine IgG preparation consisted in the isolation of the 

gammaglobulin from swine normal serum by precipitation with ammonium sulfate: 
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100 ml swine normal serum was four times precipitated on ice with saturated 
solution of ammonium sulfate in 33% saturation. After the disposal of the 
ammonium sulfate through dialysis, the IgG was purified by gel filtration on a 
column filled with DE 50 cellulosis-DEAE, toward phosphate salt buffer 0,01 M, pH 
6,3. The first pick obtained from the elution was represented by IgG. The fractions 
situated in the curve’s maximum zone were merged and controled for the purity by 
immunoelectrophoresis toward swine total antiserum. 

The goat swine anti-IgG goat serum preparation: 
The swine anti-IgG serum was preparated by the goats hyperimmunisation 

with purified swine IgG, with an inocule of 14-20 mg/ml IgG entirely involved in 
Freund adjuvant in 1:1 proportion. The getting of swine anti-IgG serum was 
realized by tree successive inoculations at 21 days apart (4 ml intradermic inocule/ 
each animal), followed by an inoculation on the 28 day (2 ml inocule/ each animal). 
After 2 weeks from the fourth inoculation blood was sampled and the serum was 
drawed and used for the extraction of the swine anti-IgG immunoglobulins. 

The swine anti-IgG immunoglobulins purification 
The gammaglobulins isolation was realized by precipitation with ammonium 

sulfate, as follows: 50 ml swine anti-IgG goat serum were precipitated four times on 
ice and under agitation with 25 ml saturated solution of ammonium sulfate. The last 
sediment was re-engage in minimum volume of distilled water. For the disposal of 
the ammonium sulfate from the gammaglobulin solution, this solution was submited 
to dialysis in cold toward phosphate salt buffer 0,01 M. The proteic concentration of 
globulinic solution was established by Gornall method. 

The determination of the swine γ anti-igg solution titre was realized by 
elisa technics – indirect variant on Nunc maxisorp f 16 stripes which were covered 
up with diluted swine igg until a concentration of 10 µg protein/ml in carbonate 
buffer 0,1 m, ph 9,6. The stripes were covered up with 100 µl/ each well for about 1 
hour at 37 ºc with agitation. The cover up phase was followed by the blocking 
phase with bovine seric albumin for 30 min. On the washed stripes it was added 
swine γ anti-igg in 15 dilutions: 1/100, 1/200, 1/400, 1/800, 1/1600, 1/3200, 1/6400, 
1/12800, 1/25600, 1/51200, 1/ 102400, 1/204800, 1/409600, 1/819200, 1/1638400, 
with 100µl/ each well. After the incubation and the washing, it was distributed in 
each well 100µl of goat anti-igg conjugate (sigma) diluted 1/10 000. As substrate it 
was used hydrogen peroxide, and as chromogen abts. After 30 min. the enzymatic 
reaction was stopped by adding of 50µl/ each well of stopping reagent. The stripes 
were read with a spectrophotometer, at 405 nm, toward the reagents control. 

The swine anti-IgG immunoenzymatic conjugate preparation, by the 
Periodate method (Nakane and Kawaoi, 1974), was based on the fact that the 
enzyme used as marker, horseradish peroxidase (HRP), is a glycoprotein which 
can be oxygenated in mild conditions with sodium periodate, obtaining aldehydic 
groups which may bound, by reductive amination reactions, to the free –NH2 
groups of the immunoglobulins. The oxidation of the polizaharidic residues from 
glycoproteins with sodium periodate delivers a way of generation active aldehidic 
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groups for conjugations with molecules containing – NH2 or hydrazinic groups by 
reductive amination. In the first phase, before the oxidation with sodium periodate, 
some -NH2 groups of HRP were blocked with 2,4-dinitrofluorobenzene. This 
blocking phase was realized to exclude the possibility of conjugation between the 
enzyme molecules and the immunoglobulins during the reaction. Bounding by 
reductive amination was realized using sodium borohydride, to obtain the Schiff 
bases reduction and to not generate aldehydes. It was prepared a 5 mg/ml 
peroxidase solution in a sodium bicarbonate solution 0.3 M, pH 8,1, it was added 
after this dinitrofluorobenzene 1% in absolute ethylic alcohol. It was prepared a 
sodium periodate solution 0.08 M and it was added to the peroxidase solution, after 
that it was added a solution of ethylene glycol 0,16 M. The combination was 
dialysed toward carbonate buffer 0.01 M, pH 9.5, in the freezer for 24 hours. It was 
added 5 mg IgG and the obtained solution was been agitated for tree hours at room 
temperature. 

The reduction of the reactive groups of the conjugate was realized by 
adding of 5 mg of NaBH4. The obtained conjugate after that was dialysed in 
phosphate salt buffer 0.01 M for 48 hours, in cold, with agitation.  

The conjugate control with the peroxidase was realized by adding a 
drop of conjugate over 1 ml substratum solution (perhydrol in citrate buffer with 
ABTS chromogen). Another parameter followed in the conjugate control with 
peroxidase was established the absorbents ratio at 403 nm and 280 nm, ratio 
which reflects the enzyme marking degree of the antibodies. For the measurement 
of the absorbents ratio the conjugate was diluted 1/10 in phosphate salt buffer 0.1 
M. The absorbents reading were realized with a spectrophotometer at 280 and 403 
nm. 

The thiolated immunoglobulin (IgG-SH) preparation was realized by the 
introduction of thiolic groups after the reaction between the immunoglobulin and 
SPDP (N-succinimidyl 3-[2-pyridyldithyo]-propionamide). The succinimidyl ester 
end of the SPDP molecule reacted with the free primary amino groups from the 
immunoglobulinic molecule creating amidic bounds, while the 2-pyridyldithiolic 
group from the other end of the SPDP molecule remained free, having the capacity 
to react with thiolic residues to form disulphuric bounds. The swine anti-IgG goat 
immunoglobulin solution (PT = 126,76 mg/ml) was diluted in phosphate salt buffer 
0,02 M, with sodium chloride 0.15 M and EDTA 1 mM, pH 7.5 (PBS-EDTA, pH 7.5) 
until a concentration of 4 mg protein/ml and then was dialyzed over the night, at 
4ºC, in the same buffer solution. Apart from this, it was dissolved SPDP in DMF to 
obtain a solution with 20 mM concentration. To each ml of immunoglobulinic 
solution were added 25 µl of SPDP solution 20 mM, and the obtained mixture was 
incubated for an hour at room temperature, after this it was dialysed toward PBS-
EDTA, pH 7.5, at 4ºC, over night. It was prepared a dithiotreitol (DTT) 20 mg/ml 
solution in acetate salt buffer 0.1 M, pH 4.5 and it was added 25µl from this solution 
to each ml of SPDP modified protein. For the disposal of the DTT excess, the 
mixture was dialysed toward PBS-EDTA, pH 7.5, for 1-2 hours. 
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The maleimidic activation of the enzyme was concomitantly realized 
with the thiolic groups’ hours at 4 ºC. The obtained mixture was purified for the 
unreacted compounds by gel filtration on Ultrogel AcA 44, using as elution buffer a 
phosphate buffer 0.1 M, pH 6,5. There were collected fractions of 0,5 ml each 
which were read in 1/10 dilution in distiled water with a spectrophotometer at 403 
nm and 280 nm. 

The testing of swine anti-IgG conjugates with HRP was realized by 
ELISA technics – the direct variant on Nunc Maxisorp F 96 microplates covered up 
with diluted swine IgG until a concentration of 10 µg protein/ml in carbonate buffer 
0,1 M, pH 9,6. The plates were covered up with 100 µl/ each well for 1 hour at 
37ºC, with agitation. The cover up phase was followed by the blocking phase with 
Yeast extract 5% for 30 min. on the washed plates were added swine anti-IgG 
conjugates with the peroxidase in 12 dilutions: 1/100, 1/200, 1/400, 1/800, 1/1600, 
1/3200, 1/6400, 1/12800, 1/25600, 1/51200, 1/ 102400, 1/204800, 100 µl/ each 
well. As substrate it was used the hydrogen peroxide, and ABTS as chromogen. 
After 60 min. the enzymatic reaction was stopped by adding of 50µl/each well 
Stopping reagent solution. The plates were read with a spectrophotometer at 405 
nm, towards the reagents control. 

The anti-Trichinella spiralis antibodies detection from swine serums 
using the conjugates with peroxidase it was realized by ELISA techniques, the 
indirect variant, on plates covered up with Trichinella spiralis antigen, compounds 
arisen from the ELITRICH. The positive and negative control serums were diluted 
and distributed corresponding the kit’s instructions 100µl/each well on the rows A, 
C, E, G (positive control serum) and B, D, F, H (negative control serum). The plate 
was covered up and incubated for 60 min. at 37 ºC, after that was washed with 
washing solution. There were added the immunoenzymatic conjugates in 11 
dilutions: 1/100, 1/200, 1/400, 1/800, 1/1600, 1/3200, 1/6400, 1/12800, 1/25600, 
1/51200, 1/ 102400, 100 µl/each well on the two control serums. After the 
incubation the plate was washed and the substrate of hydrogen peroxide was 
distributed in citrate buffer with ABTS 100 µl/each well. The plate was incubated for 
30 min. in dark at room temperature, and then the enzymatic reaction was stopped 
by the distribution of 50 µl/each well Stopping solution. The optical densities were 
read at 405 nm with a spectrofotometer for ELISA plates, toward the blank 
(reagents control). 
 

Results and discussions 
 

The goat immunoglobulin of swine anti-IgG prepared by hyperimmunisation 
with swine IgG, isolated after that by precipitation with saturated solution of 
ammonium sulfate from the sampled goat serum, consisted the beginning of the 
swine anti-IgG immunoenzymatic conjugates obtainment. By Gornall method the 
proteic concentration of the immunoglobulinic solution was determined, registering 
a value of 127.76 mg/ml. 
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After the titration of swine anti-IgG globulinic solution, by the ELISA 
technics, indirect variant, toward swine IgG there were obtained the optical 
densities (OD) nominated in Table 1. 

Table 1 
The OD values obtained from the swine IgG anti-IgG titration by  

ELISA technics, indirect variant 
Dilution 1/100 1/200 1/400 1/800 1/1600 1/3200 1/6400 1/12800 
OD 1.786 1.697 1.689 1.684 1.668 1.654 1.641 1.640 
Dilution  1/25600 1/51200 1/102400 1/204800 1/409600 1/819200 1/1638400  
OD 1.583 1.316 1.080 0.769 0.505 0.294 0.166  
   

The biggest dilution of the swine IgG anti-IgG solution in which hasn’t been 
noticed a diminution of the OD values, was of 1/25600, the prepared 
immunoglobulin may being used, because of the high titer, in marking technics for 
the obtainment of immunoenzymatic conjugates. 

It was prepared the swine IgG anti-IgG conjugate marked with HRP by 
Periodate method and it was followed the action mean of the conjugate upon the 
enzyme substratum, as well as the absorbents ratio at 403 nm and 280 nm. The 
prepared conjugate acted upon the specific substratum of peroxidase (H2O2) and 
determinated the color modification in green on the used chromogen (ABTS), 
thereby demonstrating that after the conjugation the enzymatic activity of the HRP 
was preserved. 

The absorbents values of the 1/10 diluted conjugate in distiled water, 
measured at 403 nm and 280 nm are nominated in table 2. 

 
Table 2  

The conjugate absorbents values with HRP prepared by Periodate method 

Type of conjugate A403 nm A280 nm A403 nm/A280 nm 

Swine anti-IgG-HRP 0.052 0.074 0.702 
  

The absorbents ratio 403 nm/280 nm reflects the enzyme marking degree 
of the antibodies. In general, an absorbents ratio bigger than 0,3 determinates a 
high enzymatic activity without affecting the antibodies titer. 

The HRP conjugate obtained from the swine anti-IgG immunoglobulin 
thiolated by introduction of thiolic groups through SPDP, it was purified by gel 
filtration on Ultrogel AcA 44, and it was determinated the absorbents ratio of the 
collected fractions at 403 nm/280 nm (table 3). 
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Table 3 
The absorbents values at 403 nm and 280 nm for the prepared conjugates 

through SMCC 
Thiolated IgG conjugate with SPDP 

Fraction no. Fraction am. A280 nm A403 nm A403 nm/A280 nm 

1  0 0 0 
2  0 0 0 
3  0 0 0 
4  0 0 0 
5  0.004 0 0 
6  0.003 0 0 
7  0.003 0 0 
8  0.003 0 0 
9  0.003 0 0 
10  0.007 0 0 
11 0.009 0 0 
12 0.011 0 0 
13 0.013 0 0 
14 0.017 0 0 
15 0.015 0 0 
16 0.015 0 0 
17 

A 

0.015 0 0 
18 0.020 0.003 0.15 
19 0.021 0.006 0.285 
20 

B 
0.014 0.006 0.428 

21 0.013 0.017 1.307 
22 0.015 0.017 1.133 
23 0.018 0.030 1.666 
24 0.020 0.032 1.6 
25 0.011 0.026 2.363 
26 

C 

0.017 0.039 2.294 
27 0.021 0.058 2.762 
28 0.017 0.050 2.941 
29 0.018 0.054 3.000 
30 0.017 0.053 3.117 
31 0.019 0.053 2.789 
32 0.017 0.049 2.882 
33 0.014 0.051 3.642 
34 

D 

0.011 0.051 4.636 
35 0.010 0.033 3.3 
36 0.013 0.033 2.538 
37 0.008 0.022 2.75 
38 0.005 0.018 3.6 
39 

E 

0.008 0.011 1.375 
40  0.008 0.003 0.375 
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The fractions with the similar A403/A280 ratio were massed and tested by 
ELISA technics, the direct variant, in dilutions, without swine IgG. 

The results of the conjugate testings are nominated in table 4. 
 

Table 4 
The OD valuesx1000 obtained at the HRP-IgG conjugate testing by ELISA 

Fraction  
 
Conjugate  
Dilution  

B C D E 

1/100 2988 3074 3273 902 
1/200 2112 3032 3102 361 
1/400 1109 3074 2885 199 
1/800 511 3045 1704 98 
1/1600 248 2987 889 47 
1/3200 117 2967 437 23 
1/6400 55 2404 200 8 

1/12800 10 1308 89 4 
1/25600 2 668 41 2 
1/51200 0 300 19 1 
1/102400 0 130 8 0 
1/204800 0 57 3 0 

 
Analysing the testing’s results it was observed that this type of conjugate 

can be used as reagent in immunoenzymatic tests in the following work dilutions: 
the B fraction (1/400); the C fraction (1/12800); the D fraction (1/800); the E fraction 
(1/100). 

By the introduction of thiolic groups with the help of SPDP, it is obtained a 
functionable conjugate in ELISA tests in bigger dilutions than that obtained by the 
Periodate method, so a more sensible conjugate. 

The B, C and D of the HRP-IgG conjugate were used in ELISA technics, 
the indirect variant, for the anti-Trichinella spiralis antibodies detection from swine 
serums (table 5). 

Table 5 
The results obtained in the ELISA techiques for the anti-Trichinella spiralis 

detection, using the prepared conjugates 
Fraction  B-1 C-1 D-1 E-1 HRP conj. 

(1/3500) 
Dilution/ 
serum 

+ - + - + - + - + - 

1/100 2388 549 2901 2942 3015 1222 286 70 1337 183 
1/200 1251 246 2901 2997 2811 605 132 27 
1/400 610 104 2767 2696 1803 321 41 4 
1/800 256 27 2867 1638 926 152 9 1 
1/1600 99 1 2836 842 434 59 2 0 
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1/3200 31 1 2665 408 206 15 0 0 
1/6400 2 0 1554 133 67 0 0 0 

1/12800 1 0 864 61 21 0 0 0 
1/25600 0 0 383 18 0 0 0 0 
1/51200 0 0 171 0 0 0 0 0 
1/102400 0 0 51 0 0 0 0 0 

 
The conjugate testing was effectuated on ELISA microplates covered up 

with Trichinella spiralis antigen, component microplates of the ELITRICH kit and, 
because of that, the interpretation of the results was realized having in view the 
validation conditions of the kit, as follows: 
1. the optical density value of the negative control serum must be between 

0.100-0.300; 
2. the optical density value of the positive control serum must be higher than 

1.000. 
The introduction of thiolic groups through SPDP determines the obtainment of a 
more sensible conjugate in immunoenzymatic tests then the prepared conjugate by 
the periodate method. 

 
Conclusions 

 
1. It was prepared a thiolated immunoglobulin by the introduction of thiolic 

groups in the molecule through SPDP; 
2. The thiolated immunoglobulin was used for the preparation of an 

immunoenzymatic conjugate with horseradish peroxidase, through a 
maleimidic compound; 

3. the prepared conjugate, tested by ELISA, was used in the maximum work 
dilution of 1/6400, comparatively with 1/3500 for the prepared conjugate by 
the Periodate method. 
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