
Acta virol. 29 : 111-118, 1985

LIQUID-PHASE AND SOLID-PHASE RADIOIMMUNOASSAY 
WITH HERPES SIMLEX VIRUS TYPE 1 NUCLEOCAPSIDS

M. BYSTRICKÁ, «О. FOLDES, *J. SADLOŇ, J. RAJČÁNI, H. LIBÍKOVÁ, A. SABO

Institute of Virology, Slovak Academy of Sciences, 817 03 Bratislava, and * Institute of Experi­
mental Endocrinology, Centre of Physiological Sciences, Slovak Academy of Sciences, 833 06

Bratislava, Czechoslovakia

Received July 11, 1984

Summary. — Liquid-phase radioimmunoassay (LPRIA) and solid- 
phase radioimmunoassay (SPRIA) are described utilizing either 
125I-labelled or immobilized nucleocapsids (NC) of herpes simplex 
virus type 1 (HSV-1). These techniques appeared sensitive and 
specific for quantification of HSV-NC antigens and corresponding 
antibodies.
Key words: herpes simplex virus type 1; nucleocapsids; liquid-phase 
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Introduction
Radioimmunoassay (RIA) and enzyme linked immunosorbent assay 

(ELISA) (Enlander et al., 1976; Vestergaard et al., 1977; Colombatti and Hii- 
gers, 1979; Dreesman et al., 1979; Kimmel et al., 1982) are rapid and sensitive 
methods for detection of a variety of viral antigens and antibodies. Both 
liquid-phase RIA (LPRIA) and solid-phase RIA (SPRIA) have been adapted 
for measurements of herpes virus nucleocapsid (NC) proteins and anti-NC 
antibodies (Kalimo et al. 1977a, b, Heilman et al. 1979). In the present study 
NC of HSV-1 were isolated and purified. Then LPRIA was performed using 
125I-labelled NC and compared to SPRIA using immobilized NC. SPRIA 
seems to be useful for the quantification of small amounts of NC antigens and 
antibodies, in contrast to LPRIA, which revealed satisfactory sensitivity only 
for the detection of anti-NC antibodies.

Materials and Methods
Virus and cells. The Kupka strain of HSV-1 (isolated by Dr. R. Benda, Prague) was used 

throughout. Virus was grown in SIRC or VERO cells, which were maintained in the Eagle’s basal 
medium (BEM) containing 5% inactivated calf serum, glutamine and antibiotics in 1200 ml 
Roux bottles. Viral material was prepared by inoculation of the cell monolayer with 0.5— 1 PFU 
per cell. When showing cytopathic effect, the cells were washed with phosphate buffered saline 
(PBS) pH 7.2, scrapped off in a minimal amount of 0.005 mol/1 Tris-HCl buffer pH 7.0 and 
stored at —70 °C.

Purification of NC. NC were purified according to Matis et al. (1976). Briefly, after three cycles 
of freezing and thawing, the cell suspension was subjected to 2 cycles of differential centrifugation 
(3000 g, 15 min; 60 000 g, 60 min). The resulting suspension was sonicated and further purified 
through a discontinuous Ficoll gradient prepared by overlaying equal volumes of 40, 30, 20 and
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10% w w Ficoll solutions (Heckman Model SW39L rotor, 25 000 rev/min, 45 min). The bands 
situated at the interfaces between 10 and 20% as well as 20 and 30% of Ficoll solutions were 
collected, diluted, sedimented and subjected to equilibrium centrifugation in a discontinuous 
sucrose gradient (5 — 55% w/w) prepared in D2O (SW39L rotor, 30 000 rev/min, 6 hr). Fractions 
corresponding to pure NC (bottom peak) were pooled and rebanded under the same conditions.

Sedimentation analysis of purified 125/-labelled NC was performed in a discontinuous sucrose - 
D2O gradient (5 — 55% w/w) centrifuged to equilibrium as described above. The fractions (cea 
50 yul) were collected by puncturing the bottom of the tube and counted in a gamma counter.

Antisera. Rabbit antisera against purified NC were prepared and evaluated as described in 
Results.

Radioiodination. Purified NC and protein A (Pharmacia, Uppsalla) were iodinated by the chi gr­
amme T method (Greenwood et al. 1963) in a modification described previously for influenza virus 
haemagglutinin (Russ et al. 1978). For NC iodination, however, gelatine has been used as carrier 
protein (instead of bovine serum albumin) and free 125I was separated from 125I-NC bv intensive 
dialysis. With both iodinated preparations more than 90% radioactivity was precipitable with 
trichloroacetic acid. The specific activity of 125I-NC was 74 kBq/^tg and for 125I-protein A 500 
kBq/yMg, respectively. Both preparations were used up to 4 weeks after labelling.

SDS-polyacrylamide gel electrophoresis (SDS PAGE) was carried out in 10% polyacrylamide 
slab gels in discontinuous buffer system as described by Spear and Roizman (1972). The proteins 
were visualized by staining with 0.05% Coomassie brilliant blue R-250, thereafter the slabs were 
dried. Autoradiographs were taken on a X-ray film (Medix-Rapid, Czechoslovakia) at —70 °C, 
using intensifying screens.

Liquid-phase RIA. For precipitation of 125I-NC, the reaction mixture in a vol of 250 //1 con­
tained 0.1% bovine serum albumin (BSA), 0.5% Triton X-100 (TX-100), 5 mmol/1 EDTA in 
PBS pH 7.2 (RIA buffer), about 20 — 30 000 cpm of 125I-NC and various dilutions of immune 
rabbit serum. The mixture was incubated for 1 hr at 37 °C and then overnight at 4 °C. There­
after 5 fi\ of normal rabbit serum and 0.1 ml of swine anti-rabbit Ig were added. After further 
incubation for 1 hr at 37 °C and overnight at 4 °C, the reaction mixture was diluted 10 times with 
RIA buffer. The immunoprecipitates were sedimented and counted in a gamma counter. Further 
details are described in the Results.

For competitive-inhibition RIA the reaction mixture contained 125I-NC (20 — 30 000 cpm per 
tube), various concentrations of competing antigen (0.5 ng —25.0 jug of unlabelled NC) and im­
mune rabbit serum capable of binding approximately 50% of labelled antigen. The reaction mix­
ture was incubated for 1 hr at 37 °C and then overnight at 4 °C. Then 5 /Л of normal rabbit serum 
and 0.1 ml of swine anti-rabbit Ig were added and the assay proceeded similarly as for precipita­
tion of 125I-NC with immune serum. Sonication of immune precipitates was performed by Ray­
theon, Modeli DF 101, supply 115 V, 250 W, 10 kc . s1.

Solil-phase RIA. At room temperature 25 p\ of purified NC in PBS pH 7.2 was adsorbed over­
night to individual wells of polystyrene microtiter plates (KOOH-I-NOOR, Czechoslovakia). 
Nonspecific sticking to the plastic was prevented by addition of 200 p\ of 10 mg/ml BSA for 2 hr. 
Then immobilized NC was incubated with various dilutions of immune sera for 90 min, 3 times 
washed (PBS pH 7.2 containing foetal calf serum and 0.1% sodium azide), incubated with 
125I-labelled protein A (30 000 cpm per well) and again 3 times washed. Radioactivity bound to 
each well was eluted with hot 2 mol/l NaOH (cca 100 //1 per well) and counted in gamma counter. 
In the competitive-inhibition assay various concentrations of NC were incubated in vials with 
limiting amount of antibody for 90 min. Thereafter, 25 p\ aliquots were transferred into wells 
with adsorbed NC and the assay was continued as described for the antibody titration procedure.

Results

Characterization of HSV-1 NC and preparation of specific anti-NC sera
NC obtained from HSV-1 infected SIRC or VERO cells were tested for their ' 

purity. NC preparations formed one narrow band in sedimentation analysis. 
Particles of this band examined by electron microscopy w ere found to be free 
of contaminating material (results not shown). NC were further analysed by
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Fifl. 2.
Liquid-phase RIA with 125 I-NC 

Effect of washing procedures on binding
of immune No. 1 ' Щ----------#)andnonim-
mune (O----------O) sera to 125 I-NC. The
assay proceeded either:
I. in the presence of 0.5% TX-100 when 

immune precipitates were washed 
once with RIA buffer,

II. in the absence of TX-100 and immune 
precipitates were washed twice in 
RIA buffer without TX-100 and 
sonicated for 1 min. Dotted line 
determines RIA titre (as defined in 
Table 1).
Abscissae: reciprocals of serum dilu­
tion (in logä)
Ordinate: % of 125 I-NC bound

I

10 12 14

SDS-PAGE (Fig. 1). Several major zones were found in the gel at positions 
corresponding to the HSV-1 NC structural proteins Мг 150K, 50K, 40K, 25K, 
12K described in previous studies (Gibson and Roizman 1972, Cohen et al. 
1980). Such NC preparations were used for immunization.

Rabbit sera were pbtained after 3 intramuscular injections of NC (15, 75, 
150 /ug, respectively) emulsified in Freund’s complete adjuvans. The intervals 
between antigen applications were 21 days. Blood was taken 10 days after the 
last antigen administration. Antibodies specific to NC were demonstrated by 
anti-complement immunofluorescence (ACIF) SPRIA and LPRIA (Table.

Table 1. Comparison of anti-XC serum titres determined by VX, ACIF and RIA

Immune serum Serum titre

VN» ACIFb LPRIA0 SPRIAd

anti-NC No. 1 2 40 100 000 1 024
anti-NC No. 2 2 80 100 000 512
anti-NC No. 3 2 40 50 000 374

aperfbrmed as described by Libíková et al. (1979); 
bperformed as described by Mat is and Rajčáni (1980);
CLPRIA titre was expressed as reciprocal value of serum dilution precipitating 50 % 125I-NC 
present in reaction mixture;
dSPRIA titre was expressed as reciprocal value of serum dilution giving 50 % decrease of bound 
radioactivity.
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Fi(|. 3.
Liquid-phase competitive-inhibition RIA 

with 125J.NC
Immune serum No. 1 was used at a dilu­
tion binding approximately 50% of the 
125I-NC. Dotted line determines the 
amount of competing antigen (1000 rig) 
decreasing 125I-NC binding by 50%. 
Ordinate: 125I-NC bound in the presence 
of various concentrations of competing 
antigen relative to 125I-NC bound in the 
absence of competing antigen. The values 
are corrected for nonspecific binding 
(noniinmune serum).
Abscissa: Amount of competing unlabel­
led NC present in the reaction mixture 
(ug as logio).

1). All sera were negative in virus neutralization (VN) test. Purified NC pre­
parations were thus apparently free of viral envelope antigens responsible for 
induction of VN antibodies.

Radioiodination and liquid-phase RIA
NC was labelled with l25I by chloramine T procedure as described in Mate­

rials and Methods and used for further radioimmunoprecipitation experiments. 
Sedimentation analysis of 125I-NC (specific radioactivity 74 кВ qjpo) showed 
that labelled particles maintained their structural integrity (results nol 
shown). SDS-PAGE analysis of 125I-NC revealed that out of many structurat

12-
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F««- 4-
Solid-phase RIA titration of anti-NC 

immune sera
Titration of immune sera No. 1 (O----- O)
No. 2 (□------ □), No. 3 (•-------#) and
nonimmune serum ( щ ■) by solid- 
phase RIA with immobilized NC was 
performed as described in Materials and 
Methods. Dotted line determines the RIA 
titre of immune serum No. 1 (compare 
Table 1).
Abscissa: reciprocals of serum dilution as 
log2.
Ordinate: amount of 125I-SPA bound in 
cpm . 10“3.
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Table 2. Comparison or anli-\C. serum \o. I in SPHIA titration iisíimj wet 
ami dry immobilized M.

NC proteins concentration SPRIA titreb
for immobilization in /xg/mla ----------------------- —---- ------------------- r———r—-—— ■■■■■ ,•

Dry immobilization Wet immobilization

20 384 1 024
10 192 1 024
5 192 768
2.5 48 256
1.25 16 64
0.65 16 16

a25 /Л of stock solution were applied into each well; 
bSPRIA titre were determined as defined in Table 1.

proteins only three (40K, 25K and 12K) were labelled (Fig. 1). The bulk of 
radioactivity, however, was seen in the front of migration (Fig. 1). Similar 
pattern has been obtained using IODO-GEN for NC labelling (results not 
shown).

Immunoprecipitation of 125I-NC tested by means of standard RIA proce­
dures (e.g. Russ et al., 1978) using nonionic detergent in reaction mixture gave 
poor results (Fig. 2-1), as we were unable to detect significant difference be­
tween the amount of 125I-NC precipitated with immune and nonimmune sera. 
Moreover, sedimentation analysis of 125I-NC treated with 0.5 % Triton X-100 
showed a partial disintegration of the viral subunits (results not shown). For 
these reasons we omitted Triton X-100 from the reaction mixture and we 
sonicated the immunoprecipitates in addition to their intensive washing (Fig. 
2-II) to decrease the binding of nonimmune sera to the 125I-NC. Using this 
modified procedure, we significantly improved the specificity of the assay so 
that it was possible to titrate the antibodies in antisera specific to NC at 
a sensitivity of at least 1000 times higher than by ACIF (Tab. 1).

The competitive-inhibition test was used for quantification of NC proteins. 
In this assay unlabelled NC were tested for the ability to compete with 125I-NC 
(5—10 ng 1251-NC per tube) for the binding to a limiting amount of antibody 
(Fig. 3). Amount of competing unlabelled NC proteins —- about 1000 ng — 
resulting in 50 % decrease of l25I-NC binding was relatively high. This reflects 
a weak interaction between 126I-NC and corresponding antibody, either due 
to the damage of antigenicity as a consequence of iodination procedure or 
a strong nonspecific binding of immunoglobulins to 125I-NC.

Solid-phase RIA with immobilized NC
Different concentrations of the purified NC were immobilized on polystyrene 

microtitre plates either by overnight incubation of the plates at 37 °C without 
cover which allowed the samples to dry (dry immobilization) or by overnight 
incubation of tightly covered plates at room temperature to prevent evapora­
tion of protein solution (wet immobilization). Thereafter the immunoadsorbents 
were saturated with BSA, incubated with diluted antiserum, washed and finally 
incubated with 125I-labelled protein A. Based on the results shown in Table 2



116 BYSTRICKÁ, M. et al.

Ftfl.
Solid-phase RIA competitive-inhibition 

test
Competitive-inhibition test was perform­
ed with immobilized NC (125 ng/well) as 
described in Materials and Methods. 
Anti-NC serum No. 1 was used at dilu­
tions 1:128 (O-----Ob 1:256 (ф-------ф),
1:512 (□------ □). Dotted line determines
the amount of competing antigen (200 ng) 
decreasing the binding of 125 I-SPA by 
50%, when antiserum was used at dilu­
tion 1:512.
Abscissa: the amount (ng) of competing 
antigen present in the reaction mixture 
(logio values).
Ordinate: amount of 125I-SPA bound in 
cpm . 10-3.

we have chosen for further experiments a wet immobilization of 125 ng of NC 
proteins per well.

The representative titrations of anti-NC sera are illustrated in Fig. 4 and 
the results are summarized in Table 1. Under the conditions employed, the 
titres were lower than those obtained by liquid-phase RIA using 125I-NC. 
The binding of nonimmune sera to immobilized NC in this case, however, was 
negligible. Therefore, solid-phase RIA with immobilized NC seems to be more 
suitable for determination of low levels of specific antibodies than liquid-phase 
RIA with 125I-NC.

In competitive-inhibition assay the NC in solution competed very efficiently 
with immobilized NC (125 ng per well) for a limiting amount of antibody. 
A 50 % competition was reached by adding of 200 ng NC proteins in solution 
(Fig. 5). The competitive-inhibition test proved suitable for quantification of 
small amounts of NC proteins.

Discussion
The purpose of this work was to develop liquid-phase and solid-phase RIAs 

using purified NC of HSV-1 for detection of viral antibodies and antigens and 
to compare both methods. We decided to use purified NC instead whole virions 
for two reasons: 1. NC could be purified to a higher degree of purity than ' 
virions, 2. antibodies against host antigens (oligosaccharide side chains, glyco- 
lipids, etc.) which might bind to whole virions and cause false positivity, do 
not bind to purified NC.
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The development of a sensitive and reliable liquid-phase RIA was compli­
cated by two facts. First of all, the iodination of purified NC, using standard 
procedure (e.g. chloramine T) had been poor and the resulting specific radio­
activity of our preparation was rather low (74 kBq///g). HSV-1 NC consist of 
six major polypeptides ranging from 12K to 155K. We have found, however, 
that only polypeptides 40K, 25K and 12K were iodinated. Moreover, in front 
of 12K polypeptide the bulk of radioactivity, probably corresponding to 
degradation products, has been detected in SDS-PAGE. Because all radio­
activity cosediment with NC particles, we assume, that these degradation 
products remained bound to the labelled particles. The reason for poor iodina­
tion of most NC polypeptides is not clear. It might be due either to low tyrosine 
content of corresponding polypeptides, or to inaccessibility of relevant amino 
acid residues, or to both. The preferential labelling of 40K dalton polypeptide 
with 125I might explain the development of sensitive LPRIA for this particular 
protein (Heilman et al., 1979).

Using standard LPRIA procedures (nonionic detergent in reaction mixtures, 
(e.g. Russ et al., 1978) we faced another problem, namely the low difference 
between binding of immune and nonimmune serum to 12eI-NC. We succeded 
to increase this difference (i.e. to improve the specificity of the assay) by omit­
ting the nonionic detergent from the reaction mixture and by intensive washing 
of immunoprecipitates combined with sonication. These modifications of the 
standard LPRIA conditions allowed us to detect anti-NC antibodies with 
sensitivity 1000 times higher than by means of ACIF. In contrast, sensitivity 
of estimation of NC proteins by competitive-inhibition RIA test was low 
(minimum 1000 ng) probably due to partial damage of important antigenic 
sites after radioactive labelling with 125I. In conclusion, for further develop­
ment of liquid-phase RIA seems to be crucial to apply more efficient as well 
as more gentle methods (e.g. Bolton-Hunter reagent) for NC iodination.

The second alternative of RIA, with unlabelled NC in solid-phase, gave very 
low binding of nonimmune sera to immunoadsorbent. This allowed us to 
evaluate also sera with rather low levels of specific anti-NC antibodies, although 
the final titres determined in solid-phase RIA have been generally lower as 
those from liquid-phase assay. Competitive-inhibition test was sensitive and 
suitable for estimation of small doses of NC proteins (down to approximately 
100 ng).

The direct quantitative comparison between liquid and solid phase RIAs 
is difficult because some antigenic determinants on immobilized NC might not 
be accessible for interaction with antibodies and because the exact quantity 
of immobilized NC is not known (Cantarero et al. 1980, Kennel 1983).

At present SPRIA seems to be a method of choice. Generally, RIA with 
immobilized antigen is rapid, simple and reproducible (Kalimo et al. 1977a, 
b, Colombatti and Hilgers 1979, Dreesman et al. 1979). For practical applica­
tions in diagnostic virology and basic Research (screening of sera and mono­
clonal antibodies) it is most important that assay with immobilized NC is 
particularly suitable for examination of great many samples. Moreover, radio­
active detection of bound antibodies can be easily replaced by immunoenzy- 
matic and the assay can be transformed to ELISA.
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Explanation of Figure (Plate XXIV):
Fig. I. SDS-PAGE of HSV-1 NC structural polypeptides.

Left lane: 125I-labelled NC structural polypeptides detected by autoradiography. The arrow 
indicates the presence of low-molecular weight degradation products.
Right lane: NC polypeptides detected by staining with Coomassie Brilliant Blue R-250. 
Major NC structural polypeptides are indicated with corresponding molecular weights (Mr . 
10-*).


