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Abstract. High titered and highly virus-specific antisera to selected PVY0 and PVY" an-
tigens and their mixture were produced in rabbits. Immunoglobulins purified from the anti-
sera with the protein A method and their enzyme conjugates had very strong virus-specific but
no non-specific reactions in the ELISA test. Their homologousreactions to the antigens were
stronger than heterologous but any PVY isolate could be identified in a potato leaf sample
with the dilutions between 10~2 and 10~3 and in a sample from sprouted tubers with second-
ary infection diluted between 10~' and 10~2 .

Introduction

The ELISA test (Enzyme-linked immuno-
sorbent assay) (Clark & Adams 1977) is now
routinely used in many countries for potato
virus identification. The main advantage of
the test is its ability to identify potato leaf
roll virus (PLRV) (Casper 1977) and most
other viruses in tuber sap (de Bokx et al.
1980, Daniel & Hunnius 1980, Banttari &

Frank 1982).
The problems in the test caused by too

high specificity or distinct virus strains have

been reported by Maat and de Bokx (1978),
Liu and Duffus (1982) and Kurppa (1983).
Non-specific reactions in the ELISA test
have been widely found particularly when vi-
ruses are identified in potato tubers. Non-
specific absorbance values from healthy tu-
bers have varied depending on the cultivar
tested and the physiological stage of the tu-
ber (de Bokx et al. 1980, Tamada & Harri-
son 1980). The aim of this study was to pre-
pare polyclonal immunoglobulin reagents to
potato virus Y strains Y° and Y" to be used
in the ELISA method with high virus-speci-
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ficity but without too high strain or isolate
specificity.

Materials and methods

The antigens for the study were selected
according to the previous study of PVY di-
versity in Finland by Kurppa (1983). The se-
lected isolates of PVY° and PVY n strains
were serologically more related to the hetero-
logous strain than which is normal. Also a
purified mixture (1 : 1) of the antigens was
used as an immunogen in antiserum produc-
tion.

The antigen of the PVY 0 strain was puri-
fied from the leaves of Nicotiana glutinosa
and the antigen of PVY" strain from the
leaves of N. tabacum cv. Samsun with sys-
temic infection. The purification method of
Leiser & Richter (1978) was used with mi-
nor modifications. The antigens were finally
purified in the density gradient centrifuga-
tion in 5—35 *Vo (w/v) of sucrose just before
they were needed for the immunization into
the rabbits.

The rabbits were immunized with subcu-
taneous injections of 200 /eg of virus in 500
/d buffer mixed with equal volume of
Freund’s adjuvant. Complete adjuvant was
used for the first injection and incomplete
for the following injections. The procedure
for immunization and the titers of the anti-
sera are presented in the table 1.

Antiserum collection was started four
weeks from the first injection and after that

the rabbits were bled at about 2—3 weeks in-
tervals. 20—30 ml of blood was taken at each
bleeding.

The titers of the antisera were determined
with the microprecipitin test against purified
virus preparates and with the agglutination
test against healthy and infected tobacco sap.
The properties of the antisera for the prepa-
ration of reagents for the ELISA test were
determined several times during the antise-
rum production procedure. Total immuno-
globulin fractions were separated from the
antisera using protein A-Sepharose CL 4B
and Sephadex G-25 gels and FRAG-300,
UV-Z and REC-2 chromatographic equip-
ments (Pharmasia, Sweden). The enzyme
conjugates were prepared as described by
Clark & Adams (1977). For the ELISA test
EIA-Grade Cuvette blocks (Labsystems Ltd,
Helsinki) and Microstrip® plates (Eflab,
Helsinki) were used.

For the readings of test results thephotom-
eters (FP-9 and Titertek Multiscan, Eflab)
were calibrated either using distilled water to
show all possible non-specificity in the tests
or using fresh substrate solution to obtain a
comparable 0-standard for the routine test
readings. The virus-specific reaction was cal-
culated as an absorbance ratio of virus in-
fected and healthy test samples (see Kurppa

1983). The value of each reagent was widely
tested in routine tests of healthy potato tuber
and leaf samples and similar samples in-
fected with known PVY isolates. Also field
material of several potato cultivars were
tested.

Table 1. Injection and sampling schedules, and homologous titers of the antisera as determined with the micropre-
cipitin test. I = injection

Time in weeks and the titers

Antigen 0 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

PVY° 1/1024 1/2048 1/4096 1/4096 1/4096 1/4096 1/4096
t I t t 1

PVY" 1/2048 1/4096 1/8192 1/8192 1/8192 1/8192 1/4096
It It I

PVY0 *" 1/1024 1/2048 1/2048 1/4096 1/8192 1/4096 1/4096
t I It t
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Table
2.
The
homologous
titration

absorbances
for
three

PVY
reagents
in
the

ELISA
test.

The
immunoglobulins

used
tor
the
test

reagents
were

purified
from

antisera
taken

eight
weeks
from
the
first
injection
into
the

rabbits.
Dilutions
of
infected
and
healthy
tobacco
(N.
labacum
cv.

Samsun)
leaf

sap
wereused
as
test

samples
and
sample

buffer
as
a

control.
Substrate
incubation

was
carried

out
1

h
at

22°C
and
the

photometer
was

calibrated
using

distilled
water.

Absorbance
at
405

nm

Coating
dilution/conjugate

dilution

Reagent
and

test
sample

2
"

g/ml

'

"

g/ml

°'
5

"

g/ml

PVY
0

1/200
1/400
1/800
1/1600

1/200
1/400
1/800
1/1600

1/200
1/400
1/800
1/1600

PVY»
tobacco

10-'

5.136
4.836
2.883

1.553

4.543
4.688
2.892

1.497

3.808
2.731

1.864
.747

—»—

10-
2

3.195
2.502
2.026
.671

2.839
2.378

1.916
.494

2.310
1.823
1.547

.363

Healthy—»—

10-'

.345
.227
.168
.103

.333
.172
.126
.093

.338
.276
.151
.097

Sample
buffer

.504
.338
.187
.122

.454

.241

.156

.123

.500

.401

.320
.129

PVY"
PVY"

tobacco

10-'

5.300
5.300
4.872
3.224

5.230
4.764
4.124
2.284

3.648
3.114

1.916
1.238

—»—

10-2

3.408
2.461

1.812
1.176

3.448
2.678

1.970
1.180

2.324
2.076

1.367
.843

Healthy—»—

10-'

.158

.141

.091

.093

.163
.101

.094
.092

.176
.186
.115
.087

Sample
buffer

.239
.160
.115
.096

.149
.115
.107
.085

.181

.171

.117
.091

PVY
0
+

"

pyy»+

"

tobacco

10-'

4.052
5.301
5.280
4.584

4.848
4.840
4.163
3.625

4.315
4.044
3.983
2.984

—»—

10-2

4.173
5.290
4.500
3.590

4.200
5.166
4.667
3.257

4.826
3.987
3.823
2.638

Healthy—»—

10"
1

.257

.196
.152
.100

.248
.166
.124
.104

.254
.233
.149

.104

Sample
buffer

.321

.261

.166

.121

.355
.177
.138
.118

.423

.259

.183

.132

Table
3.

Homologous
and
heterologous

reaction
absorbances
for
three

PVY
reagents
in
the

ELISA
test

when
potato
and
tobacco
leaf
samples
infected
with
various
isolates

of
Y°
and
Yn
strains

weretested.
Plate
coating
and
conjugate

dilution
was
c.
1

Ig/ml
and
the
substrate
incubation
time

was30
min
at

22°C.
The
figures
show

the
meanabsorbance

values
for
3x5
samples.

For
photometer
calibration

distilled
water

wasused.

Sample
and
the

absorbance
at
405

nm

Potato
leaf

sap

Tobacco
leaf

sap

Healthy
controls

R

nt

PVY"

PVY"

PVY»

PVY"

potato
tobacco
sample

10-'

10~
2

10-'

10~2

10-'

10-2

10-'

10-2

10_1

10
~'

buffer

PVY°

.725

1.773

1.813

2.000

.999

1.446

1.279
1.991

.077

.081

.084

PVY"

1.673

1.437
>2.000
>2.000

>2.000
1.749

>2.000
>2.000

.055

.058

.070

PVY°
+

"

1.212

1.612

1.860
>2.000

>2.000
1.863

>2.000
>2.000

.064

.066

.078

91



92

Results

The titers of the antisera produced reached
high level within four weeks from the first in-
jection. All homologous titers were 1/1024
and heterologous 1/512 or higher when de-
termined with the microprecipitin test or
with the agglutination test. No reaction to
host protein was detected. The titers rose
further during the following weeks and the
values of 1/8192 or 1/4096, respectively,
were reached. The titers of the antisera re-
mained high for several weeks after injec-
tions (Table 1) and the non-specific reaction
to plant sap remained significantly low dur-
ing the following weeks of the immunization
program.

In addition the purified immunoglobulin
fractions (Ig) and their enzyme conjugates
(Elg) showed high virus-specificity in the
ELISA test when suitable dilutions were
used. Almost no reaction was found to the
host species from which the antigens for the
antiserum production were purified and the
absorbance values in the tests often remained
lower than those for sample buffer (Table 2).
All Ig dilutions (2, 1 and 0.5 fig of Ig/ml and
Elg dilutions (1/200, 1/400 and 1/800) in
different combinations gave high absorbance
values in the tests but the highest specificity
was found when Ig concentration of 1 /ig/ml
and Elg dilutions of 1/400 or 1/800 (c. 2.5
and 1.25 /ig Ig/ml) were used.

Significant strain specificity was found
when PVY strains were identified in tobacco
and potato leaf sap with the ELISA test.
However, the heterologous reactions ofall of
the test reagents were strong (Table 3). The
virus concentration of Yn strain samples
proved to be higher than that of Y° strain
samples and higher absorbance values were
therefore read for the former in most cases.

All reagents gave strong virus-specific
reactions and no significant reaction to plant
proteins was detected. If the photometer was
calibrated using fresh substrate solution the

absorbance values for healthy plant samples
were equal to ± 0.000.

In serial dilutions of potato leaf sap with
secondary infection PVY could be reliably
detected in a dilution of 10~2 or 10“ 3 (Fig.
1). The test reagents for the Y" strain were
found to be extremely virus-specific and no
significant background problems existed,
even if substrate incubation times of several
hours were used. Absorbance values were of-
ten obtained for samples of 10~' dilution
that were higher than for undiluted samples.

In potato tuber samples with secondary in-
fection PVY could be reliably detected in a

Fig. I. Specific reaction ratios for PVY-ELISA-re-
agents calculated from the absorbance values
of undiluted and diluted PVY infected (A v )

and healthy undiluted samples (A h„). Substrate
incubation was carried out for 30 min at 22°C.
The photometer was calibrated using fresh
substrate solution.
• • •

= Yn reagent =Y n samples
O O o = Y° reagent = Y° samples
+ + + = Y° +" reagent



dilution of 10~* or 10-2 (Fig. 2). Absorb-
ance readings higher than 2.0 were often ob-
tained for the samples with 10_l dilution
when routine method with one hour’s sub-
strate incubation time was used. No prob-
lems arose from the low virus concentration
or nonspecific reactions when presprouted
tubers of several potato cultivars were tested.
The variation in the absorbance values for
different virus isolates tested in the tubers

was smaller than if the viruses were tested in
leaf samples. However, the absorbance val-
ues for any healthy sample always remained
low and no significant variation between
comparable samples was found.

Discussion

The high virus-specificity in the antisera
produced by low dosage injections into rab-
bits agree with the results of Richter et al.
(1979) and Clarke (1981). Also the titers of
the antisera were high compared to the re-
sults obtained with subcutaneous injections
into rabbits.

No significant disadvantages were found
when using the total immunoglobulin fraction
instead of the recommended 7-globulin frac-
tion (Clark & Adams 1977) for the ELISA
test.

The selection of the known virus isolates
for the antiserum production yielded antisera
with the properties desired and the restricted
strain or isolate specificity reported by
Maat and de Bokx (1978) was avoided. The
absorbance values obtained in the tests were
primarily related to the virus concentration
in the sample.

The reason for the higher absorbance val-
ues from the leaf samples after dilution com-
pared with undiluted samples was possibly
due to particle aggregation in the undiluted
sap. In dense aggregates fewer serologically
active determinants are free to react with the
antibodies than in the solutions containing
non aggregated particles in equal or even in
lower concentrations. Similar phenomen
have previously been reported (Kurppa
1983).

The specific absorbance values calculated
for the ELISA test reagents (specific immu-
noglobulin and its conjugate) made of the
antisera produced in this study were remark-
ably higher than those calculated from the
results of Maat and de Bokx (1978) and
Daniel and Hunnius (1980). They were also
higher than earlier reported by Kurppa

(1983) or calculated from the readings ob-

Fig. 2. Specific reaction ratios for PVY-ELISA-re-
agents calculated from the absorbance values
of undiluted and diluted potato tuber samples
with secondary PVY infection (A v ) and healthy
undiluted tuber samples (Aho). Subsfate incu-
bation was carried out for 30 min at 22°C. The
photometer was calibrated using fresh sub-
strate solution.
• • • = Yn reagent =Yn samples
O O O = Y° reagent = Y° samples
+ + + = Y° + n reagent
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tained with commercially available test rea-
gents in this study.

The monoclonal antibody preparates for the
ELISA test have some obvious advantages
over polyclonal preparates when used for
specific purposes. In the identification of po-
tato viruses, excluding PLRV, the desired re-
action sensitivity and broad specificity to the
strains and isolates is easily obtained if the
virus antigens for the antiserum production
are carefully studied and selected. The sero-
logic suitability, high virus-specificity and
the lack of non-specific reactions determine

the value of an antiserum preparate. From
this study it is clear that highly virus-specific
but not too strain-specific polyclonal anti-
bodies are desirable for the identification of
potato viruses with the ELISA technique.
For good results, carefully selected and puri-
fied virus antigens are necessary and low
dosage injections into rabbits are recom-
mended.
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SELOSTUS

Luotettavasti toimivia vasta-ainereagensseja
perunan Y-viruksen määrittämiseen ELlSA-
menetelmän avulla

Aarne Kurppa
Helsingin yliopisto, kasvipatologian laitos,
00710 Helsinki 71

Kirsi Korhonen
Labsystems Oy,
Pulititte B—ll, 00810 Helsinki 81

Helsingin yliopiston kasvipatologian laitoksen ja Lab-
systems Oy:n yhteistutkimuksena valmistettiin perunan
Y-viruksen vasta-aineita ELISA-menetelmän (enzyme-
linked immunosorbent assay) avulla tehtäviä rutiinimää-
rityksiä varten. Vasta-aineiden avulla voitiin osoittaa
luotettavasti erittäin alhaisia viruskonsentraatioita eri-
laisista kasvinäytteistä, koska ne eivät reagoineet vastaa-
viin terveisiin näytteisiin.

Vasta-aineet valmistettiin maassamme eristetyille pe-
rusteellisesti tutkituille Y-viruksen rotujen Y° ja Y" iso-
laateille, joiden oli todettu reagoivan keskimääräistä
voimakkaammin vieraan rodun vasta-aineisiin. Myös vi-
rusrotuseokselle valmistettiin vasta-aine.

Adjuvanttiin sekoitettu virusantigeeni injektoitiin ka-
nien selkänähän alle. Menettely todettiin helpoksi ja
koe-eläinten terveydentilan kannalta erittäin hyväksi.

Vasta-aineseerumien tiitterit kohosivat korkeiksi
(1/4096 —1/8192) pienistä 200 fig:n injektointiannoksis-
ta huolimatta. ELISA-menetelmän määritysreagenssien
valmistamiseen käytettiin 7-globuliinifraktion sijasta
kokonaisimmunoglobuliinifraktiota, joka erotettiin raa-
kaseerumista proteiini-A-menetelmää käyttäen.

Reagensseilla voitiin täysin luotettavasti määrittää pe-
runan Y-virus 10~2 tai 10~3 laimennetusta perunan leh-
timehusta ja KM tai 10~2 laimennetusta hieman idäte-
tyn mukulan mehusta. Perunalajike ei vaikuttanut mää-
ritystulosten luotettavuuteen.

Tutkimuksessa valmistetut testireagenssit toimivat
luotettavammin kuin maassamme aikaisemmin valmiste-
tut tai ulkomaiset myytävänä olevat vastaavat reagens-
sit. Valmistetut uudet määritysvasta-aineet sopivat eri-
tyisesti Suomen oloihin.
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