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ABSTRACT

Tissue of Chenopodium capitatum was harvested 14,
21 and 28 days after inoculation with the Saguaro Virus. 
Virus was purified within 12 hours after harvest and por
tions were electrophoretically analyzed at intervals. Some 
portions were dialized overnight against either 8% formal
dehyde or 1 M NaCl. All virus treatments were stored in 
buffer at 4°C and were subjected to periodic electro
phoretic analysis.

The relative electrophoretic mobility of virus 
bands decreased in storage. This resulted from a decrease 
in the mobility of the slower migrating band which occurred 
rapidly with virus harvested from 28 day infections but 
was delayed in virus from 14 and 21 day infections. For
maldehyde and salt treated virus reacted the same as un
treated virus. During storage, both electrophoretic 
components maintained their infectivity.

It appears that a change in conformation of the 
virus or amino acid loss takes place during storage which 
is dependent on the period of both infection and storage.
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INTRODUCTION

Polyacrylamide gel electrophoresis has been used 
to fractionate and characterize a variety of virions (2, 12, 
14, 18, 20, 21), including giant T4D particles (5). Both 
isometric and filamentous viruses have been characterized 
by this method (19, 22). Electrophoretic mobility has been 
used to separate virus mixtures (22); for comparison of 
centrifugal and electrophoretic components (1); and more 
recently to determine the effects of environmental condi
tions, age of leaf, and method of purification and length 
of storage (3).

The work of Blevings and Stace-Smith (3) and 
Geelen, Rezelman, and Van Kammen (9) with members of the 
Copo Viruses indicates the significance of length of infec
tion and storage on electrophoretic analysis. With these 
viruses, length of infection affects a conversion between 
electrophoretic forms and during storage conformational 
changes occur. The conformational changes do not correspond 
to changes occurring during infection. Failure to consider 
changes during storage initially led to ungrounded hy
potheses (9, 17), suggesting the need to determine the 
effects of storage on members of other virus groups.
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In this study, I examined the effects of the 
period of infection and storage on Saguaro Virus.



MATERIALS AND METHODS

Propagation and Purification Procedures 
Chenopodium capitatum plants were mechanically in

oculated with Saguaro Virus (SV) and maintained in a 
chamber at 22°C with a day length of 11 hours. Tissue was 
harvested 14, 21, 28, and 80 days after inoculation, ground 
with a blender in 0.1 M pH 5.1 acetate buffer (w/v = 1/2) 
and strained through cheesecloth. Three cycles of dif
ferential centrifugation (10,000 g for 15 minutes, 27,000 g 
for 2 hours) were completed within 12 hours after harvest. 
Pellets were resuspended by agitation and equilibrated for 
one-half hour at 4°C.

Electrophoresis Procedures 
A modification of Bourque's technique (4) (Table 

A-l) for preparing the gels was used. Electrophoretic 
grade acrylamide, N ,N '-methylenebisacrylamide, agarose 
(Bio-Rad Laboratories, Richmond, California) and N,N,N,,N'- 
tetramethylenediamine (TEMED) (Eastman Organic Chemicals) 
were used. All other chemicals were reagent grade.

Agarose stock solutions were brought to boiling 
for 15 minutes with a small quantity of activated charcoal. 
This solution was filtered once through a layer of number 1
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4
qualitative Whatman filter paper and then through two 
layers of number 2 Whatman filter paper. Aliquots were 
stored in flasks at 4°C or frozen until use.

Acrylamide, buffer and TEMED were mixed while the 
agarose was being remelted and both solutions were incu
bated at 42°C for 30-60 minutes. When the solutions had 
equilibrated, the acrylamide solution was poured into the 
agarose solution, the mixture was degassed under vacuum,
and ammonium persulfate added and mixed gently. Plexiglass

Rtubes, sealed on one end with Parafilm , were filled uni
formly to 15 mm from the top. Polymerization was completed 
in 10-15 minutes, the parafilm removed, and the gels moved 
to the opposite end of the tube by gentle tapping so that 
the sample could be applied to the end flattened by the 
parafilm. The opposite end of the tube, with the convex 
end of the gel, was covered with dialysis membrane while 
being held under reservoir buffer (to prevent air bubbles 
from being trapped between the membrane and the gel). The 
gel tubes were then inserted into the electrophoresis 
apparatus and positioned vertically and parallel to each 
other. Prechilled reservoir buffer was added to the upper 
(cathode) and lower (anode) chambers and the apparatus was 
placed in a refrigerator at 4°C.

Virus preparations containing 10 micrograms of 
nucleic acid, in 2 to 50 microliters of acetate buffer,
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were mixed with bromophenol blue tracking dye, a grain of 
sucrose and were layered on the gels. Electrophoresis 
proceeded at Ah volts/gel (0.5 mA/gel) for 45 minutes, then 
at 8% volts/gel (1.0 mA/gel) for 45 minutes.

Gel Analysis Procedures
After electrophoresis, gels were scanned on a 

Gilford model 2000 spectrophotometer equipped with linear 
transport. Gels were scanned at 260 nm before and at 
590 nm after staining. The background absorbance of the 
gels was similar to those of Bourque and Naylor (4) and was 
subtracted with the digital absorbance control. Gels were 
stained in Amido Black 10 B or Methylene Blue for at least 
45 minutes and destained with two changes of distilled 
water within a 4-5 hour period, then left overnight in 
either 7% acetic acid or methanol, acetic acid and water 
(5:1:5) (22). Stained gels remained more pliable when
stored in the methanol, acetic acid and water solution.

Migration of the two major virus bands relative 
to the origin of the sample was used to calculate the 
relative mobility (3). The distance the slower band moved 
(Sd) was compared to the distance the faster band moved 
(Fd) so that a decrease in the ratio of Sd/Fd indicated 
the difference in mobility between S and F increased.

Band locations were determined from spectrophotometer 
scans as well as by hand measurement of stained gels. Uneven
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compression of stretching of tight fitting gels in scanning 
cuvettes sometimes occurred. Measurement by hand circum
vented this problem by sliding the gels down a piece of 
plastic sheeting, which was fixed at a slight angle, 
allowing them to rest against a ruler. The two measuring 
techniques were statistically comparable. Measurements 
of 11 gels by methods were not significantly different 
(Spearman Rank correlation? p = 0.001, T = 5.09). Hand 
measurements were used for the relative mobility data pre
sented in this study.

Effect of Infection and Storage Periods on 
the Electrophoretic Mobility of the Saguaro Virus

Purification steps were completed 12 hours after 
each harvest and electrophoretic analyses began and were 
continued periodically for 50 days. Formaldehyde and salt 
treatments were used to fix virus and reduce the activity 
of contaminating enzymes, and to alter protein structure 
(23) respectively. Immediately after differential cen
trifugation, portions of the virus were dialyzed overnight 
at 4°C against 8% formaldehyde (8) and 1 M NaCl in 0.1 M 
pH 5 acetate buffer. Treated virus preparations were con
centrated the next day at 27,000 g for 2 hours, resuspended 
in buffer, and analyzed electrophoretically at intervals 
during the 50 day test period. Virus remaining in formal
dehyde and salt was retained and analyzed similarly.



Untreated and formaldehyde treated virus experiments were 
analyzed twice and each virus sample was analyzed twice. 
The entire experiment also was repeated with another 
isolate of SV:SVY (23).

Infectivity and Serological Assay Procedures
Gel slices containing virus were homogenized by 

hand on carborundum dusted leaves of Chenopodium amaranti- 
color leaving a thin coat of gel on three half-leaves.
The gel was rinsed-off after 5-15 minutes with 0.1 M pH 
7.1 phosphate buffer. The number of lesions was recorded 
two weeks after inoculation. Gel slices from between the 
two main bands were used for controls and in some of these 
controls the gel was not rinsed-off with buffer.

Serological activity was determined by incubating 
the gel at 22-25°C in a small test tube containing a few 
drops of antisera and 0.00002 M sodium azide. When pre
cipitin bands had formed, the excess antisera was removed. 
Sap from non-inoculated C. capitatum was treated electro- 
phoretically and used for controls.



RESULTS

Effect of Infection and Storage Periods on the
Electrophoretic Mobility of the Saguaro Virus
Initially, Saguaro Virus harvested 14, 21 and 28 

days after infection had similar mobility ratios. During 
the first two weeks of storage, virus band ratios decreased 
in relation to the length of infection. During the fourth 
to sixth weeks the ratios increased and the experiment 
was terminated (Fig. 1). Virus harvested 80 days after 
infection had identical ratios and rates of change as virus 
harvested 28 days after infection. Formaldehyde and salt 
treated virus followed the same trend as untreated virus, 
with many identical ratios. SVY had the same trend as SV 
(Fig. 2), but with more erratic ratio changes and less 
correlation between formaldehyde, salt and untreated virus.

Untreated virus produced two major bands and an 
occasional minor band; formaldehyde treated virus produced 
two major bands and 2-3 minor bands; salt treated virus 
produced two bands. Virus remaining in formaldehyde and 
salt had the same number of bands as dialyzed virus, but 
relative mobility ratios were erratic. In all gels the band 
which migrated the fastest was the major component (Fig. 3) 
and the slower bands contained successively less virus.
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Figure 1. Effect of period of infection and storage on the Saguaro Virus.
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Figure 2. Effect of period of infection and storage on the Saguaro 
Virus (Yoshimura strain).



(a) (b) (c) (d)

Figure 3. Acrylamide-agarose gels showing bands 
formed by Saguaro Virus.
(a) freshly purified; (b) after storage; (c) freshly 
purified and treated with 1 M NaCl; and (d) freshly 
purified and treated with 8% formaldehyde. Migration 
is from top to bottom with the anode at the bottom.
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The same number and relative proportion of bands were found 
when scanned at 260 nm or 590 nm and when stained with 
Methylene Blue or Amido Black 10 B.

Infectivity and Serological Assay Procedures
Both major electrophoretic components were in

fectious (Table 1). No significant change in infectivity 
occurred during the 50 days of storage. Formaldehyde 
treated SVY was not completely fixed, and fast component 
was more susceptible to fixation.

Only the fast component showed serological ac
tivity.



Table 1. Infectivity of fresh and stored electrophoretic components of the 
Saguaro Virus.
Virus was harvested 28 days after infection; storage was for 2 weeks.

Untreated 8% Formaldehyde 4% NaCl
Slowa Control Fast Slow Control Fast Slow Control Fast

Fresh 202b 8 317 0 0 0 214 3 202
Stored 219 16 333 0 0 0 _c 24 293
Fresh
(Yoshimura
strain)

298 6 419

Stored
(Yoshimura
strain)

267 9 399 193 7 0 249 118 45

a. Slow and Fast identify the bands by relative migration in the gel; Control re
fers to the zone between the bands.
b. The sum of lesions on 3 half-leaves.
c. Leaves missing or treatment not made.



DISCUSSION

Blevings and Stace-Smith (3) demonstrated electro
phoretic differences in Broad Bean True Mosaic Virus 
(BBTMV) due to environment, age of leaf, method of puri
fication and length of storage. BBTMV is similar to SV in 
that both give similar mobility ratios with freshly pre
pared virus regardless of length of infection, but no 
tests were made with BBTMV to determine if differences 
occurred during storage of virus related to length of in
fection. My work was based on the observation that changes 
were occurring in storage and that these changes were 
affected by the length of infection period.

This study indicates (Figs. 1 and 2) that virus 
purified after a short infection period is more resistant 
to change than virus with a lengthy infection period.
When viewed another way, however, all changes in relative 
mobility occurred 28-30 days after infection, and in longer 
periods of infection a change occurred 2-3 days after 
purification. Therefore, in the former interpretation 
infection length is the primary factor affecting the change 
occurring during storage; in the later interpretation 
infection length is not the primary factor although pro
longed infection delays the change. Since there is no

14
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change occurring during infection, regardless of the length 
of infection, the former view is favored.

Blevings and Stace-Smith (3) suggested contaminating 
enzymes caused the changes during storage, but this may 
not have been the case with SV as formaldehyde treated 
virus changed in the same fashion as untreated virus. The 
factors which could affect mobility would be a conforma
tional change or amino acid loss due to a weak linkage. 
Nelson and Tremain (15) found the electrophoretic forms of 
stored SV contained similar amino acid compositions, but 
small differences may not have been detected due to the 
sensitivity of the method of analysis. Apparently, there 
is a predisposing "factor" influenced by lengths of in
fection and storage which produce a conformation change or 
amino acid loss during storage of the virus. Alternatively, 
28-30 days after infection (or soon after purification with 
infections over 28-30 days) the change occurs due to an 
unknown factor in the virus population, and this factor is 
inoperative as long as the virus population remains in 
the host.

Serological reactivity of only the fast component 
suggests the presence of a contaminating virus in the 
experiments run with both SV and SVY. This was assumed 
not to be the case considering the similar amino acid 
analysis of the electrophoretic forms (15), and Turnip
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Yellow Mosaic Virus reacts with only one (of two) com
ponents (22). It may be that the antigenic site is on the 
fast component, but most likely the failure of the slow 
component to react was due to the low concentration in the 
gel.

Saguaro Virus did not undergo the conversion be
tween electrophoretic components which has been described 
for BBTMV and other members of the Copo virus group (1, 3, 
10, 11, 16). Assays of infactivity showed that SV is not 
as Arabis Mosaic Virus, which has nucleic acid in only one 
electrophoretic component (6). Width of bands did not 
suggest aggregation (10), and the sharpness of bands 
indicated that the changes taking place were stepwide and 
uniform (7, 9).

)
I propose that length of infection is a primary 

factor influencing changes in stored Saguaro Virus.
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SUPPLEMENTARY TABLES
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Table A-l. Proportions of stock solutions used to prepare

0.5% agarose acrylamide gels of various final 
acrylamide concentrations by Bourque and 
Naylor (4).
All volumes of reagents for 14 gels in ml 
except where otherwise indicated.

% Acrylamide Concentration
2.00 2.50 3.00 3.50

Agarose 0.16g 0.16g 0.16g 0.16g

H2° 22.6 21.8 21.0 20.2
Buffer (10 X) 3.2 3.2 3.2 3.2
TEMED (3.2%) 2.0 2.0 2.0 2.0
Acrylamide (20%) 3.2 4.0 4.8 5.6
Ammonium persulfate (0.8%) 1.0 1.0 1.0 1.0
Total volume 32.0 32.0 32.0 32.0



19
Table A-2. Proportions of stock solutions used to prepare 

0.5% agarose acrylamide gels of various acryla
mide concentrations modified from Loening (13).
All volumes of reagents for 14 gels in ml 
except where otherwise indicated.

% Acrylamide Concentration
2.00 2.50 3.00 3.50

Agarose 0.16g 0.16g 0.16g 0.16g

H2° 21.0 20.4 19.8 19.2
Buffer (5 X) 6.5 6.5 6.5 6.5
TEMED 21.6 21.6 21.6 21.6
Acrylamide (15%) 4.3 4.9 5.5 6.1
Ammonium persulfate (10%) 0.22 0.22 0.22 0.22
Total volume 32.0 32.0 32.0 32.0



Table A-3. Electrophoretic analysis and assay of several virsus.

Virus HOst
Infection
Time
(days)

Purification3 
Time (days)

Number 
of Bands

Homologous
Serological
Reaction Infectivity*3

CaMV Tobacco 30-60° 12 1 + 91
SMV Cantalope 30-60 9 1 + 0
PMV Tobacco 14,28 2 2 d 36
TMV Tobacco 30-60 2 2 + 72

a. Time between first and second cycles of differential centrifugation.
b. Sum of lesions on three half-leaves.
c. Exact length not known.
d. Antisera not available.
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