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ABSTRACT
Surveys of a population of saguaro cactus (Carnegiea
gigantea) over a two year period showed an increase in in
fection by the saguaro virus of 2-3% per year.

An infection

rate of 75% was also recorded in an isolated area where 20
saguaros were sampled-

The virus infected representative

plant species .in five of six families in the Caryophyllales
tested and was easily transmitted mechanically to and re
covered from one-week-old saguaro seedlings.

The introduc

tion of the virus into the desert biome through weeds or
ornamentals is therefore highly possible.

Carnation mottle

virus, a virus with physical and biological characteristics
similar to the saguaro virus, was found to occur naturally
in nursery purchased carnations and was also mechanically
transmitted to and recovered from one-week-old saguaro
seedlings.

Although the viruses are chemically and sero

logically different, the possibility exists that the carna
tion mottle virus has become established in the saguaro
population.
The saguaro virus remained physically and bio
logically stable in buffers of low molarity between pH 3 and
7, where sedimentation rates and infectivity were not
altered.

Use of 0.1 M pH 5 acetate buffer appeared to be

the best for stability of the virus as slight degradation
viii

was noticed at pH 7 and at 0.25 M pH 3.

The virus was de

graded in low concentrations of SDS and was also found to be
sensitive to ribonuclease activity and to degrade in 1 M
NaCl at pH 8 and 9, properties which indicated that the
virus contained dominant protein-RNA interactions.

Degrada

tion did not occur in solutions of high concentrations of
salt at pH 5 and 7, indicating the possible presence of
secondary protein-protein interactions stabilizing the
nucleoprotein particle.

However, an accessory, 80 S

component was produced in 1 M NaCl and in CsCl gradients at
pH 5 and 7.

This "swollen" particle was 5 nm larger in

diameter than the normal 32 nm particle and had little or
no infectivity associated with it.

No correlation could be

made between the two components produced in solutions of
high salt concentration and the three electrophoretic com
ponents of the virus.

Indications of a second strain of the

virus were found during electrophoresis of another isolate.
This isolate produced a wide middle band while the first
isolate yielded a wide bottom band.

INTRODUCTION
The saguaro cactus, often referred to as the
"Monarch of the Desert," is the largest cactus in the United
States, growing as tall as fifty feet and weighing as much
as five tons.

The saguaro is native to the Sonoran Desert

and its presence is one of the major characteristics which
distinguishes this desert from others.

The Indians of

southern Arizona have long used the saguaro as a source for
food and wood.

The ripe fruit, harvested during the summer,

has been used for jam and wine, and its seeds for meal or
chicken feed, while the ribs taken from fallen, dead plants
have been used for making furniture, parts of houses, or for
toys.

The saguaro has thus provided much more than mere

aesthetic value for the people of the Sonoran Desert.
The massiveness of the saguaro makes for instant
recognition of its presence by all those living in or
travelling through the deserts of southern Arizona.

Con

servationists and lovers of desert vegetation can thus
quickly notice any decline in the health or the loss of
present stands of this cactus.

The harming and killing of

the majestic saguaro, some estimated as being 200 years old,
creates even more concern in areas where regrowth of the
cactus is not seen.

Although failure of regeneration of

young saguaro may be due to changing climatic conditions, a
1
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natural, uncontrollable phenomenon, the present trends of
the public to retain the natural appearance of the deserts
demand more careful studies of every aspect in the life of
the saguaro.

Disease studies are especially important as

exemplified by the destructive nature of bacterial necrosis,
a disease which often quickly kills saguaros in their prime.
The discovery of a virus in the saguaro necessitated
the study of the virus even though no effects on the cactus
could be noticed.

Should later studies indicate that an

interaction occurs which is detrimental to the cactus, the
determination of the various characteristics of the virus
and of the epidemiology of the disease could increase the
chances of preventing an epidemic.

The present study there

fore undertakes to determine a probable manner by which the
saguaro virus became established in the saguaro and some
factors which affect the stability of the virus particle.

LITERATURE REVIEW
The saguaro virus (SV), the first virus found in the
giant saguaro (Carnegiea gigantea [Engelm.] Britton & Rose),
was discovered during a survey of cactus viruses in Arizona
(43, 44).

Subsequent investigation showed the virus to be

an isometric particle 32 nm in diameter (45) containing 17%
single stranded RNA (1.4 x lO^MW) and 83% protein, and
having a sedimentation coefficient of 118 S (46).

The virus

was easily transmitted mechanically, but as yet no vector
has been found (45).
The detection of the virus was best accomplished by
assaying reproductive tissue rather than vegetative tissue
of saguaro (44).

Surveys in which buds, flowers, or fruits

were sampled showed infection of a saguaro population as
high as 45% (45).

However, no virus was found in saguaros

sampled which were distant from urban or agricultural
regions (45).
The saguaro virus was not detected in any cactus
except the saguaro during surveys of the vegetation of
Arizona (45).

Attempts at reisolating the virus from

saguaro following injection with a purified virus prepara
tion were successful when a 5-year-old saguaro was tested
395 days after inoculation (44).

No recovery was made from

15-month-old seedlings tested up to 180 days after
3
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inoculation by injection (44).

Inoculations of various

plants with SV showed only four susceptible plants of 15
tested (44).

Chenopodium capitatum (L.) Asch. became

systemically infected; C. amaranticolor Coste & Reyn. and
C. quinoa L. developed lesions; Gomphrena globosa L.
developed local lesions and became systemically infected.
Plants which did not develop symptoms and from which no
virus could be recovered 30 days after inoculation were
Carthamus tinctorius L., Datura metel L., Nicotiana
glutinosa L., N. rustica L., N. sylvestris Speg & Comes,
N. tabacum L. ('Havana,1 'Burley,' 'Hicks,1 'Samsun,' and
'Xanthi'), and Vigna sinensis (Torner) Savi ('Blackeye').
The susceptible hosts are in the Chenopodiaceae and the
Amaranthaceae of the order Caryophyllales.

The Caryo-

phyllales, under the classification of plants by Takhtajan
(51), also includes the Cactaceae.

Holmes (26), in his

study of the host range of tobacco mosaic virus (TMV), sug
gested that plants susceptible to TMV were for the most part
in closely related families.

Bald (1) and Bald and Tinsley

(2), in pursuing Holmes' idea found through statistical
analysis and the use of Hutchinson's system of classifying
plants that susceptible hosts of some viruses fell into
closely related families.
The search for viruses which may be closely related
to SV has not been successful.

Comparison of the physical

characteristics of SV with other viruses according to the
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classification by Harrison et al. (19) places the virus in
group 11, the Tombusvirus group, which includes tomato bushy
stunt, artichoke mottle crinkle, carnation Italian ringspot,
pelargonium leaf curl, and petunia asteroid mosaic viruses.
This group of viruses is characterized by containing about
17% single stranded RNA with a molecular weight about 1.5 x
10^, having isometric particles about 30 nm in diameter and
no accessory particles, and by being mechanically trans
mitted but not having any known vector.
group are serologically related (19).

Members of the
Serological tests

comparing SV and tomato bushy stunt virus were negative (46).
Additional serological tests were run using the following
viruses and/or their antisera and all were negative:

cherry

necrotic ringspot, apple mosaic, rose mosaic, plum line
pattern, tobacco ringspot, cucumber mosaic, squash mosaic,
(44), sowbane mosaic, southern bean mosaic, tobacco necrosis,
carnation mottle, turnip crinkle, cucumber necrosis, and
carnation ringspot viruses (46).

Nelson and Tremaine (46)

compared the physiochemical properties of ten viruses
characterized by single stranded RNA with a molecular weight
of about 1.4 x 10^, no accessory particles, and a sedimenta
tion coefficient within 15% of that of SV.

The only

similarity found was for compositon of the coat protein
among SV, tomato bushy stunt (TBSV), and turnip crinkle
(TCV) viruses.

However, SV sediments 10% slower than either

of the other two viruses.

6

Carnation mottle virus (CaMV), one of the ten
viruses studied by Nelson and Tremaine (46), was found in
carnations propagated and sold by nurseries.

The virus has

physical properties similar to that of SV, is easily trans
mitted mechanically, has no known vector, and is not sero
logically related to any known virus (24, 52, 57).

However,

the coat protein of CaMV has just one component while SV has
three (46).

The natural host range of CaMV is restricted to

species of the Caryophyllaceae, but the virus can infect
over 30 species in 15 dicotyledonous families when trans
mitted mechanically.

Some Caryophyllales tested, aside from

Dianthus species, included:

Beta vulgaris L., Chenopodium

amaranticolor, Gomphrena globosa, and Spinacia oleracea L.
which developed local lesions; Atriplex hortensis L.,
Celosia argentea L., and Chenopodium quinoa developed local
lessons followed by systemic infection; Amaranthus caudatus
L. developed a symptomless infection (21, 22, 24, 35, 36,
49).
The stability of virus particles with regard to
thexr physical and biological integrity under the effects
of pH, chemicals, and enzymes was one of the properties used
for purposes of characterization and classification.
Dominant stabilizing interactions, protein-protein or
protein-RNA, were recently found useful in classifying and
identifying simple isometric viruses (33).

Under this

system, isometric viruses were arranged according to

7

reactions of the nucleoprotein particles to various physical
and chemical conditions.

Cucumber mosaic virus (CMV), the

type virus for stabilization of nucleoprotein particles by
protein-RNA interactions, had multicomponent RNA, did not
have capsids iri vivo, was dissociated in low concentrations
of sodium dodecyl sulfate (SDS) and in high concentrations
of salt, and was sensitive to ribonuclease activity (33, 34).
The dissociation of viruses in low concentrations of
SDS was suggested as being the most distinguishing and
easily used reaction for the determination of protein-RNA
interactions in a viral particle (9, 33).

Although SV

contained only a single component RNA, dissociation into
protein subunits and RNA was found to occur in solution with
concentrations of SDS comparable to those in which CMV was
dissociated (46).

SV was therefore assumed to be stabilized

mainly by protein-RNA interactions at pH 7 and by i

r

additional stabilizing factors at pH 5 where a slightly
higher concentration of SDS was required for degradation to
occur (46).

Viruses placed by Kaper (33) in the CMV group

because of their dissociation in low concentrations of SDS
and their multiple component RNA included broad bean mottle
(BBMV), brome mosaic (BMV), cowpea chlorotic mottle (CCMV),
and alfalfa mosaic (AMV) viruses.

BMV, BBMV, and CCMV,

very similar viruses which are stable below pH 6.5 but
"swell" near neutrality (7, 30), are more readily degraded
in SDS while in the "swollen" state at pH 7 than at pH 6

where protein-protein interactions also stabilize the viral
particles (9).

Boatman and Kaper (9) also determined that

CaMV required a much higher concentration of SDS for degra
dation than CMV, 2% versus 0.012%.

However, this was much

less than the 20% required for degradation of turnip yellow
mosaic virus (TYMV), the type virus for protein-protein
interactions.

TBSV and TCV, viruses having protein compo

nents similar to SV (46), were placed in an intermediate
position as they contained only one RNA component, were not
sensitive to ribonucleases, and TBSV was stable in low con
centrations of SDS, while TCV was dissociated in high concen
trations of salt (33).
The ranges of pH in which viruses are stable differ
from virus to virus depending on the nature of the protein
coat and its interaction with the RNA, and on ionic condi
tions or the presence of other substances.

In general,

viruses are degraded at the extremes of pH (42).

The in-

fectivity of CMV was retained in a range of pH 4.0-8.5 (34)
while no change in infectivity was noticed for CCMV at pH
3.0-6.0 (6), and for CaMV at pH 4.5-9.5 (57).

No changes

in the sedimentation coefficients were observed below pH
6.3 (31) and between pH 3.0-6.0 for CCMV (6).

However,

above pH 6.5, CCMV, BMV, and BBMV became "swollen," re
sulting in a physical increase in the diameter of the virus
particle and a decrease in the sedimentation coefficient.
These changes allowed for degradation of the virus particle
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by high concentrations of salt and by ribonucleases (7, 30).
AMV was found to show a reduction in its sedimentation co
efficient- and an increase in sensitivity to ribonucleases
above pH 7.5 (55).

Unlike CCMV, however, this conforma

tional change was not attributed to a "swelling" of the
particle but to an "unfolding" of the particle structure due
to changes in the protein-RNA or RNA-RNA interactions (55).
The degradation of viruses in high concentrations of
salt, ionic strength of 0.5 or above, indicated that such
viruses contained protein-RNA interactions (5, 7, 8, 10, 27,
28, 33, 34, 37, 47, 54).

CMV was completely dissociated by

1.5 M LiCl over a pH range of 5.0-9.0 (34) and also by 1 M
CaC^ and 1.5 M KC1 (32, 54).

AMV was degraded by 1.5 M

LiCl, KC1, NaCl, and 3 M CsCl at pH 7 (27) and in 1 M NaCl
and 0.5 M MgCl^ at pH 7 (11), but was only partially de
graded, yielding slower sedimenting components, by 1.5 M
CsCl at pH 7, 1.5 M NaCl, KC1, and LiCl at pH 5 (27) and
0.5-1.0 M NaCl between pH 6-8 (28).

Although AMV is de

graded by MgCl2 at 0.5 M, 4 mM MgCl2 tends to stabilize the
viral particle; divalent cations may influence the stability
of AMV particles (55).

CCMV, BMV, and BBMV are totally

dissociated in 1 M NaCl at pH 7 or 1 M CaCl2 at pH 6.5 where
the virus particles are "swollen" (6, 7, 20, 58), but BMV
remains completely intact in 2.5 M NaCl at pH 4.2, while
also producing a slower sedimenting component in 1.5 M NaCl
at pH 5.75 (47).

The slower sedimenting component of BMV
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was found to be similar to an RNA-free pseudo-top component
and was formed at lower pH values in high ionic strength
solutions.

These conditions caused the release of RNA from

the viral particle and rearrangement of the protein shell
to form a stable artificial top component (47).

Degradation

of TBSV and TCV occurred more easily the higher the ionic
strength and pH of the buffer; these could be completely
degraded in high ionic strength buffers above pH 8 (37, 38,
59).

Slower sedimenting components of TCV, devoid of RNA,

were also produced in solutions of high pH but lower ionic
strength, pH 10.5 with 0.2 M NaCl (38).
Degradation of CMV by ribonucleases, another
characteristic of the dominant protein-RNA interaction,
occurred equally over a pH range of 4.0-7.2 (15, 34).

AMV,

CCMV, BBMV, and BMV were also sensitive to the activity of
ribonucleases except that CCMV, BBMV, and BMV were sensitive
only above pH 6.5 where "swollen" particles were produced
(7, 12, 30).
SV, which had three protein subunits, also had three ,
electrophoretic components when electrophoresed at pH values
between pH 4.0-7.0 in a density gradient (46).

CMV, AMV,

CCMV, BMV, CaMV, TBSV, and TCV had just one electrophoretic
component although TBSV and TCV had three protein subunits
in the protein coat as did SV (3, 4, 13, 17, 18, 24, 25,
41, 46).

MATERIALS AND METHODS
Assay Procedures
Materials tested for the presence of the saguaro
virus (SV) and the carnation mottle virus (CaMV) were ground
in 0.1 M pH 5 acetate buffer and 0.1 M pH 7 phosphate
buffer, respectively, with mortars and pestles.

The

macerates, to which celite or carborundum was added, were
rubbed onto leaves of Chenopodium amaranticolor with
plumbers' acid brushes.

Presence of the viruses were indi

cated by the production of chlorotic to necrotic local
lesions one to two weeks after inoculation.

Purified SV

preparations from in vitro tests were assayed on C.
amaranticolor in a similar manner.

Lesion counts were re

corded two weeks after inoculation and an average calculated
from two to six leaves for each treatment.
Purification Procedures
Tissue of Chenopodium capitatum, a systemic host of
SV, was harvested two to three weeks after mechanical in
oculation and frozen.

The frozen tissue was ground with a

blender in 0.2 M pH 5 acetate buffer (w/v = 1/2) and the
macerate strained through cheesecloth.
sion was refrigerated overnight at 5 C.

The strained suspen
After clarification

by low speed centrifugation (10,000 g for 15 minutes), PEG
11
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(polyethylene glycol, MW 6000) was added to the supernatant
to make an 8% solution (w/v) and mixed for 30 minutes.

The

suspension was then centrifuged for 30 minutes at 10,000 g,
the supernatant discarded, and the pellet resuspended in
0.1 M pli 5 acetate buffer to one fourth the original volume.
After clarification, the suspension was subjected to 8% PEG
and 4% NaCl for 30 minutes.

The virus was then pelleted by

centrifugation at 10,000 g for 30 minutes and resuspended
in 0.1 M pH 5 acetate buffer and used in inoculation tests.
Further purification was accomplished by sucrose density
gradient centrifugation.

Sucrose gradients were prepared

by layering 9 mi each of 100, 200, 300, and 400 g of sucrose
per liter of 0.1 M. pli 5 acetate buffer in centrifuge tubes
and allowed- to equilibrate overnight before centrifugation.
One to 2 ml of virus suspension were then layered on top of
each gradient just prior to centrifugation for 90 minutes in
an SW 27 rotor.

The virus band was extracted with a syringe

and dialyzed against 0.1 M. pH 5 acetate buffer.

After 2

days of dialysis, the suspension was concentrated by
centrifugation at 140,000 g for 60 minutes.

The above pro

cedure was sometimes modified by the replacement of the
second PEG treatment with centrifugation at 100,000 g for
90 minutes followed by clarification of the resuspended
pellet at 10,000 g for 15 minutes.
CaMV was obtained from systemically infected C.
capitatum by a modified method for purification of carnation
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ringspot virus by Hollings and Stone (23).

Tissue was

macerated in 0.1 M pH 7 phosphate buffer (w/v = 1/1.5),
squeezed through cheesecloth, and the suspension treated
for 1 hour with n-butanol to 8.5% of the final volume.

The

preparation was then clarified (10,000 g for 15 minutes)
and concentrated by two cycles of differential centrifugation, 100,000 g for 90 minutes followed by clarification
of the pellet resuspended in 0.1 M pH 7 phosphate buffer.
Surveys of Saguaro Populations
A population of saguaro in the Rincon division of
the Saguaro National Monument was surveyed for the presence
of SV by assaying the reproductive tissues, buds, flowers,
or fruits, produced during the spring through summer months.
Forty saguaros, which were staked and surveyed in 1970 by
R. E. Wheeler and M. R. Nelson, were again surveyed during
the spring through summer months of 1973 and 1974.

Surveys

of 20 additional saguaros adjacent to those previously
staked were conducted in 1973 and continued in 1974.

During

the survey in the spring of 1974, 40 other saguaros, 20
selected randomly in each of two areas in different parts
of the park, were also surveyed.
Host Range Studies
The following plants in the Caryophyllales, orna
mentals purchased from a nursery in Tucson or grown from
seed and weeds transplanted from the desert, were tested:
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Aizocaceae—Mesembryanthemum sp., Trianthema portulacastrum
L.; Amarathaceae—Alternanthera pungens H.B.K. (A. repens
[L.] Ktze.), Amaranthus palmeri Wats. , Celosia argentea L.
var. cristata Kuntze, Gomphrena globosa L., Tidestromia
lanuginosa (Nutt.) Standi.; Caryophyllaceae—Dianthus
caryophyllus L.; Chenopodiaceae--Atriplex elegans (Moq.) D.
Dietr., Beta vulgaris L. , B. v. var. cicla (L.) Moq.,
Chenopodium album L. , C. murale L. , Kochia scoparia (L.)
Schrad. 'Cultra', Salsola kali L. var. tenuifolia Tausch.,
Spinacia oleracea L.; Nyctaginaceae--Boerhaavia coulteri
(Hook, f.) Wats., Bougainvillea spectabilis Willd. 'Temple
Fire', Mirabilis jalapa L.; Portulacaceae—Portulaca grandiflora Hook, P. oleracea L.

Plants collected from the desert

were fumigated to eliminate any insects prior to inoculation.
Tissue from each plant was assayed on Chenopodium amanticolor prior to inoculation to test for presence of con
taminating viruses capable of producing local lesions on the
assay host.

The plants showing negative results were then

inoculated with a suspension of SV, observed for 30 days,
and then assayed as previously described.

For comparison

with SV, Atriplex elegans, Chenopodium capitatum, C. murale,
and Portulaca oleracea were inoculated with a suspension of
CaMV, observed for 30 days, and then assayed.
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Inoculation of Saguaro Seedlings
Saguaro seeds from a 1972 harvest were obtained
from Dr. Stanley M. Alcorn, Department of Plant Pathology,
The University of Arizona.

Seeds were washed with sterile

distilled water and placed on moist filter paper in a
covered, sterile glass petri dish and kept under constant
fluorescent light at 25-30 C.

After 7 days, the cotyledons

were inoculated by applying a virus suspension of SV or
CaMV containing celite with a plumbers' acid brush.

Fifty

seedlings were counted as one treatment with each treatment
replicated three times.
10

Treatments consisted of 1 x 10 — 2 ,

and 10 ^ mg/ml of SV and the undiluted, 10"^ and 10^

dilutions of carnation macerate containing CaMV.

The

inoculated seedlings were placed back under constant light
at 25-30 C for 24 hours, then left on a lab bench at room
temperature in petri dishes.

Sterile distilled water was

added as needed to maintain moist conditions.

Thirty days

after inoculation, seedlings were washed in running water
for 30 minutes to eliminate surface contamination, and
12
3
4
assayed at 10 , 10 , 10 , and 10 dilutions. Groups of 25
seedlings were also assayed for SV 5 and 10 days after
inoculation.
Effects of pH
Suspensions of SV were dialyzed overnight at 5 C
against buffers in a pH range of 2.0-9.0, with molarities of
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0.01, 0.05, 0.10, and 0.25 for each buffer.

The buffers

used were sodium acetate-HCl at pH 2 and 3 (56); sodium
acetate-acetic acid at pH 4 and 5; KH^PO^-Na-pHPO^ at 6, 7,
and 8; and sodium borate-boric acid at pH 9 (14).

The

suspensions were analyzed on the Beckman Model E
analytical ultracentrifuge with the use of the Schlieren
optical system and the AnD rotor.

All samples were centri-

fuged at 30,000 rpm and photographs were taken at four
minute intervals after reaching speed.

Sedimentation

coefficients were calculated by the graphical method and
corrected to standard conditions (40, 50).

The suspensions

were then back dialyzed to 0.1 M pH 5 acetate buffer and
assayed for infectivity.
Effects of Salt
Suspensions of SV in 0.1 M pH 5 acetate buffer were
dialyzed overnight at 5 C against 1 M NaCl in buffers of
0.01 M at pH 2, 5, 7, and 9 and analyzed on the analytical
ultracentrifuge.

SV was also dialyzed against 0.5 M NaCl,

MgCl^/ and CaCl^; 1 M CaC^ and KC1; 2 M; and 3 M NaCl
solutions at p.H 5.

Electron micrographs, taken with an

Hitachi HS-7S electron microscope, were made of prepara
tions of SV in and after dialysis away from 1 M NaCl in
0.01 M pH 5 acetate buffer and compared with SV in 0.01 M
pH 5 acetate buffer.

Preparations were negatively stained

with 1% uranyl acetate, pH 4.0.

Some samples of SV in 1 M

NaCl pH 5 were passed through sucrose gradients- containing
1 M NaCl and the bands collected separately with syringes.
A 0.25 ml aliquot of SV in 1 M NaCl was layered onto pre
formed 5 ml gradients (100-400 g sucrose per liter) and
centrifuged in an SW 50 rotor at 250,000 g for 75 minutes.
Bands were also collected from CsCl gradients where SV was
mixed with 2.25 g CsCl to a volume of 5 ml and centrifuged
in an SW 50 rotor at 250,000 g for 48 hours.

Collected

components were dialyzed for 48 hours to remove the salts,
analyzed on the analytical ultracentrifuge, and assayed for
their infectivity.

SV was also fixed by dialysis against

8% formaldehyde (16, 29, 39, 48) and subjected to treatment
in 1 M NaCl and in a CsCl gradient.
Effects of Ribonuclease
Ribonuclease (CalBiochem bovine pancreatic ribo
nuclease, five times crystallized, salt free, A grade) was
prepared by mixing 1 mg in 1 ml of distilled water.

A 0.1

ml aliquot of the ribonuclease preparation was added to 0.9
ml of SV, at about 0.05 mg/ml, in a cuvette placed in a
Beckman DB-G spectrophotometer.

Absorbance at 320 nm was

recorded every 15 minutes for the first hour and then again
after 24 hours.

The virus was tested in 0.01 M pH 5 acetate

and 0.01 M pH 7 phosphate buffers.

Bentonite (50 mg) was

added to the mixture 24 hours after the introduction of the
ribonuclease to stop enzyme activity and the samples assayed
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for infectivity.

Controls were SV in the buffers at pH 5

and 7 without ribonuclease.
Electrophoresis
SV in 0.03 I (ionic strength) pH 6 phosphate buffer,
was electrophoresed in an apparatus (Figure 1) described by
van Regenmortel (53).
cylinder was 19 mm.

The inside diameter of the center
Virus sample in 27.5% sucrose was

layered midway down the center cylinder on top of a 30%
sucrose support solution which also filled the entire right
side and right well.

A 5-25% sucrose gradient (20 ml) was

layered on top of the virus layer using an Isco Model 570
gradient former.

A top solution of 2.5% sucrose was layered

on the gradient and filled the left well.

The anode was

placed in the left well and the cathode in the right well.
A current of 4 ma (milliamperes) was maintained for 4 to 8
hours.

Electrophoretic bands were extracted with a syringe

and dialyzed against 0.1 M pH 5 acetate buffer.

The com

ponents were tested for infectivity and sedimentation before
and during treatment with 1 M NaCl in 0.01 M pH 5 acetate
buffer.

Figure 1.

Photograph of the apparatus used for density
gradient electrophoresis — 1/7 x actual size.

RESULTS
Surveys of Saguaro Populations
Surveys in 1973 and 1974 showed 7 dead saguaros of
the 40 originally staked in 1970.

Of the 33 remaining

plants, 10 were infected with SV in 1970 (30%), 12 (36%) in
1973, and 13 (39%) in 1974, an increase of 2-3% per year.
One plant of the additional 20 saguaros surveyed in 1973
was found to contain SV and no additional plants in this
group were infected in 1974.

The random sampling in two

other areas of the park showed incidence of .infection of 15
of 20 or 75% and 6 of 20 Or 30%.
Host Range Studies
Results of inoculation tests of species in the
CaryophyHales are shown in Table 1.

SV produced chlorotic

local lesions on inoculated and uninoculated leaves of
Gomphrena globosa.

No symptoms were observed on Trianthema

portulacastrum, Amaranthus palmeri, Celosia argentea,
Atriplex elegans, Chenopodium murale, Boerhaavia coulteri,
Portulaca grandiflora, and IP. oleracea.

However, the virus

was reisolated from all of the above species 30 days after
inoculation.

SV also produced local lesions on Beta

vulgaris and Spinacia oleracea, but could not be reisolated.
20
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Table 1.

Results of inoculation tests with plants in the
Caryophyllales — Plants were inoculated
mechanically with purified preparations of
saguaro virus or carnation mottle virus.
Symptom development was observed and reisolation
of the viruses attempted by assay on Chenopodium
amaranticolor 30 days after inoculation.

Species
Aizocaceae
Mesembryanthemum sp,
Trianthema portulacastrum

Type of
Plant

o,a
o,a
w,a

Caryophyllaeeae
Dianthus caryophyllus

o,p

Nyctaginaceae
Boerhaavia coulteri
Bougainvillea spectabilis
Mirabilis jalapa

Reisola
tion

SV

SV

CaMV

.
o,pc
w,a

Amaranthaceae
Alternanthera pungens
Amaranthus palmeri
Celosia argentea var.
cristata
Gomphrena globosa
Tidestromia lanuginosa

Chenopodiaceae
Atriplex elegans
Beta vulgaris
B. v. var. cicla
Chenopodium album
C. capitaturn
C. murale
Kochia scoparia
Salsola kali var.
tenuifolia
Spinacia oleracea

Symptoms

CaMV

+

w,p
w,a

w,a
o,a
o,a
w,a
w,a
w,a
o,a
w,a
o,a
w,a
o ,p
o,a

11

s11

+

+

+

11

vc,mcl

11

vc,m

+d

+
+
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Table 1.--Continued

Species
Portulacaceae
Portulaca grandiflora
P. oleracea
o

Type of
Plant

Symptoms

Reisolation

SV

SV

CaMV

o,a
w,a

+
+

CaMV

+

ornamental, w = weed, p = perennial, a = annual.

- = no symptoms; 11 = local lesions; sll = local
lesions also produced on uninoculated leaves; vc,m - vein
clearing and mottling.
Q

- = no reisolation, + = reisolation positive.

d Results from Milbrath and Nelson (44).
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CaMV produced local lesions on Gomphrena globosa,
vein clearing and mottling on Chenopodium capitatum, and was
symptomless on Atriplex elegans, Chenopodium murale, and
Portulaca oleracea.

The virus was recovered from all the

above species.
Inoculation of Saguaro Seedlings
SV was recovered by assay from all groups of
inoculated seedlings 30 days after inoculation (Table 2).
Recovery was also made from seedlings 5 and 10 days after
inoculation.

Acetate buffer, 0.1 M pH 5, was found to be

phytotoxic and cause chlorosis and death of seedlings while
0.1 M pH 7 phosphate buffer did not.

SV was therefore

dialyzed into 0.1 M pH 7 phosphate buffer just before
seedling inoculation.

CaMV was recovered in 4 of 9 groups

of seedlings, one group which was inoculated with the un
diluted macerate, 2 groups with the 10"*" dilution, and one
with the 10 2 dilution of the macerate (Table 3) ,
Effects of pH
The sedimentation rate of SV was not altered at the
molarities of buffers tested between pH 3 and 7, except in
0.25 M pH 3 buffer where sedimentation rate was reduced
(Table 4).

Calculated sedimentation coefficients within

approximately 10% of 118 S were considered as normal for
SV,

Sedimentations rate was also reduced at pH 2, 8 and 9,

except at 0.25 M pH 8 and 9 where the virus was totally
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Table 2.

Average numbers of local lesions per leaf of
Chenopodium amaranticolor inoculated with dilu
tions of macerated saguaro seedlings 30 days after
inoculation with saguaro virus.

Local Lesions
Replication
Concentration of SV
in inoculum (mg/ml)

0

io*" 4

io" 3

io" 2

a Averages

Concentration of
seedling macerate (w/v)

1

2

3

io" 1

0

0

0

10 -2

0

0

0

io -3

0

0

0

io -4

0

0

0

io -1

82

19

68

io -2

26

9

13

io -3

2

0

1

io -4

1

0

0

io -1

106

102

38

io -2

45

25

15

io- 3

2

1

3

io -4

1

0

0

io -1

31

45

118

10~ 2

6

9

24

io -3

6

0

2

io -4

2

1

1

based on two leaves.
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Table 3.

Average numbers of local lesions per leaf of
Chenopodium amaranticolor inoculated with dilu
tions of macerated saguaro seedlings 30 days after
inoculation with carnation macerate containing
carnation mottle virus.
Local Lesions
Replication

0

0

i<r2

0

0

0

lo-3

0

0

0

0

0

0

0

0

89

io-2

0

0

24

0

0

5

io"4

0

0

0

io-1

18

27

0

io-2

10

50

0

io~3

2

22

0

io~4

1

0

0

O o
1
i
fo i—1

0

0

14

0

0

6

io-3

0

0

3

O
1

O
1
10

2

a Averages

3

0

0

0

1

1—1
o'
I—1

1

2

or
1
o
1—1

0

1

I
o
1—1

Concentration of
seedling macerate (w/v)
1—1
I
O
1—i

Concentration of
carnation macerate
(w/v)

based on two leaves.
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Table 4.

Sedimentation coefficients of saguaro virus after
overnight dialysis against buffers of varying
values of pH and molarity -- Figures are sedi
mentation coefficients adjusted to standard
conditions. Any S value between 105 and 120 was
considered in the normal range.

ilarity -

2b

3b

4°

5C

6d

7d

0.25

83

81

105

119

113

112

-

-

0.10

71

116

109

116

120

117

105

100

0.05

68

115

108

112

118

115

83

80

o
o
h->

Sedimentation Coefficients (s„„ )a
o
20,w

81

115

114

116

116

116

101

75

aFigures

8d

are averages from two or three tests.
No sedimenting component found.
Sodium acetate-HCl buffer.
0Sodium acetate-acetic acid buffer,
dKH2P0^-Na IIP0
2
4

buffer.

Sodium borate-boric acid buffer,

96

- =
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degraded.

The sedimentation rates at 0,1 M pH 8 and 9 and

at 0.01 M pH 8 were similar to that at pH 4, but the
components were not homogeneous at the higher values of pH.
Infectivity was retained between pH 3 and 7 and was
lost at pH 2, 8, and 9 (Table 5).
Effects of Salt
When SV was subjected to 1 M NaCl, no sedimenting
components were found at pH 2 and 9, but two sedimenting
components, one near 118 S and the other near 80 S, were
found at pH 5 and 7 (Table 6).

Both components were also

found in 2 M NaCl at pH 5 and 3 M NaCl at pH 7.

However,

only the slower sedimenting component was found in 2 M
NaCl at pH 7, while only the normal sedimenting component
was found in 3 M NaCl at pH 5.

Both sedimenting components

were also found in 0,5 M CaCl2, 1 M CaCl2 and KC1, and in
CsCl gradients at pH 5.
MgCl2 at pH 5.

The virus was degraded in 0.5 M

The production of the second component was

not found at 0.5 M NaCl or when SV was treated with 8%
formaldehyde prior to treatment in 1 M NaCl or in CsCl
gradients at pH 5.
Electron micrographs of SV in 0.01 M pH 5 acetate
buffer before and after treatment in 1 M NaCl showed one
particle 32 nm in diameter (Figure 2a, c; 3a, c), but two
particles, one 32 nm and the other 37 nm in diameter while
in 1 M NaCl (Figure 2b, 3b).

The larger particle appeared
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Table 5, ..Average numbers of local lesions per leaf of
Chenopodium amaranticolor inoculated with saguaro
virus after dialysis to 0,1 M pH 5 from various
values of pH and molarity.
Local Lesions3
PH

o
t—1
o

0. 25

I-1

o
o

0.05

Concentration
of SV (mg/ml)

2b

3b

4C

10_1

-

38

97

10"2

0

2

io -3

0

10-4

5C

3TOC

Molarity

6d

7d

60

121

79

-

-

15

10

10

14

0

0

1

7

4

6

2

0

0

0

0

2

1

1

1

0

0

io" 1

_

96

69

110

97

62

_

—

io~ 2

0

11

10

58

40

11

0

0

io" 3

0

8

5

7

6

3

0

0

io -4

0

2

1

2

2

1

0

0

io" 1

—

72 124

96

108

37

—

—

io -2

0

13

21

13

22

10

0

0

10~3

0

4

10

4

10

1

0

0

io" 4

0

1

1

1

2

2

0

0

io -1

—

90

49

165

125

62

—

—

io -2

0

27

28

33

13

13

0

0

io" 3

0

8

3

8

7

3

0

0

io" 4

0

1

0

1

1

0

0

0

aAverages

based on two leaves.

^Sodium acetate-HCl buffer.

- = no test.

9e
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Table 5.—Continued

Q

Sodium acetate-acetic acid buffer.

^KH2P04-Na2HP04 buffer.
0

Sodium borate-boric acid buffer.
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Table 6.

Sedimentation coefficients of saguaro virus in
NaCl — Saguaro virus dialyzed overnight against
various concentrations of NaCl in 0.01 M buffers.
Figures are corrected to standard conditions.
£

Sedimentation Coefficients (S2Q w)
Concentration of NaCl (M) '
pH

0.5

1

2

3

113

119, 79

113, 83

112, 78

82

2

5
7

109
103, 79

9
aValues

are averages of two tests. - = no sedimenting component observed. Blank = no test.

Figure 2.

Bar graph of the particle distribution of saguaro
virus before, during, and after treatment with
1 M NaCl.

a = Saguaro virus in 0.01 M pH 5 acetate buffer.
b = Saguaro virus after overnight dialysis against
1 M NaCl in 0.01 M pH 5 acetate buffer.
c = Saguaro virus after overnight dialysis against
0.01 M pH 5 acetate buffer from 1 M NaCl in
0.01 M pH 5 acetate buffer.

31

200

100

200
_J
O
^
or 100
<
CL
U_

o
or
UJ
CD

g 200

100

26 28 30 32 34 36 38 40 42 44 46 48
PARTICLE DIAMETER (nm)
Figure 2,

Bar graph of the particle distribution of saguaro
virus before, during, and after treatment with
1 M NaCl.

Figure 3.

Electron micrographs of saguaro virus before,
during, and after treatment with 1 M NaCl
(171,000 X).

a = Saguaro virus in 0.01 M pH 5 acetate buffer.
b = Saguaro virus after overnight dialysis against
1 M NaCl in 0.01 M pH 5 acetate buffer (N =
normal, S = swollen).
c = Saguaro virus after overnight dialysis against
0.01 M pH 5 acetate buffer from 1 M NaCl in
0.01 M pH 5 acetate buffer.

Njyt

Figure 3.

Electron micrographs of saguaro virus before
during, and after treatment with 1 M NaCl
(171,000 X).
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not to lack RNA (Figure 3b), though it had little
infectivi ty,
Infectivity tests using the components from CsCl
gradients (Figure 4a) showed little or no infectivity
associated with the larger, slower top component and reduced
infectivity with the bottom, faster- component (Table 7).
The infectivity of components from 1 M NaCl (Figure 4b, c)
was similar to that of the components from CsCl gradients.
In both cases, the top components had very little
infectivity while the bottom components had more infectivity
(.Table 7).

Infectivity of whole SV appeared not to be

affected by treatment in 1 M NaCl (Table 8).
Effects of Ribonuclease
SV was degraded by pancreatic ribonuclease at pH 7
to a greater degree than at pH 5 according to spectrophoto
metry readings at 320 nm (Figure 5).
increase in absorbance after 24 hours,

Controls showed no
Infectivity was

retained at a reduced level as compared with the controls
at pH 5 and 7 after 24 hours of treatment at room tempera
ture in one test (Table 9).

In a second test, slight

infectivity was retained at pH 5, but was completely lost
at pH 7 (Table 9).
Electrophoresis
Three electrophoretic components were found after
electrophoresis for 4-6 hours at a constant current of 4 ma

Figure 4.

Photographs of saguaro virus during treatment
with salt.

a = Saguaro virus after centrifugation for 48 hours
in a CsCl gradient.
b = Saguaro virus in a sucrose gradient with 1 M
NaCl after overnight dialysis against 1 M
CaCl in 0.01 M pH 5 acetate buffer.
c = Schlieren patterns in an analytical ultracentrifuge of saguaro virus in 1 M NaCl in
0.01 M pH 5 acetate buffer taken 8 minutes
after reaching 30,000 rpm. Sedimentation was
from left to right.
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Figure 4.

Photographs of saguaro virus during treatment
with salt.
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Table 7.

Average numbers of local lesions per leaf of
Chenopodium amaranticolor inoculated with whole
saguaro virus and components produced in CsCl
gradients and in 1 M NaCl -- Components were
dialyzed out of the salts and into 0.1 M pH 5
acetate buffer before inoculation.

Local Lesions
CsCl
NaCl
Concentration of
inoculum (mg/ml)

Whole SV

Bottom

Top

Bottom

Top

10-2
10-3

41

11

2

74

1

31

4

1

6

0

10-4

3

0

0

2

0

Averages based on two leaves,

Average numbers of local lesions per leaf of
Chenopodium amaranticolor inoculated with saguaro
virus in 0.1 M pH 5 acetate buffer, saguaro virus
in 1 M NaCl in 0.01 M pH 5 acetate, and saguaro
virus after dialysis away from 1 M NaCl into
0.1 M pH 5 acetate buffer.

Table 8.

Concentration of
inoculum (mg/ml)

SV

1 M NaCl

SV after dialysis

10"2

36

44

43

10~3

18

13

10

H
O
1
4^

Local Lesions3
SV in

4

4

2

Averages based on six leaves.

36

0.7
= pH 5 + ribonuclease
+ ribonuclease
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h<
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O
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<

0.3

DD
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O
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CD
<

0.0

30

45

60

24 hrs.

TIME (minutes
Figure 5.' Absorbance at 320 nm of saguaro virus in 0,01 M
pH 5 acetate and 0.01 M pH 7 phosphate buffers
after the addition of 0.1 mg of pancreatic
ribonuclease.
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Table 9.

Average numbers of local lesions per leaf of
Chenopodium amaranticolor inoculated with saguaro
virus after 24 hours of treatment with ribonuclease
in 0.01 M pH 5 acetate and 0.01 M pH 7 phosphate
buffers -- Bentonite (50 mg) was added after 24
hours to stop enzyme activity.

Treatment
PH 5

Local Lesionsa
Test 1
Test 2
69

-

3

2

PH 7

60

-

pH 7 + ribonuclease

29

0

pH 5 + ribonuclease

Averages based on four leaves.
- = no test.
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with SV in a 0.03 I pH 6 phosphate buffer system (Figure
6a).

The major component appeared to be the least mobile,

bottom band with two minor bands of greater mobilities.
Three components were also found after electrophoresis of
a second isolate of SV except that the major band appeared
to be the second most mobile, middle component (Figure 6b).
The sedimentation coefficient of all three compo
nents, tested separately, was 113 S.

All three components

also were found to be infectious (Table 10).

When the

electrophoretic components of SV were subjected to treatment
in 1 M NaCl and analyzed on the analytical ultracentrifuge,
the most mobile, top component produced an 85 S particle,
the second most mobile, middle component a 108 S particle,
and the least mobile, bottom component two particles, one at
114 S and the other at 81 S.
The two sedimenting components obtained from 1 M NaCl
sucrose gradients each produced three electrophoretic
components after dialysis away from the salt.

The 80 S

component produced a major second most mobile, middle
electrophoretic component with very slight most mobile, top
and least mobile bottom components (Figure 6c),

The 118 S

component produced a major least mobile, bottom electro
phoretic component and two minor components of greater
mobilities (Figure 6d).

Figure 6.

Photographs of saguaro virus after electro
phoresis in a constant current of 4 ma in
sucrose gradients of 0.03 I pH 6 phosphate
buffer — Migration was toward the anode.

a = Main isolate after 4 hours.
b = Second isolate after 6 hours,
c = Top component from 1 M NaCl sucrose gradients,
dialyzed into 0.03 I pH 6 phosphate buffer,
after 4 hours.
d = Bottom component from 1 M NaCl sucrose
gradients, dialyzed into 0.03 I pH 6 phosphate
buffer, after 6 hours.
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Figure 6.

Photographs of saguaro virus after electro
phoresis in a constant current of 4 ma in
sucrose gradients of 0.03 I pH 6 phosphate
buffer — Migration was toward the anode.
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Table 10.

Average numbers of local lesions per leaf of
Chenopodium amaranticolor inoculated with the
electrophoretic components of the saguaro virus
-- Components dialyzed against 0.1 M pH 5
acetate buffer prior to inoculation.

Local Lesions
Electrophoretic Components
Concentration of
inoculum (mg/ml)

Whole SV

Bottom

Middle

Top

10~2

51

46

93

130

10~3

35

71

17

42

10~4

7

1

3

9

aAverages

based on two leaves

DISCUSSION
Surveys show that the saguaro virus is spreading
through the population of giant saguaro and may be more
widespread than previously believed.

Previous surveys (45)

have shown infection as high as 45% while present surveys
have recorded a 75% infection in one isolated area.

The

slow rate of spread of the virus, a 2-3% per year increase
in infection, is probably due to the inefficiency of the yet
unknown vector or vectors (45).

However, should the virus

prove to be detrimental to the saguaro, the presence of an
established, spreading pathogen would be a grave danger to
the perpetuation of the plant.
Previous surveys showed SV to be located only in
areas contiguous with urban and agricultural regions (45),
Therefore, the assumption can be made that SV is not native
and was introduced into the desert biome.

Results of host

range studies with plants in the Caryophyllales, which are
common to the Tucson area, indicate that tested repre
sentatives except those in the Caryophyllaceae can be
hosts of the virus.

Although most of the plants tested

were annuals, the fact that SV is capable of infecting the
representative species indicates that the virus has a
relatively large host range,

SV may therefore have the

ability of infecting and existing in perennial species not
41
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tested in this study.

The virus is also easily transmitted

mechanically to and recovered from saguaro seedlings.
The discovery of the carnation mottle virus in
nursery grown carnations further supports the possibility
of a virus being introduced into the desert biome.

CaMV

infects carnations almost symptomlessly and can be easily
spread over a wide geographical area by vegetative propaga
tion of infected plants (22, 24, 57).

Waterworth and

Kaper (57) placed CaMV in group 10, the Bromovirus group
under the classification of plant viruses by Harrison et al.
(19), apparently because of lack of serological relation
ship among the members in the group.

Brome mosaic virus,

the type virus for group 10, has multicomponent RNA and may
have a nematode vector (3, 19, 33).

In contrast, tomato

bushy stunt virus, the type virus for group 11, the
Tombusvirus group, has a single component RNA and no known
vector (19, 33, 41).

CaMV has a single component RNA and

no known vector (24, 52, 57) and should therefore be placed
in group 11, or in a group with physical properties similar
to group 11 but having no serological relationship among its
members.
SV and CaMV have very similar characteristics and
should be placed in the same group.

The host ranges of both

viruses are also overlapping, with that of SV being more
restricted,

Although SV does not infect carnations, CaMV is

capable of infecting saguaro seedlings,

Despite the
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similarities, the differences between the viruses, the three
protein subunits and three electrophoretic components for
SV and only one of each for CaMV (24, 46), indicate that the
viruses are distinct viruses and are not strains of one
another.

However, since CaMV is in the Tucson area and its

ability to infect: saguaro has been proven, CaMV could become
established in the saguaro populations.

In fact, since the

survey procedures used in the past would not differentiate
between these viruses, it is possible that CaMV has been
isolated from saguaro but remained unidentified,
SV was stable in buffers of low molarity between
pH 3 and 7 where the virus retained its infectivity and
little difference in its sedimentation rate was observed.
Sedimentation rates of treated SV preparations between
10 5 S and 120 S, approximately within 10% of 118 S, a range
assumed for experimental error, were considered as normal
for the virus.

Slight degradation was found to occur at

pH 7 (46) and at 0,25 M pH 3, and thus the use of 0,1 M pH 5
acetate buffer seems to be best for the stability of SV.
The complete degradation of the viral particle was
accomplished in buffers of higher molarities and higher
values of pH, a reaction similar to that found with TBSV and
TCV (37, 38, 59).

No sedimenting particle was found at

pH 8 and 9 in buffers of 0.25 M while slower sedimenting
components were found with lower molarities (Table 4).
These slower sedimenting components may be similar to the

"swollen" particles of CCMV, BBMV, and BMV produced above
pH 6.5 (7, 30), and to the 80 S component of SV found in
1 M NaCl at pH 5 and 7.

This possibility was not investi

gated.
Degradation of SV has been shown to occur in low
concentrations of SDS (46) and also in the presence of
ribonuclease.

Ribonuclease activity, as observed by the

increase in absorbance of SV samples at 320 nm, showed
that a greater degree of degradation occurred at pH 7 than
at pH 5.

Infectivity tests did not substantiate these

results.

However, tests using SDS also showed a greater

stability of SV at pH 5 than at pH 7 (46).

In solutions of

high concentrations of salt, conditions which degrade
viruses with dominant protein-RNA interactions (33), SV
was not degraded.

An accessory particle sedimenting

slower than the normal particle was produced by SV in 1 M
NaCl solutions at pH 5 and 7.

This 80 S, slower component

was a "swollen" particle 5 nm larger in diameter than the
normal 32 nm particle.
associated with it.

Little or no infectivity was

A similar "swollen" particle occurred

with CCMV, BBMV, and BMV but the swelling was related to a
pH mediated elimination of the protein-protein interactions
above pH 6.5 (7, 30).

A salt mediated degradation was

associated with the elimination
(10, 28, 33, 34, 37, 47, 55),

of protein-RNA interactions

BMV, a virus with dominant

protein-RNA interactions and secondary protein-protein
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interactions below pH 6.5 (31, 33, 47), was found to produce
a slow sedimenting component in 1.5 M NaCl at pH 5.75, but
this particle was devoid of RNA (47).

Electron micrographs

of the "swollen" SV particle showed no evidence of empty
particles devoid of RNA (Figure 3).
Since SV contains three protein subunits which may
be related to the presence of three electrophoretic compo
nents in the whole virus (46), attempts were made to
correlate the two components produced in 1 M NaCl at pH 5
with the electrophoretic components.

No definite correla

tion could be made as the results of subjecting the electro
phoretic components to 1 M NaCl pH 5 did not correspond with
the electrophoresis of the components produced in salt.
Although the sensitivity of the equipment and methods used
may have been partly responsible, the lack of correlation
indicated that possible differences in coat proteins among
electrophoretic components were not responsible for the
"swelling" of only part of the salt treated virus popula
tion.

Also, no differences were observed among the three

components in their sedimentation rate or their infectivity.
However, electrophoresis did show that strains with differ
ent proportions of the electrophoretic components may
exist.

The isolate used in this study appeared to have the

least mobile component as the most abundant while another
isolate appeared to have the component with intermediate
mobility as the most abundant (Figure 6a, b).
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The results of the physiochemical tests place SV
in an intermediate position between the protein-protein and
the protein-RNA stabilized viruses (Table 11).

SV is

sensitive to ribonuclease activity, has no capsids in vivo
(44), is dissociated in solutions of high salt concentra
tions at high values of pl-l, and is dissociated in low
concentrations of SDS (46).

All of these properties are

similar to those of CMV, the type virus for dominant
protein-RNA stabilizing interactions.

SV, however, has only

a single component RNA (43, 46), and is not dissociated in
solutions of high salt concentrations.

These characteris

tics are similar to those of TYMV, the type virus for
dominant protein-protein stabilizing interactions.

SV,

therefore, is stabilized by both protein-RNA and proteinprotein interactions.
The differences in the stability of SV to degrada
tion in low concentrations of SDS between pH 5 and 7 (46)
indicate that the nucleoprotein particle may contain
protein-protein interactions similar to those found in BMV.
A higher concentration of SDS is required for the degrada
tion of BMV at pH 5 than at pH 7 (9).

The difference

between BMV and SV may be that the protein-protein inter
actions in SV are slightly different than those in BMV and
do break down with an increase in pH but do so over a wider
range of pH values,

SV appears to be more stable at pH 5

and possibly begins to lose its protein-protein bonding
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Table 11.

Comparison of the physiochemical characteristics
of saguaro virus with those of turnip yellow
mosaic virus and cucumber mosaic virus, the type
viruses for the protein-protein and the proteinRNA stabilizing interactions, respectively —
Data for TYMV and CMV taken from Kaper C33).
Virus Profiles

Characteristic

SV

TYMV

CMV

Nature of RNA

Single
component

Single

Multicomponent

RNase sensi
tivity

Insensitive

Sensitive

Sensitive

Capsids in vivo

Abundant

None

None

Effect of high
salt

Stabilized

Accessory
particle
formed

Dissociates
to subunits &
RNA

Effects of high
pH in high salt

Dissociates
to capsids &
RNA

Dissociates
to subunits &
RNA

Dissociates
to subunits &
RNA

Effect of SDS
at low concen
trations

Negative

Dissociates
to subunits &
RNA

Dissociates
to subunits &
RNA
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as pH increases and bonding is totally lost above pH 8 or
9.

The gradual loss of bonding strength would explain the

decrease in stability to SDS at pH 7, the lack of a
noticeable increase in the diameter, and a resulting lack
of decrease in the sedimentation rate of the virus particle.
Variation in the strengths of the bonds in different
particles would result in the heterogeneous sedimenting
components at pf-I 8 and 9.

Particles having points with no

protein-protein interactions would allow for partial
degradation of the RNA and loss of protein-RNA bonding by
high concentrations of salt but still retain the integrity
of the particle in a "swollen" state because of areas in the
particle with the protein-protein interactions.

Upon

dialysis out of salt, the particle would regain its original
form, but infectivity would be lost, as is found with SV.
SV is therefore stabilized mainly by protein-RNA interac
tions but also appears to have secondary protein-protein
stabilizing interactions.
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