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INTRODUCTION

The purification of.vlruses from infected plants con-
cerns mainly the removel of the viruses from the components
of the host cell. To do this without destroying the virus
particle, it is often necessary to use a denaturing or ad-
sorbing agent that acts on the impurities but not on the
virus. It is usually impossible to purify plant viruses
simply by applicatlion of separation procedures such as cen-
trifugation and electrophoresis,

Denaturstion of plant components during purification
of stable plant viruses may be accomplished simply by carry-
ing out coentrifugation or other procedures at room temperature
for several deys. Selectlion of a dennturation procedure is
particularly important 1f the virus 1s relatively unstable,
i1f 1t 1s present in low concentrations in the plant, or if
the work is desiagned to study the initlal state of the virus
in the plsnt. Different viruses respond differently to thie
action of these agents. Cne virus may be successfully
purified from its host by a particuler treatment, but znother
virus in the same host may suffer a complete loss of infec-
tivity as a result of the seme treatment. The action of
these apgents upon the nost cell ccmponents may be more uniform
than 1t 1g upon viruses, since propertles of these components

should not differ too grectly smong plents that are commonly

uged as virus hosts.



OCne of the commonly used technlcues for separation of
compcenents in virus nurification 1ls density-gradient centri-
fugation, in which particles are centrifuged through a liquid
column which has a density gradient resulting from concentra-
tion gradients of two other cubstances of different densities.
If the particles are floated in e layer on top of the column,
they will sediment as & zone tarough the cclumn during centri-
fugation. The final posltion of the partiéles after centrifu-A
gation depends upon the time centrifuged and the material
from which the column 1s prepared. Separation in sucrose
density-grndient columns 1s usuelly dependent upon the size,
shepe, and density of tte partlicles. Separstion in columns
prepared from cesium chloride is based on the denasity of thae
'particles because centrifuzetlion 1s usually continued until
an equilibrium positlon has heen reached.

This study was undertaken po devise an easy, accurate
method to detect and sevarate varicus components in extracts
of hez2lthy bean, tocbazx70, and barley plents by using techniques
comwon to virus purification 2nd to determine the effect of
aome of the more common denaturing end sdscrbing agents on
these healthy plant comvonents, Conditlons for density-gradient
centrifugation were seclected to give the best severztion of
normel components, and these conditlons were then uszed ag the

besls of en analyticnl method to evalunte tie densturation

procedures,



LITERATURE REVIEW

Methods used for the clarificetion of virus-contelining
plant extracts have been summarized by Steere (1959) and by
Markhem (1959). Some of these will be described here briefly.
These methods are generally followed by additionsl purifica-
tion procedures, such as dlfferentizl centrifugetion, density-
gradient centrifugstlion, electrophoresis, or precipitation
of the virus with acild cr selt., The selection of the method
usually devends upon t: e purpoce for wnicn the virus 1is
being purified.

Freezing infected tlssues before grinding hss long
been edvocated to improve the eecse of grinding snd to facili-
tate the relecse of virus from tie host tissues. Tokahashi
(1951) reported zetting more then twice the yleld of tobeceo
mosaic virus (TMV) froz frozen tissues than from unfrozen
coersely macerated tissue. Stanley (1940) purified tomato
busihiy-stunt virus by first freezing tne »lsnts tc dencture
and rernder inscluble t:ze normal proteilns of high molecular
weight that contaminate viruses purified by differential
centrifugation. Freezlng tlssues 1s highly reccmaended un-
less 1t cnuges loss in virus activity.

Heating tae infected sa2p 1s one of the two methods
recommended by Merkham (1939) and 1s probably one of the most
widely used methods. The procedure ususlly consists of heat-

ing the eep to o temperature between 40° and 60° C and holding



it there for a few seconds to ten minutes or longer. The
coagulum of denatured protoplasmic proteins and chloroplasts
is then removed by low speed centrifugetion. Steere and
Williems (1948) and Steere (1952) used short periods at 55° ¢
to purify tqmato bughy-stunt virus snd TMV, respectively, for
electron microscore observations. Schlegel and Rawlins (1953)
purified TV for spectrophotometrlic assay by neating it for
15 minutes at 60° C, and obtalned good repfoducibility with
iittle loas in virus activity. Brekke purified wheat streak
mosale virus (195€) and barley stripe mosaic virus (1959) by
heating infected sap at 40° ¢ for one hour.

Precipitetion of normal components by ethanol 1is the
other method recommended by Merkham (1959). The strained
sap 1s stirred vigorously whlle 300 ml of 90% ethanol are
added to each liter of sap. The coagulum formed can be cen-
trifuged off, lesving a slightly cloudy fluld containing the
However, some viruses may not tolerate this level of

virus.
ethanol, end others may be preclpltated by dilute ethanol at

the pi of the sap.
Acidificetion of the crude sap to denature proteins
was used by Commoner et al. (1950) in the study of TMV
saynthesis. Rice et al. (1355) purified squasi mosaic virus
by acidificetion to pH 5.0 and differentlsl centrifugation,
Lindberg et al. (1956) used acid trestment in the purifica-

tion of e group of squash masalc viruses, but this was not

guccessful for a similar group of melon mosalc viruses,



Schneider (1953) used chloroform-water emulsions to
denature noninfectious material in tobacco se2n infected with
TMV. The virus remained digpersed in the aqueous phase and
remained infectious, while there was & relatively large
accumuletion of plant constituents at the interface between
the chlorcform and water. Chloro»hyll and certain other
constituente digsolved in the excess chlorcform.

Tomlinson, Shepherd, and Walker.(195§) mirified cucum-
ber mos2ic virus successfully from cucumber corollas and from
infected tobacco leaves with the ald of n-butanol. Heavy
precipitates formed w.en the crude sap wse mixed with 8 to 97
n-butznol snd stirred for 30 minutes., T.e butsanol seenmed to
keep the virus in soluticn, as well es to precipitate meny
of the normnl components.

Steere (1956) combined these two procedures snd used e
mixture of equal parts of n-butenol and chloroform fcr the
purific~tion of tobacco ringsvot virus, An emulsion was
formed by slowly adding two volumes of thls mixture to one
volume of infected seb with rapld stirring. After the emulsion
was broken by centrifugation, the bottom leyer wns a mixture
of chloroform snd butanol snd contalned g1l the chlorophyll,
Above this was a solid layer of denatured protein and cellular
debris. The ton layer wes an aqueous phase saturated with
chloroform and butancl end conteined nesrly all of the virus

and some of the noninfectlicus plent protein. Wnen this leyer



was allowed to stand overnight at 22° C most of the nonvirus
protein was denatured and could be removed by centrifugation,
The residu=al sclvents ceemed to stabilize the virus. This
procedure nes olsc been used in the purification of tomsto
bushy-stunt, southern bean moselc, turnip yellcws, alfalfa
mosaic, and tobac2o mosalc viruses,

Ether ias cnother orgznic solvent wiilch has been used
in plent virus purification. Bagnell, Wetﬁer, end Larson
(1959) used ether for potato virus M, potato virus 8, and
carnation lntent virus. Wetter (1960) used it with seven
additional rod-shaped viruses. lle shook crude sap with an
equal volume of cooled ether for 5-15 minutes, and separated
the emulsion by low speed centrifugaticn., The lower aqueous
'layer wes taen shaken with an equal volume of corbon tetre-
chloride to remove the dissolved ether.

Fulton (1957, 1959) removed much of the extraneous
metter from freshly ground infected leaves by adsorption
onto hydrated\calcium phospiiate, which had been freshly
precipiteted frcm e mixture of Nes,hEPOy end CaClp. The ionie
strength of the buffer wes a critlcel fector in the ~dsorption
of virus =nd green host meteriel., Thie procedure ing been
used succeszfully for seversl prunus viruses, rose moselc
viras, end spvle mcsslc viris, but resulted in loss of in-
fectivity with tcbac-o ringspct, cucumber mesaic, tometo

srotted wilt, and peaca yellow bud mcsale viruses,



Brakke (1959) used 2 detergent to disverse barley
strive moseic virus in density-grodient columng after hest-
ing had czused 1ts eggregrntion. The detergent was also
quite effective in dispersing normal hcet components. These
ccmponents reacied o flnal depth after only a2 shcrt period of
centrifugation 1n density-gradient cclumns, suggesting tict
they were ccmparatively large particles of low density, and
were colloidal in noture rether than belng true molecules.

As with other treatments, this did not succeed for some
viruses.

In most of these reports, mention hns been made of
treatments applied to healthy plant extracts, usuolly stating
that the materilel recovered 1s far smaller tron that obteined
from infected plents, or thot it is present in insignificent
smounts. The criteria of purity of virus preparations has
often been the colorless aprearance of the final product.
When this hag been achieved the virus has been classified :
as pure,

Pirie (1950) directed attention toward naterial that
cculd be corried through purification procedures into a virus
preparsticn made by ultracentrifugation of tobac2c leaf ex-
tracts., He was able to 1solate a nucleoproteln that had some
similerity to plant viruses from s> of young uninfected to-
becco leaves. This inucmogeneous materiel was characterized
in electron microscope obsgerveticns meinly 28 snheres 20-30 mn



in dicmeter, with much amorphous m~terial also present. The
methcds generslly used for clarifying the sap of virus-infected
plants ss e preliminary to serological or chemlcel study of
tze virus usurlly cozguleted tlie nucleoprotein to a verying
extent, g2s well 2s removing ciloroplasts and chloroplesst frag-
ments., The chromonroteins usually wvere aggregrnted by centri-
fugation, lesving a colorless or pale-green opalescent
solution. Enzymes esseoclated with tue nucieoprotein mnade 1t
quite unsteble in sap when flrst lsclated, which explains

some chrnges in virus oreprrrtions during isolation. e
pointed out thert there were structures in tie lesf extracts
with many pointgc of resemblance to the micrcsomes that coald
be separ~ted by similar methods frcm ernimel tlasues. Later,
‘Hclden end pirié (1955) cobserved that tie prozerties of this
nuclecnrctein were not constant in different n»reparoticns,

and susgested this could be connected witli the phyzioclogiesl
state of the original tobacco plant frem which the 1solations
vere made,

Pirie (1956) studied components of TMV preparations
made in different ways. When qulick and gentle metacds were
used, t..e end vroduct contnined materlal that was not vresent
in orepecrations mode by methcds tlst were rougher 2nd mere
dilatory. This material wss mostly normal leaf nucleopro-
tein, which could be removed by purification steps that mey

alter scme properties of the virus. It was nct determinead



definitely if this nucleoprotein material was combined with
the virus or merely mixed with 1t., The suggestion was made
that the conteminants tended to concentrate at the ends

of the virus rods preventing end-to-end aggregation, since
treatments which removed the nucleoprotein contaminants usu-
ally resulted in increased ageregation.

More recently, microsomal nucleovrotein particles have
been isolated and charascterized from pea séedlings by Thso,
Bonner, 2nd Vinograd (1958). Sedimentation in the analytical
ultrecentrifuge detected four specles of particles with sedi-
mentstion constants of 8Cs, 60s, 40s, and 26s at infinite
d4lution. VWhen a certain amount of magnesium wasg removed
from the system, the 80s particle digsocisted into 2 40s unit
.and o 60s unit. When more magneslum was removed, tie 60s
unit dissoclated to a 40s unit and two 26s units, or to two
40s units, one of which dissociated to two 26s units. The
perticles contained 35-407 ribonucleic acld by welight, and

appeared as spheres in the electron microscove.

Ribonucleoprotein particles from Egcherichia coll have
also been isolsted and characterlzed by Tissleres et al,
(1959) . Magnesium stabilized the particles, end, on varying
its concentration, four kinds of components were observed with
gedimentation constants of 30s, 50s, 70s, end 100s. The T0s
particles were formed from one 308 and one 508; the 100s

particles were formed from two 70s particles. Each type of
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particle was isolated and found to contain 63% ribonuclele
acld, and all had the seme density. Electron microscope
studies with shadow cast specimens (Hall end Sleyter, 1959)
and with negatively and positively stained specimens (Huxley,
1960) revealed small, roughly spherical particles. The 70s
particles contained two subunits of unequel size which re-
sembled the 50s and 30s particles, and in the 100s particles,

the smaller subunits of the 70s particles were paired.



MATERIALS AND METHCDS

Source meterinl

Bean (Phaseolis vulgaris L. 'Grest Northern UI 59'),

tobecco (Nicotisn~ tobecum L, 'Havena 38'), and barley

(Hordeum vulgsre L., 'Moore ') plants were grown in four ineh

pots in the greenhouse. Fully exnanded first trifolizte
leaves were harvested 18-20 days after planiing, usuzlly et
a stage when the gsecond trifolirtes were jJjuet beginning to

expand. Tobecco lesves vere harvested when the plants were
in the 5.7 lesf stage, sbout four weeks after transplanting.
Borley lecoves were harvested from plants in the 4-5 leaf
stage, 16-18 days safter planting. The leaves wvere wrepped in

damp paper toweling and waxed paper and refrigerated until

use,

Preveration of extracts

Leaves were weighed and ground finely in a mortar ana

pestle with 1 ml of 0.01 M neutral phosphate buffer per gram

of leaves, The large center midrib of tobacco was removeqd

before grinding. The buffer had 0.005 M K, HPO, and 0.005 M
EH,POs in d1stilled water to give a pH value of 7,0. The
extroct was squeezed through a double thickness of cheege-
cloth and centrifuged for 15 minutes 2t 10,000 rpm in the

8S-34 rotor of the Servall Type RC-2 refrigerated centrifuge.
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This supernatant fluid, the crude extract, was used for
enzlysis or for further treztment.

High speed centrifugation was done in the No. 40 rotor
of the Spinco Model L preparatory ultracentrifuge, elther for
100 to 120 min ot 38,000 rpm in 5{8 by 2% inch tubes or for
60 min at 36,000 rpm in % by 1% inch tubes. Pellets were
resuspended in 1 ml of 0,01 M neutral phosphate buffer per
gram of leaves., Thls was designated as 2 1:1 dilution of

the extract. All econcentrations reported as dilutions were

calculated by dividing the volume of the semple in ml by the
welght in gm of the tissue from which the sample was derivead.

Treatments

The effect of several different denaturing or adsorbing

agents on either the crude extract or the resuspended high

speed pellet was studied. The treatments were applied in the

following manners.

Heat. About 5 ml of the extract”in a plastic or glass

tube was placed in a large berker of water at 55 * 1° ¢ for
10 min, or in a constant temperature water bath at 40 % 0.5° ¢

for one hour. Samples were cooled by holding the tube in

running tap water and then centrifuged for 10 min at 10,000

rpm,
Organic solvents. Several different solvents and meth-

ods of trentment were applied, elways in the cold at 40 c.
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a) Ether. The sample was mixed with an equal volume
of dlethyl ether (Wetter, 1960), and shaken vigorously by
hand for 3 min or gently by rotation on a dlalysis Qheel for
1l hr. The emulsion was broken by centrifugation for 10 min
at 3000 rpm. The lower aqueous phese was removed into a
syringe through a long needle end placed in an open petri
dish in front of a fan in the co0ld for 30 min to evaporate
-the dissolved ether.

b) n-Butenol. According to the methods of Tomlinson
et al., (1959), the sample was mixed with 107 by volume of
n-butanol and shaken gently by rotstion on a dialysis wheel
for 1 hr. After centrifugation for 10 min at 10,000 rvm, the
supernatant fluid was allowed to evaporate for 30 min to re-
'move the dissolved n-butanol in the same manner as in the

ether treatment.
¢) Chloroform-butanol. The sample was first shaken

vigorously for 3 min with an equal volume of chlorcform and

centrifuged 10 min at 3000 rpm. The upper aqueous phase was

removed with a syringe and shaken for 3 min with an equal

volume of n-butanol. After centrifugation for 10 min at

3000 ropm, the uvper aqueous phese wes placed in an open petri

disgh for 30 min in the cold to evaporate a portion of the

digsolved sclvents.
d) Ether-butanol, The sample was first shaken vigor-

ously for 3 min with en equal volume of diethyl ether and
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centrifuged for 10 min at 3000 rpm. The lower aqueous phase
was removed and shaxen for 3 min with an equal volume of
n-butanol. After centrifugation for 10 min at 3000 rpm, the
lower squeous phase was allowed to evaporate in the same
menner 28 in the other treatments.

e) Ethanol. Following the method described by Markham
(1959), the extract wes placed in a small beaker and-stirred
magnetically while 307 by volume of 90% ethanol wss added
dropwise from a pipette. After an additional stirrinz of 10
min, the mixture was centrifuged for 10 min et 10,000 rpm.

Calcium phosphate. The extract wes placed in 2 small

bealker and stirred magnetically while 1/4 volume of 0.2 M
NaQHP04 and 1/20 volume of 1.0 M CaCl, were added simultaneous-

ly from pipettes by drops. After stirring for an additional

20 min, the sample was centrifuged for 10 min at 10,000 ropm.
Acidification. The pH of the extract to be treated

was determined. Sufficient 1.0 N HCl was added to lower the

PH value gbout one unit. Either before or after centrifugation

for 10 min at 10,000 rpm, sufficient 1.0 N N20H was added to

return the pH value to near neutrallity.

Freezing. Freshly harvested leaves, crude extracts,

and resuspended high speed pellets were frozen for various

periods of time. Frozen leaves were thawed and extracts were

prepared as usuel. Frozen llquid extracts were thawed ang

centrifuged for 10 min et 10,000 rpm,
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Izepon T-73. To test the effect of the detergent

Igepon T-73 (sodium N-methyl N-oleoyl taurate), 0.17 was

mixed in the 0.01 M neutrzl phosphate buffer used to prepare
' the density-gradient columns (Brakke, 1959). Extracts were
layered on these columns and effects occurred during centri-

fugation.
Magnesium and EDTA, The effect of sgseveral different

levels of magnesium unon the components of the resuspended
high speed pellet was tested by using gradlent columns with
various concentrations of MgCl, in 0.005 M tris buffer (tris-
(hydroxymethyl) amino methane) adjusted to pH 7.4 with HC1.
The effect of removal of magnesium was tested by using gra-
dient columns with 0.005 M EDTA (sodium ethylenediaminetetra-
acetate) adjusted to pH 7.0 with tris. As with Igepon,

effects occurred during centrifugation.

Analysis of the extracts

Densgity-gradient centrifugation. Denslty-gradient

centrifugation was used as an anelytical method to assess

the velue of various denaturation procedures used for puri-

ficotion of plant viruses, Columns for rate zonal centrifu-

gation (Brakke, 1960) were prepared by layering 4, 7, 7, and
7 ml of elther 100, 200, 300, and 400 mg sucrose per ml or SO,
100, 150, and 200 mg sucrose per ml, resvectively, in 1 by 3

inch tudbes. The layered solutions were allowed to diffuse
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overnight or longer 1n the ccld., These were termed 10-40 or
5-20 rate columns. Unless stated otherwise, 0.01 M neutral
phosphate buffer wes used to dissolve the sucrose. Two-milli-
liter samples were layered carefully on the tops of the gra-
dient columns immediately before centrifuging at 23,000 rpm
in the SW 25.1 rotor of the Spinco Model L preparatory ultrea-
centrifuce, usuelly for 4 hr at 4° ¢. Several veriations of
sucrose gradient columns were used and will be mentioned in
the appropriate sections of the results.

Equilibrium zonal centrifugetion (Brakke, 1960) in
.cesium chloride gradient columne (Meselson et al., 1957)
was used to analyze the extracts. Columns were prepared by
layering 1.3 ml of each solution of 0.01 M neutral phosphate
‘buffer containing 1.0 M, 2.0 M, and 3.0 M CsCl,respectively,
in 1/2 by 2 inch tubes. Eight-tenths-milliliter samples were
layered on each tube before centrifuging at 30,000 rpm in the
SW-39 rotor of the Spinco Model L ultracentrifuge,.

Loeding of the rotors and removai of the tubes aftepr
centrifugation was usually done at room temperature, but the

centrifuge was refrigerated, and the temperature of the tube

contents was 5-10° ¢ after centrifugation.

Analysis of centrifuged gradlent columns. Light-

scattering materisls in the centrifuged tubes were detected
in a darkened room by directing a narrow beam of light down

through the tube. The depth and description of the visible

zones was recorded,
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Ultraviolet absorpticn at 254 mp was recorded automati-
cally throughout the columns with the Instrumentation Special-
tles Company (ISCO) Yodel D Density Gradient Fractionator
and Model U U, V. Flov Densitometer as described by Brakke
(1962). For simplicity, this procedure will be called "scan-
ning". Samples of the zones were collected manually es they

came ﬁhrough the fractionator, and were used for further

analysis.
Components in the plant extracts that had been separa-

ted during centrifugation epnezred as distinct visible zones
in the tubes, and as peaks corresponding to the ultraviolet:
absorption on the scanning pzttern recorded by the densitom-
eter. The ares under the penks corresponded to the concentra-
tion of the components in the tuve, end the depth of the

absorption peaks could be correlated with the denth of the

viglble zones.
Meagurement of effectiveness of treatments. Effective-

ness of the denaturing trestments was evalusted by scanning
the tubes in which the treated extracts hed been centrifuged,

and measuring the crea under the indlvidual peaks or under the

scanning pattern of the entire tube. The base line was deter-

mined by scanning en identical centrifuced gradient column
which had been layered with 2 ml of buffer or dlstilled water.
This was necessary beceuse tne material used to prepare the

columna absorbed or scattered & small amount of 1light



18

depending upon its concentretion. Measurements of scanning
patterns of treated extracts were compared with those cof un-
treated resuspended high speed pellets to determine the rela-

tive amount of absorbing material thet each of the treatments

removed.,

Ares measurements were made with a cathetometer and

converted to ml x absorbance at 254 mp,

Characterization of individusl components

Ultraviolet absorntion. Samples of zones collected

froem density-gredient columns were analyzed spectrophotometri-
cally in a Beckmann Model DU spectrophotometer. Values of

optical density were measured for weve lengths between 230 mp

- end 300 mp, Distilled water was used 28 2 blank. Corrections

for veriation between quartz cells were made by determining
the opticrl density of distilled water 1n each cell at each

wave length used, and subtracting thie value from the reading

obtained for the semple.

Electron microscopy. Samples of zones collected from

density-gradient columns were dialyzed for tvwo days agninst
several chenges of distilled water, after which they were
mixed with 10% glycerine, 0.01 to 0.17 bovine serum albumin,
and 0,033% 264 mp polystyrene letex spheres. A low pressuré
Vapcnefrin atomizer was used to sprey the sanmples onto a

cerbon backed collodion film supvorted on a 20-mesh copper



19

wire grid. They were shadowed with tungsten oxide, viewed in

an RCA EYU-2 electron microscope, and photographed at a magni-

fication of 20,000.

Dry weight. The pellet from high speed centrifugation

of bean crude extract wos resusrended at s 10:1 concentreticn.
This was centrifuged for 1 hr on a 10-40 rate tube. A 10 ml
samnle from a depth of 2.5 to 4.5 cm was extracted into a
syringe through a needle with a bent tip, mixed with 2 ml of
distilled water, =nd flosted on an equilibrium zonal centri-
fugetion gradient column, prevared by layering 4 ml of each
golution of 0.01 M neutral phosphate buffer containing 300,
400, 500, end 600 mg sucrose per ml, respectively, in 1 by 3

inch tubes., After centrifugestion for 8 hours at 23,000 rpm,

‘deptha of the visible zones were recorded. One tube vas

scanned and samples of the zones were collected. From the

other two tubes, three samples were collected into & syringe

through a needle with e bent tip. Depths of the samples were

3.3 to 4.3 em, 4.4 to 4.7cm, and 4.8 to 5.0 cm, corresponding
to the zones., Ultraviolet absorption svectra of ten-fold
dilutions of the semples were recorded, and the remalnder of
the semples were dielyzed against distllled water for 2% days.
They were concentrated by centrifuging for 1 hr at 38,000 rpm
in the No. 40 rotor in 5/8 by 2} inch tubes. Pellets were
resuspended in 3 ml of distilled water, snd two i ml szmples

of each were placed in previously dried welghing bottles and
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dried a2t 105° C to a constant welght. Ultraviolet absorption
spectra were again recorded on dilutlions of the concentrated

semples,



EXPERIMENTAL RESULTS

Chezrecterization cf components in plant extracts

Density-gradient centrifugation provided a very useful
technique for the separation of cemponents present in extreacts
of leaves of healthy plants. By varying the concentrestion of
sucrose, the slope of the gradient, and the centrifugation
time, the degree of separrtion end the compbnents detected in
phogphate buffer could be varied considerably. Figure 1
shows scanning patterns of taree different typves of gradient
tubes each with a resuspended high sveed pellet of one of the
three plants used, and each after e dlfferent time of centrifu-
gation, Extracts of all three plants gave similar results
bn each of the different tvpes of gradlent columns, except
for slight Aifferences in the concentration of the individual
components,

Figure 1 A represents material derived from 1 gm of
bean leaves centrifuged for 2 hr on a 10-40 rate column. The
smaller components remained in the top 1.5 cm of the tube

and were not genmarsted sufficlently for the scanner to detect

the individual zones., A broad band of larger, more rapidly

sedimenting, low-absorbing material spreared between 2,5 and
3.5 em, A small green pellet was formed at the bottom of the
tube, Figure 1 B represents materlal frem 1 gm of tobageo

leaves centrifuged for 4 hr on a 5-20 rate colunn. The



22

smaller components sedimented as far as 2.5 c¢m ond three
definlte zones were detected by the scanner. The larger
material all sedimented to the pellet and almost no absorbing
material remained below 3.0 e¢m. Fig. 1 C represents material
from 1 gm of barley leaves centrifuged for 2 hr on 2 gradient
cclumn prepsred by layering 3, 5, 5, 5, 5, and 4 ml of 50, 100,
150, 200, 400, and 600 mg sucrose per ml, respectively, in

1 by 3 inch tubes., The smaller components sedimented as far
as 1.5 ecm, but individual ccmponents were not detected as in
the 5-20 rete tubes. The larger components were evenly dis-

tributed through the remzinder of the tube, with no definite

ebsorbance at a particular depth. Green materlal sedimented

to & depth of about 5 cm, and a small pellet was formed.
This end similar exveriments showed that density-gra-

dlent centrifugation cf ecrude extracts separated components

into three general clssses: non-sedimenting, highly-absorbing,

brown-colored, low molecular weight materlal; slcwly-sediment-
ing, highly-absorbing, cclorless material that seperated into
J-5 dlstinct components; and fesst-sedimenting, green-colored,
low-abscrbing, light scattering material.

The non-sedimenting meterial could be removed from
the extracts by high speed centrifugation, and was assumed
to consist of low molecular weight proteins and phenols,

The slowly-sedimenting materlial consisted of nucleo-

protein-containing perticles, presumebly ribosormes. The
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ribosomal components were small, dense, and poor light
scatterers., Concentrations that geve pronounced peaks in
UV scanning patterns were often not visible by scatterea
light.

The fast-sedimenting meterisl ccnslsted of green chloro-
pPlosts, or fragments thereof, and other comparatively large
particles conteining protein and probably carbohydrates and
11pids, but little or no nuclelc acid. These components, as
found from 2-5 cm depth in Fig. 1 A, scattered much 1light and
concentrations of these thet pgave zones resdlly detected by
11zht scattering often were not detected by UV scanning,

They vwere larger then the ribosomes and sedimented faster in
rate zonal centrifugztion, dut were not as dense and did not
sediment as far in equilibrium zonal centrifugetion in ceslum
chloride., This feost-sedimenting material could be separated

into three components by equilibrium zonsl centrifugaticn in

sucrose., The lightest snd heavliest of the three components

were white, but the intermediate one was green.
Since the presence of proteins and phenollic materials

in a greodient tube often obscured some of the ribcsomal compo-

nents in scanning patterns, they were usually removed by high

speed centrifugation before analysis of the samples on density-

gradient columns. Scanning patterns of tubes containing crude

extracts with no rreceding high speed centrifugaticn are ghown

in Fig. 9 D, E, and F.
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Figure 1. Scanning patterns of density-gradient columns
prepared with 0,01 M neutrsl phosphate buffer, contalning
resuspended high speed vellets from healthy plents, The
dotted 1ine represents the bage line, determined by scanning
en ldentic2l centrifused gradient colunn contalning water,
Differences in the helght of the base line after the bottom
Of the column hed passed through the absorption cell, at
4.5 em in A and about 5.3 cm in B and C, vere due to differ-
ences 1n abcorption of the dense sucrose used to flost the
tube contents through the cell.
A - Gradient colurn of 100-400 mg sucrose per ml, centrifuged
2 hr at 23,000 rpm, containing material derived from 1 gn:
of been leaves.
B - Gradient column of 50-200 mg sucrose per ml, centrifuged
4 hr at 23,000 rpm, containing material derived frem 1 gm

of tobacco leaves,
C - Gradient column of 3, 5, 5, 5, 5, and 4 ml of 20, 100,

1=0, 200, 400, ~nd 600 mg sucrose per ml, respectively,
containlng materiel derived from 1 gm of barley leaveg,
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Properties of components

Components of bean s2p were separated by density-gra-
dient centrifugation of the resuspended high epeed pellet on
5-20 rate columns., Ssmples of ezch component were collected
28 the tubes were scanned. Fig., 7 A shows a typlcal scanning
pattern of 2z gradient tube from which samples were collected
for studies of the properties. The four ssmples cheracterized
are represented by the four pesaks in the scanning pattern,

Ultraviolet absorntion. Ultraviolet absorption curves

of the four samples are shown in Fig. 2. The non-sedimenting

material at the top of the tube (e) had a very slight peak

at 260 mn, with 260/280 mp ratio of 1.2. Ribcsome samples

(b, ¢, d) all had a definite peak at 260 mp, with 260/280 mp
ratios of 1.5, 1.8, and 1.8, respectively, indicating a high
concentraticn of nucleic acid and some differences between tue
samples. Samples of ribosomes slways showed thls character-
istic spectrum, even after dislysis for two deys agelinst
distilled water, or treatment with organic solvents. Hovever,
the concentretion of these components as measured by the ab-

sorbance varied considerably among preparaticns of bean extracts.

Ribosomal preparations from tobascco had similar

absorption spectra.
Ultraviolet absorption of the three larger components

i1s shown in Figure 3. Absorption values 1n Fig. 3 A were
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Filgure 2, Ultraviolet absorption spectra of
separated ribosomal components after dialysis
versus water. Each sample represents material
derived from approximately 1.5 gm of bean leaves
in 5 ml of solution, Semples were teken from a
gradlent column similer to that in Fig. 7 A.
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measured on dilutions of samples from equlilibrium gradient
columns, Values for Fig. 3 B were measured on samples after
dlalysis against distilled water for 2% days and concentre-
tion by high speed centrifugation. These components showed
only a very 8light peak at 260 mp before dlelysis and none
afterwards, indicating a very low concentration of nuclele
acid. Most of the measured absorbsnce wes probably due to
scattered light, since these particles were.quite large com-
pared to the ribosomes.

Dry weicht. Yields of the three larger components

in order of increasing density were 3.5 mg, 6.3 mg, and 2.8
mg per 100 gm of leaf tissue, respectively. Absorbance at
260 mp for a 1 mg/ml concentrsotion and a 1 cm light path was
5.9, 5.8, end 4.8, respectively, for the same componénts.
These calculations were based on UV absorbance of the dla-
lyzed and concentrated samples.

Sedimentstion constsants, Approximate sedimentation

constants of the ribosomel components were determined by the
methods of Brakke (19589 . Density-gradient columns were pre-

pared from 3, 7, 7, 7, and 4 ml of O, 100, 200, 300, and 400

mg sucrose per ml, reaspectively. The gedimentation constent

is approximately equal to the ratio of the time required for
™V to sediment to a measured depth to the time required for
the various components to sediment to the same depth multi-

plied by 190s, the sedimentation constant of TMV,



29

Freshly prepared resugpended high speed pellets frcm
beens gave three visible ribosome zones in gradient columns
prepared with neutrzl phosplinte buffer. When materizsl de-
rived from 2 gm of leaves wrs used, perticles with sedimenta-
tlon retes of l4s, 28s, and 66 s were observed, with the major
component being 66s. The same preparstion et a 3-fold higher
concentration gave particles with 14s, 6¢s, ond 82s values,
The mejor component was the 82g one, and the.28s unlt was
not recognizeble as a visible zone. Day-old preparations
representing material derived from 2 gm of leaves on phosphate
buffer columns gave particles with sedimentetion rates of
1%s, 38s, and 5ls, but gave 1%s, 38s, 53s, and 76s values on
gradient columhs nrepared with 0.005 M tris-liCl buffer at
pH 7.4,

Electrcn microscooy. Plate 1 shows particles present

in samples taken from gradient columns such as that in Flg.

7 A. Particles from 2ll four depths appeared similar and

were characterized mainly by the presencé of meny slzes of
spheres. Samples of the non-sedimenting material (A) end of
the upper ribosome zone (B) also had many very small partlicles,
In the latter sample, particles appesred nearly amorphous and
flattened, and some wvere Joined together 1n shbrt chains,
Particles in the second ribosome sample (C) appeared more
rigid and uniform in size than did the vrevious samples,

Particles in the mcst rapldly sedimenting ribosome zone (D)
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appeared smaller and less rigid and a greater percentage of
the particles were aggregated into short rods.

Plate 2 A shows particles from the top centimeter of
a gradient tube made with 0,005 M EDTA buffered at pH 7.0
with tris (Fig. 7 C). The particles appeared spherical end
rether uniform, and not too much different from those ob-
gerved 1n Plate 1 A,

Plate 2 B shows particles from the major zone obtalned
at a 4 cm depth vhen 0,002 M MgCl, vas included in the gradient
column (Fig. 7 B). These vere quite similar to the ones ob-
served in the most rapidly sedimenting ribosome zone in
vhosphate buffer. However, an even greater percehtdge of the
particles were aggregated into short rods of various lengths.

Plate 3 éhows particles present in the three Isamples
of larger components. The upper white zone (A) appeared to
consist of severel sizes of spherical particles and a few
large flattened structures. The bright green zone (B) con-
sisted of large flattened bodies which were probably grena.

A few smaller particles were also present. The lower white

zone (C) hod a much lower concentration of partlcles, whlch
appeared to be primarily short rods or spheres aggregated to
form rods. 1In both the upper and lower samples, large
flattened structures vere observed in a low concentraticn,

These were probably due to contaminaticn in the sampling pro-

cedure.
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Plate 1. Electron micrographs of bean extract samples from
5-20 rate columns similar to thet in Fig. 7 A. Shadowed with
tunzsten oxide, Magnification is about X30,000. Latex
particles have a dlameter of 264 mp.
A - Non-sedimenting material from the upper 0.5 cm.
B - Upper zone of slowly-sedimenting ribosomesg, about 1.3 cm.
¢ - Middle zone of slowly-sedimenting ribosomes, about 1.9 em.
D - Lower zone of faster-sedimenting ribosomes, ebcut 2.4 com,



A

Plate 2. Electron.micrographs of bean extract samples from
5-20 rate columng shadowed with tungeten oxlde. Magniflca-
tézn 18 about X30,000, Latex particles have a diameter of
264 mp.
A - Particles from the top em of a cO
EDTA buffered 2t pH 7.0 with tris, similar to Fig. T Gs
B - Particles from the 4 cm zone in a column made with
0.002 M MgCl,, similar to Fig. 7 B.
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lumn made with 0.005 M




Plate 3. Electron micrographs of the larger components in

bean extracts, sevarated by equilibrium zonal centrifugation
dlayzed, concentrated, and shadowed with tungsten oxide. 3
Megnification is sbout X30,000. Latex particles have a dla-
meter of 264 mp.

A - Particles from the upper white 2zone.

B - Particles from the middle bright green zone.

¢ - Particles from the lower white 2zone.
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Dependence of ccncentrotion of components on the physio-

lopicel state of the plants

As a genersl rule, older leaves ylelded less material

than 414 younger leaves. Extracts from primary leaves of

beans had less green materisl than extracts from trifoliste

leaves, but ribosomal components were still observed. The

age of besn plants caused a varlation in detectable compo-
Trifoliate leaves harvested 15 deys

First tri-

nents shown in Fig. 4.
after planting (A) were not yet fully expanded.
foliate leaves were fully expanded and second trifolintes
were just beginning to expand 1€ days eafter planting (B).
Both first and second trifollate leaves were used when har-

vested 22 days after planting (C), when the plants were

beginning to vine. All three gradient columns contained

material derived from 0.67 gm of leaves., Totsl esbsorbance

decreased with increasing zge, but separation of the ribo-
somzl components was most complete with the intermediete
age of leaves.

Detectable components also varied with time of day of
hervest, end to avold this difference, most of the work was
done with leaves hrrvested just before noon. Very 1little

verieticn in extrects was observed betwveen plantsg srovn

during different seasons of the year,
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Figure 4, Scanning patterns of 50-200 mg sucrose per ml

phosphate buffer gredient cclumns centrifuged 4 hrg at
23,000 rpm. Each tube contained an equivalent of 0,67 gm
of bezn le-ves in the form of resuspended high speed
pellets. A, B, end C were narvested 15, 18, and 22 days,

respectively, after planting.
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Effects of conditions of density-gredient centrifugzation

The degree of separation snd the components detected
in extracts of healthy plants varlied considerably with the
materiels ugsed for preparation of the gradient columns,

Centrifuretion in Igepon T-73. Density-gradient

centrifugation of healthy plsnt extracts in columns contain-

ing phosphate buffer and 0.1% Igepon T-73 ceused a dispersion

of the components into many sharp zones of various colors --

shades of red, yellow, green, and brown -- in the top 2 cm of

the columns. As shown in Fig. 5 A, the scenner did not de-

tect these zones by UV absorption, even at concentrations ag

low ag 0.2 gm leaves per tube. As observed by Brakke (1959),

these components reached a final depth after only a ghort
period of centrifugation, and sedimented no further in 5.20
rate columns than in 10-40 rate columns. Longer periods of
centrifugation did not ceuse further sedimentetiorn., This
sugzested that the colored particles hed a low density equzl
to thet of the sucrose solution at O to 2 em. However, when
extracts vere dissolved in 150 mg sucrose per ml, layered
within the gradient column et 3.0 em, and centrifuged, the
particles responsible for the colored zones sedimented further
down into the tube, as did the UV abscrbing particles (Fig.
Only e very small amount of materisl floeted toward

5 B).
the top of the tube durinz centrifugntion, as should have
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Figure 5. Scanning patterns of gradient columns
of 50-200 mg sucrose per ml of phosphate buffer
and 0,17 Igeson T-73, containing material derived
from 1 gm of bean leaves, in the form of the re-
suspended high speed pellet.

A - Sample layered on top of the tube,

B - Sample dissolved in 150 mg sucrose per nl,

end layered within the gradient column at 3 cm.
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Ooccurred if the particles were less dense than the sucrose

in which they were layered. This suggests that the high

concentration of sucrose had some effect on the particles.

Centrifusation in cesium chloride. Cesium chloride

gradient columnes hed 2 range of density from 1.12 to 1.37.
Vhen an extract equivalent to 0.4 gm of bean leaves was
layered on columns which were centrifuged 5 hr at 30,000 rom,
visible zones occurred only 2t 1.0 em and at 2.0 cm. The
latter zone was a thin leyer of green material apvarently
precipitated ot tune high salt concentration., Scanning pat-
terns revealed zones of highly ebsorbing material ot about
2.0 em and at the bottom of the tube, about 3.8 cm.

A similar effect occurred with tobacco extracts.
Zones were vigible at 1.0 cm, and 1.5 to 2.0 em. The latter
Scenning patterns revealed low

bend was slightly green.
absorbance around 2.0 cm, but very high sbsorbance around

3.0 em and at the bottom of the tube,

The riboscmal varticles that sedimented to these
lower depths were evidently too small to be visible by scat-
tered 1light, but were easily detected by scanning. The
dengity of the CsCl in this region of the tube wes 1.3 to
1.4, which would indicate thot the ribosomes had a high den-

sity, and were more dense than the green material that

sedimented rapidly in sucrose grrdient columns,
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Recycling of ribosomal components. Recycling the

ribogomal ccmponents by collecting samples from gradlent

coclumns during scenning =nd layering them on more gradient

columns was largely unsuccessful. Samples were either diluted

or dlalyzed to reduce the sucrose concentraiion te glve a
density less than that of the top of the gradient column.
Samples collected from phosphate buffer tubes and layered on
Igepon tubes or on phosphate buffer tubes, or from Igepon
tubes and layered on phosphate buffer tubes d1d not sediment
to the depth to which they sedimented during the original
centrifugation. If four ribosomal samples were collected

end recombined to layer on enother gradient column, centri-
fueation did not cause sedimentation to the original depths.
fhis effect may indicate that the particles were unsﬁable
wvhen geparated and did nct retain their sedimentatioh proper-
ties, even though they retained other properties such as
ultraviolet sbsorption.

Recycling from sucrose columns to CsCl columns and
separating on the bagls of denslty was attempted with tobecco
extracts. The scenning pattern for the equivalent of 1 gm
of tobacco centrifuged 5 hr on 5-20 rate columns is shown in
Fig., 6 A. Partlcularly good separation ﬁas obtained with
this preparatlion, and five samples were collected at DPOsi-

tions indicated on the scanning pattern. These samples were

layered on CeCl gradient eclumns and centrifuzed 5 hrs,
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Seanning patterns of gradient columns con-
nhe resuspended hipgh speed rellet derived from

obacco leaves.
ent column of 50-200 mg sucrose per ml of
te buffer, centrifuged 5 hr at 23,000 rpm,

Gredient columns of 1.0 M, 2,0 M, snd 3.0 M
csCl in phosphnte buffer, centrifuged 5 hr at
30,000 roym, and conteining, respectlively, the 5
samples from the sucrose column in A,
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Scenning patterns of these tubes are shown in Figure 6,
Semple 1 (B) sedimented to abcut 1.5 em. Samples 2 (C) end
3 (D) had no particuler zone of sbsorbance, and did not seem

to sediment much. Samples 4 (E) and 5 (F) sedimented nearly

to the bottom of the tube, with sample 5 showing some absor-

bance between 2.0 end 3.0 cm. Avnparently the ribosomal

comnponents are of different densities z2nd these densities do
not correspond directly to their sedimentation rate in su-

crose denslty-gradient columna.
Centrifugation 1n yarious megnesium concentrations.

The effect of magnesium on the ribosomal components was tested
by using gradient columns conteining verious concentrations of
magnesium chloride. Figure 7 shows scanning patterns of the
resuspended high speed pellet of bean centrifuged on columns
with phosphate buffer (A), 0.002 ¥ MgCl, (B), and 0.005 M EDTA
buffered at pH 7.0 with tris (C). Magnesium caused a marked
change in the sedimentation of the ribosomes, with the major
peak occurring at 4.0 em in 0,01 M MgCls. The chelating
agent, EDTA, which binds megnesium, caused a breakdown of the
ribogomes. Nearly all of the absorbance was within the top
1.5 em of the tube where free nucleic acid should be, Sedi-
mentation in 0.005 M tris-HCl at pH 7.4 (Fig. 8 B) resulted
in a chenge similar to that caused by magnesium, with peaks
at 3,0 and 4.0 cm that were not present in phosphate buffer

columns. Figure 8 also shows sedimentation patterns in tris
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Figure 7. Scanning patterns of 50-200 g sucroge per
ml grsdient columns, centrifuged 4 hr ot 23,000 rpm
containing the resuspended high speed pellet derived
from 0.67 gm of bean leaves,
A - Sucrose dlssolved in 0,01 M neutra} phosphate
buffer. :
B - Sucrose diss0%ved in 0.002 M MgCl1,.
C - Sucrose dissolved in 0,005 M EDTA
pH 7.0 with tris. + adjusted to
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8. Scanning patterns of 50-200 mg sucrose per
ml gradient columns, centrifuged 4 hr et 23,000 rpm,
containing the resuspended high speed pellet derived
from 0.67 gm of bean lesves.

_ 0.01 M neutral phosphate buffer

0.005 M tris-HC1l buffer pH 7.4

0.005 M tris-HC1l + 0.01 M MgCl

0.005 M tris-HC1l + 0,001 M MgC

0.005 M tris-HCl + 0.0001 M Mgcf

- 0.005 M tris-HCl 4+ 0,00001 M Mgcf

Gradlent columns vere prepared by dissofving the
gucrose in the sbove materieals. Tubes E and F were
centrifuged at a lower temperature, so components did
not sediment as rapidly.

Figure
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buffer containing four different concentraticns of magnesium
chloride, ranging from 102 to 10™° M (C-E). The major
component reeched a maximum concentration at 10-2 M, and de-
cresged with further decrease in magnesium. It should be
noted that this change to hlgher sedimentatlion rates occurred
in MgCle alone, in tris alone, but not in tris with EDTA,

Tobacco extracts behaved in a slmiler manner in the

.

presence of megnesium end EDTA,

Effects of denaturins end adsorbing sgents

<

The effect of treating plant extracts with various
denaturing cr adsorbing agents was enalyzed by centrifugation
for 4 hr onv5-20 rate columns in 0,01 M phosphate buffer, and
recording the scenning patterns in the tubes. Controls were
the untreated extracts from the seme preparstions of leaves
centrifuged at the sameé time.

Tables I - V contain results of representative experi-
ments of treatments of healthy plant extracts. Concentrations
are expressed as ml X absorbence at 254 mp measured from the
scanning patterns. Values represent the material in each of
the fractions of the gradient column that survived the par-
ticular treatment. Peaks 1n the scenning patterns usually
overlapped so that values may not be a true measure of the

concentration of the individual components. Scanning pst-

terns were severated into non-sedimenting material in the
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top centimenter, two ribosome zones with different sedimenta-
tion rates as shown in Fig. 10 A for beans and Fig. 1 B for
tobacco, and larger ccmponents usually present below about

3 em. The experiment represented in Table II gave separation
of ribosomes into three zones with different sedimentation
rates, ss shown in Fig. 7 A. Ribosomal components from bar-.

ley usually geparated into two zones. Measurements of thece

two, as well as non-sedimenting materlal and the larger com-
ponents, were made.
Treatments ere listed in the tebles in the order of

relative effectiveness based on the percentage of the total

amount of absorbance removed. However, the relztive effec-

tiveness varied frcm one component to another,

No visible sones were observed in many of the gradient
columns centrifuzed with treated extracts. Photometric
scanning showed the presence of small amounts of absorbing
materiel which otherwise would not have been detected.

Stace of the extract at time cf trestment. In the

purification of viruses, extracts are usually treated after
grinding the tigsue or after low speed centrifugation, Tests
were conducted to determine if the effectiveness of the treat-
ments varied with the time of application., Figure 9 shows
scanning petterns of gradient columns of bean extracts, with
trestments apnlled to the crude sap or to the resusnended

high speed pellet., Fig. 9 A shows the untreated high speed
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Figure 9. Scanning pvatterns of 50-200 mg sucerose per
ml gradient columns centrifuged 4 hr at 23,000 rpm,
A - Untreated bean resuspended high speed pellet,
representing 0.4 gm of leaves.
B - Bean resuspended high speed pellet treated 1 hr
at 40°, representing 0.4 gm leaves.
¢ - Bean resuspended high sreed pellet treated with
CsHPO,, representing 1 gm of leaves,
D - Unt#eated bean crude sap, representing 0,56 gm
leaves.
E - Bern crude sap treated 1 hr st 40°, representing
0.56 gm leaves.
F - Bean crude sap treated with CaHPOh, representing
1.3 gm leecves.

\
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pellet, with the cheracteristic ribosome peaks. When the
crude sap was éentrifuged on gradient columng, the non-
sedimenting phenollc compounds caused a high ebsorbance in

the top 1 cm of the tube and obscured some of the ribosome
peeks (D) in the untreated control. Disregérding the absor-
bance from O to 1 em in E and F, 1t can be seen that both 1 hr
at 40° and CaHP04 were more effective in removing components
wvhen ap-lied to the crude sap than when apnllied to the re-
suspended high speed pellet (B and C). This was particularly
true with CaHPO, adsorption, ‘and with several of the other
treatments. Because of this difference, treatments were

applied to the crude sap and followed by high speed centrifuga-

tion before density-gradient centrifugetion.

| Effects of freezinz. The effect of short- and long-
term freezing on bean leaves, crude sap, end resusrended high
speed pellet was tested. Freezing intazct leaves for one
month ceused very llttle change in the materiesl extracted.
Freezing for 10% months caused some breskdown of the ribosomal
components, but 1ittle reduction in total a2bsgorbance in the
tube (Fig. 10 D) and some removal of the green materisl, One
month of freezing elther of the crude sap or the reéuspended
high gpeed pellet (Fig. 10 B) caused little change ffoﬁ the
fresh extract (Fig. 10 A). When the crude sap wes frozen

10% months,all of the green color was removed, mearly all of

of the components were precipltated from solution, and 1ittle
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Scenning patterns of 50-200 mg sucrose per

Figure 10.
ml gradient columns centrifuged 4 hr at 23,000 rpm.

A-E
A

B
C
D
E

F

sontain materizl from 0.67 gm of bean leaves,

_ Untreated, freshly prepared resuspended nlgh
gpeed pellet.

- Resuspended high speed pellet frozen one month.
_ Resuspended high speed pellet fromen 10% months.
- Reguspended high speed pellet prepared frcm bean
leaves frozen 10z months.

- Resuspended higch gspeed pellet prepared from bean
crude sap frozen 10j months.

- Resusgpended hipgh speed nellet prepared frcm
tobacco leaves frozen 104 months.
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abgorbance remained in the gradient tube (Fig. 10 E), Long
term freezing of the hlgh sreed pellet ccused a breakdovn of
the ribosomal components, resulting in high absorbance in the
top of tne tube (Fiz. 10 C). This sample retained some green
color. Freezing tobezcco leaves did not appeer to be effective
in removing absorbins componentg, although most of the green

color was removed (Fig. 10 F).
Treatments Of besn extracts. The amount of material

surviving various treatments of crude sap cf beans is shown
in Table I. Several controls were required because treat-
ments were applied to different prepsrations, and the un-
treated extracts varied. 1In general, heat treatment, calcium
phosphate, and ethanol were more effective than the other
organic sclvents. The treatments z2lsc varied in the degree
to which they removed the individual components,

Heat treatments, celcium phosphate, ethanol, and chloro-
form-butanol removed the pgreen components., The latter two
elso turned the san brown. Nelther ether treatment removed
all of the green, but the longer time was more effective in
removing the ribosomal components. Acld treztment to pH 5.5
was not very effectlve on either the crude sap or the resus-
pended high speed vellet. Low speed centrifugation 2t pH 5.2
and sdjustment to neutrality removed 211 of the green color,
No zones were visible, but light absorption wes detected near

the top of the tube end around 2.0 em.



50

Results of treestments of the high speed pellet with
three organic solvents are shown in Table II. The ether and
n-butanol treated samples were still quite green, but the
chloroform-butanol treated sample was nearly clear. The
three treatments were about equal in effectiveness of removal
of ribosomel components, and were far less effective than
when applied to the crude sap.

Gradient columns with untreated extracts always had a
pellet at the bottom after centrifugation., Extracte treated
with ether, n-butznol, 1 hr at 40°, and CaHPO, often, but not
always, hed pellets in the gradlent tubes, Other treatments

usually had no pellet.
Trestments of tobacco extracts. Ten different treat-

ments of tobacco crude extract were apnlied to the same
preparation, The amount of meterial surviving each of these
treatments 1s summarized in Teble III. Calcium phosphate wag
most effective, followed by heating for 10 min at 55°. Heat-
ing for 1 hr at 40° was least effective. Acld treatment re.
moved oniy those materials that were irreversibly precipitated
at pd 5.0, since the sap was adjusted to neutrality before

low speed centrifugaticn, One hour shaking with ether wag

more effective then 3 min sheking with the same solvent.
Butanol in combinetlicn with chloroform or ether was more effec-

tive than by itself. Treatments which removed nearly alil cf

the green color were calcium phosphate, 10 min at 55°,
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chloroform-butenol, ether-butanol, and 107 n-butanol. Heat-
ing 1 hr at 40° end shaking 3 min with ether removed very
little 6f the green color. Treatments which had pellets af-
ter density-sradient centrifugation were 1 hr at 40°, 3 min
ether, 9oz‘ethanol, end acid, indlcating that these trestments
were less effectivé in removing the larger cémponents. As
with bean, the trentments varied in the relative amounts of

each of the comnonents removed,

Trestments of barley extracts., Effect of treatmentsg

of barley crude sep was anelyzed on two types of gradient
tubes. Teble 1V shows materlal surviving treatments and
analyzed on 5-20 rate columns. In experiments of Table v,
effectiveness of treatments was determined »y using 50-600
mg sucrose per ml tubes, which wculd give a better measure-
ment of tihe faster-sedimentlng, larger components, Wwith
barley, both heat treatments were very effective. As with
bean and tobecco, 1 hr sheking with ether was more effective
than 3 min shaking with the same solvent. Calcium phosphate
removed far less moterlal from berley than it did from bean
and tobacco extracts. Ethanol, wvhich was quite effective on
beans, did not remove nearly as much meterizl frem barley,

Of the treatments analyzed on 5-20 rate cclumns; only
the 3 min ether trested extract was green and formed a pellet

in the bottem of the tube., Those treatments analyzed on

50-600 mg sucrose per ml columns all showed a gradually
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increased light scattering below about 3.5 em, but were rela-
tively free of any green color. Thls indicates that there
were meterials present in the larger components that were

colorless and did not absord very strongly.
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TABLE I
AMOUNT OF MATERIAL SURVIVING TREATMENTS OF BEAN CRUDE SAP

Treatmentsé/ Fraction from gradlent columnt’ Total &% of

1 2 3 4 control
90% EtoH 1.5¢ 0.8 0.6 1.0 3.9 7
Control 7.6 21,2 24.1 3.4 5643 -
CaHPO,, 1.4 1.3 0.8 1.1 4,6 13
Ccontrol 506 16.3 13.7 0.8 36.4 -
10 Min 55° C 1.6 0.7 0.5 0.0 2.8 6
1 Hr 408 o 2,6 1.4 2.6 0.5 7.1 15
Control 6.8 20,8 17.8 1.4 46,8 -
104 n-Butanol 1.5 2.8 6.1 0.4 10.9 26
Cogtrol 4,6 19.4 16.6 1.3 4.9 -
CHClx-butanol 2.7 2.1 3.2 0.5 8.5 20
104 f-Butanol 3.8 5.4 6.4 0.5 16.1 39
1 Hr ether 4.4 Te3 7.1 0.0 18,8 45
Control 8.4 12.3 19.9 1.2 41.8 -

g/Treatments were applied to crude gsap and followed
by high speed centrifugation. Pellet was resuspended
at 1:1 dilution and analyzed by density-gradient

centrifugation,

E/Gradient columns were 50-200 mg sucrose per ml of
phosphate buffer. Centrifuged 4 hr at 23,000 rpm.

Frezction 1 = non-sedimenting material

Fraction 2 = slowly-sedimenting ribosomes
Fraction 3 = fast-sedimenting ribosomes

Fraction 4 = rapidly-sedimenting larger material

Q/Expressed as ml X absorbance at 254 mp measured
from scanning patterns. Each value represents
material derived from 2 gm leaves.



TABLE II

AMOUNT OF MATERIAL SURVIVING TREATMENTS OF BEAN
RESUSPENDED HIGH SPEED PELLET

Treatménté/ Fraction from gradient column®” Total % of

1 2 3 4 5 control
03013-butan01 3.99/ 2.2 1.5 4,1 0,2 11.9 66
1 Hr ether 3.4 5.1 1,1 4.2 0,2 14,0 78
104 n-Butanol 4.3 3.5 1.5 4.7 1.0 15,0 84
Céntrol 3.6 6.1 1,9 5.8 0.5 17.9 -

a/Treatments were applied to a 1:1 dilution of the
resuspended high speed pellet, then diluted 1:3
for density-gradient centrifugation,

la-/Grad.'tent columns were 50-200 mg sucrose per ml of
phosphate buffer. Centrifuged 4 hr at 23,000 rpm.
Fraction 1 = non-gedimenting material

Fraction 2 = top zone of ribosome material
Fraction 3 = middle zone of ribogome material
Frzoetion 4 = bottom zone of ribosome materisl
Fraction 5 = rapldly-sedimenting larger material

E/Expressed as ml x absorbance at 254 mp measured
rrom scanning patterns. FEach value represents
material derived from 0.67 gm of leaves.
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AMOUNT OF MATERIAL SURVIVING TREATMENTS OF TOBACCO CRUDE SAP

Treatment? _Fraction from gradient column® Total % of

1 2 3 4 control
CaHPO, 0.2 oa 0.0 0.0 0.3 1
10 Min 55° ¢ 0.4 0.1 0.0 0.0 0.5 2
CHClj-butanol 0.7 1.0 1.1 0.1 2.9 11
Ether-butanol 0.4 0.9 1.5 1.4 4,2 16
Acia 0.8 3.0 | 0.8 0.0 4,6 17
1 Hr ether 0.7 1.7 | 1.9 0.7 5.0 19
10% n-Butanol 1.0 2.4 2.7 1.6 T.7 29
3 Min ether 1.0 3.0 3.2 1.2 8.4 31
90% EtOH 1.4 4.7 1.8 0.9 8.8 33
1 Hr 20° ¢ 1.0° 3.4 3.1 1.6 9.1 34
control 2.4 14.3 6.8 3.2 26.7 -

2/Treatment wag applied to crude sap and followed by

high speed centrifugation,

Pellet was resuspended

at 1:1 dilution and analyzed by density-gradient

centrifugation,

E/Gradient columns were 50-200 mg sucrose per ml of

phosphate buffer,

Fraction 1
Fraction 2
Fraction 3
Fraction 4

2/Expressed as

from scanning patterns.
material derived from 2 gm of leaves,

]

Centrifuged 4 hr at 23,000 rpm,
non-sedimenting material
slowly-sedimenting ribosomes
fast-sedimenting ribosomes
rapldly-sedimenting larger material

ml x absorbance at 254 mpn measured

Each value represents
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TABLE IV
AMOUNT CF MATERIAL SURVIVING TREATMENTS OF BARLEY CRUDE SAP

Treatment?/ _Fraction from gradient column?/ Total % of

1 2 2 4 control
0omnss® ¢ 0.4 0.0 0.0 0.0 0.4 2
1 Hr 40° € 0.3 0.2 0.0 0.0 0.5 3
10% n-Butanol 1.2 0.8 1.0  0.04 3.0 18
1 Hr ether 1.1 1.0 0.8 0.03 2.9 17
3 Min ether 2.5 2.5 3.0 0.4 8.4 50

Control 2.6 8.5 4.6 0.1 16.7  --

Q/Treatments were applled to crude sap and followed by
hi speed centrifugation. Pellet was resuspended
at 1:1 dilution end analyzed by density-gradient

centrifugation,

Q/Gradient columns were 50-200 mg sucrose per ml of
phosphate buffer. Centrifuged 4 hr at 23,000 rpm,
Fraction 1 = non-gsedimenting material
Fraction 2 = slowly-sedimenting ribosomes
Fraction 3 = fast-sedlmenting ribosomes
Fraction 4 = rapldly-sedimenting larger material

S/Expressed as ml x absorbance at 254 mp measured
from scanning patterns. Each value represents
material derived from 2 gm of leaves,
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TABLE V
OF MATERIAL SURVIVING TREATMENTS OF BARLEY CRUDE SAP

Treatment® _Fraction from pradient column®’  Total % of

1 2 4 control
CalPO,, 53/ 1.7 0.2 0.4 5.6 22
CHCly-butenol 1.6 3.3 1.9 0.4 7.2 29
Ether-butanol 1.8 _3.4 2.7 0.3‘ 8.2 33
904 EtOH 4,0 4,1 3.0 3.9 15.0 60
Control 6.7 11.0 4,6 2.6 24,9 -

é/Treatments were applied to crude sap and followed by
high speed centrifuzation., Pellet was resuspended
at 1:1 dilution and analyzed by density-gradient

centrifugation.

E/Gradient columns were 3, 5, 5, 5, 5, and 4 ml of
50, 100, 150, 200, 400, end 600 mg sucrose respec-
tively, per ml of phosphate buffer, Centrifuged
2 hr at 23,000 rpm.

Fraction 1 = non-sedimenting meaterial

Frection 2 = slowly-sedimenting ribosomes
Fraction 3 = fast-sedimenting ribosomes

Froection 4 = rapidly-sedimenting larger material

Q/Expressed as ml x absorbance at 254 mp measured
from scanning patterns. Each value represents
material derived from 2 gm of leaves.,



DISCUSSION

The use of photometric scanning for the detection of
components 1in denslty-gradlent columns was gquite useful as a
rapld means éf evaluating the effectiveness of various treat-
ments of extracts of healthy plants. Observation of centri-
fuged gradient columns by passing a ray of 1light down'through
the tube was 2180 uspful,’but was of value only for detecting
particles that were large enough or present in a high enough
concentration tolecatter sufficlent light to make the zone
visible. An accurate éstimation of concentration of the
geparate componenté wag very difflicult by this method. Vhen
untreated plent extracts were °°ntr1fused.~light-scatter1ng
materials were usually present throughout the gradient column,
ﬁaking 1t almost impossible to accurately detect the'separate
zones. Dilution of the extracts to dearease light-scattering
also decreased the components that sedimented as discrete
gones to a point where they were hardly vigible. Photometric
scanning was considerably more sensitive in detecting ribo-
somal components which absorbed highly at 254 mp but scattered
11ttle 1light. As long as the concentration of these materials
wvag below the maximum recording capacity of the scanner,
separate peaks were detected even in the'presence of mény
1ight-scattering materials,

Measurement of the area under scanning pattern peaks

gave an estimation of the concentration of the various
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components. These peaks were often qulte close together, so
divisions for measurement could not be made accurately enough
to avoid contamination from adjacent peaks. Procedures were
standardized as much as posslble to meke any errors consistent
between the various measurements,

Deptns of the tops of the vigible 2zones were usually
1 to 2 millimeters above the depth of the maximum helght of the
peak on the scanning pattern, As-a general ‘rule, any visible
ne in a gradient column was expressed as a peak on the

20
A notable exception to this was the failure

gscenning pattern.
of the scannér to separate the many colored zones produced
during centrifugation of plant extracts through Igepon-con-
taining gradient columns. In contrast, scanning often de-
tected peaks where no visible zones were observed., A
concentration of ribosomes of 5 to 5 ml x absgorbance seemed
necessary before a zone was visible, depending upon light-
scattering 1n the beckground. Centrifugation in cesium
chloride gredient columns partlicularly resulted in detection
of high concentrations of abscrbing material at depths vhere
no zones were visible. Reglons of consliderable light-scat-
tering, such as often found In the lower half of rate gradient
columns, were apparently due to the larger components which
absorbed very little UV light, '

Ribosone partlicles with spproximetely the same prop-

ertlies vere isolated from bean, tobecco, and barley leaves.



Properties were also similar to those of ribonucleoptotein
particles from pea seedlings (Tso et al., 1958) and from

E. cclil (Tissleres et al.,, 1959), and to properties of the
normel leaf nucleoprotein materlal 1isolated from tobacco
leaves by Pirie (1950, 1956). Sedimentation constants deter-
mined in this study were only approximete, but their values
fell into the range of values reported for ribosome particles
Alteration of sedimentation patterns in

from other sources.
gradient tubes containing different concentrations of

dengity-
magnesium (Fig. 8) was consistent with the results reported
for other ribosome particles. Electron microscopy of ribo-
gome perticles from bean leaves showed small, nearly spherical
particles that gseemed to be more aggregated in semples gedi-
menting a2t n faster rate, which esgrees with observations of
E. coll particles (Hall and Sleyter, 1959; Huxley, 19€0). |
Instability cf these particles with increased purifi-
catioﬁ, es Indicated by the fallure of recycling attempts,
mey have been due in part to the removel of magnesium frem
the system. Complete removal of magnesium with EDTA caused
breakdcvn of the particles irto stlll smaller units, which
also occurred with particles from E. coll and pea seedlings.
The extracts were continually exposed to 0,01 M phosphate
buffer, which also removed magnesium from the system. Sedi-
mentation through gredient columns conteining tris buffer or

various concentratlons of magnesium resulted in the formation
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of larger particles than were present in the extract when
gsedimented through phosphate buffer or water gradlent columns.
Higher concentrations of plant extracts, such as used in the
determination of sedlmentation constants, resulted in the
formation of faster-sedimenting particles than found in lower
concentrations, even when both were sedimented through phos-
phete buffer. The smaller emount of agsregation at higher
dilutions could have been caused by the lower concentraiion
of magnesium or by the lower concentration of small ribosomes.
The result suggests a readily reversible reaction,

Recycling of the varlous ribosomal components on
ceslum chloride gradient columns indicated that there may be
gome differences in density between the particles. This 1s
different from the sltuation reported for E. coli ribosomes,
vhich apparently all have about the same density. .

Ultraviolet sbsorption spectra of ribosomal samples
from gradient columns indlcated the particles contained o
high concentration of nuclelc acild. 3Slight differencead
between the particles were observed in the different absorp-
tion spectra and in thelir appearance in electron micrographs,

These differences in density, absorption spectra,
appearance, and the fect that a'portion of the slowly-sedi-
menting ribosomal fractlons remalned even at a high magnesium

concentrations suggests that something cther than, or in

addition to an aggregation of baslically similar components
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is involved in the ribosomal patteen in extracts of healthy
plant leaves.

The various denaturing and adsorbing agents that are
commonly used for plant virus purification varied somewhat in
their action on the components in healthy plant extracts,
Differences were evident among the three specles of plants
tested, and between the action on the ribosome components
and on the faster-sedimenting protein components. Treatments
of the resuspended high speed pellet with organic solvents
and other agents removed some of the green color of the ex-
tract, but removed very little of the ribosomal components.
The same treztments applied to the crude sap were much more
effective in removing the ribosomes, indicating sometiing
that labilized tle rlbosomes was removed from the system
during high speed centrifugation,

In general, the treatments applied in this-study were
quite effective in removing normal-plant components from the
system. Nearly any treatment which does not denature the
virus in question should be a useful means.or removing some
of these components. However, the action of these agents may
be different in plant extracts ccntaining a virus, or the
normal-plant components contained in infected plant exﬁracts

may be different from those contained in healthy plant

extrrcts.
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Heeating for 10 min at 550 C was the most consistently
effective treatment for removing ribosomal ccmponents, as
well as the green color.

Freezing hoas often been used to facilitate the releace
of viruses from host tissue and has been claimed to denature
meny of the host materlals. 1In the present exveriments,
short-term freezing of one month did not remove many materials,
and longeterm freezing was most effective when applied to

crude sap. Freezing of intact leaves di1d not alter the hoat

meterial to any great extent.

Cne of the simplest ways to avoid contamination'in
virus preparations 1s to use older leaves containing a lower
concentration of ribosomal components and extractable green
maoterial, If it is necessary to use younger leaves, the
best method for removing ribosomes 1s probably by agzregetion
with high megnesium concentrations or dispersion with EDTA.
This would, of course, depend on the properties of the virus
in question. '

The 1solation and detection of these normal-plent
components 1s very lmportant to the successful purification -
of plant viruses. Thls fact was recognized by Pirle (1950,
1956), who detected normal-plant nucleoprotein particles in
purified preperations of TMV, Contamination is usually not
a problem with stable viruses that may be purified over g

period of several days by rather rougzh methods, Yor unsgtable
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viruses or those that are present in low concentrations in
plent extracts, contemination could be quite important,
Ribonucleoprotein particles were easily 1soleted from healthy
plants by methods often used in the purification of plant
viruses. Methods which may remove tae contaminating material
may also éause agoregetion or densturation of the virus and
cannot be used. Even density-gradient centrifusation'may not
be sufficient for separating ribonucleoprotein particles from
some viruges, since under certaln conditions these narticles
have sedimentation constants in the range of several sphericsal
viruses., |
Ultraviolet absorption at 260 mu is often used as a
measure of virus concentration. With partially purified
preparations,many ccnteminating materials such as ribosomal
components or the larger components may interfere with tuis
measurement. Dry welght analysls of the larger ccmponents
indicated that although the yleld of such particles per
weight of tissue 1s smaller then for some viruses, absorbance
of 2 1 mg/ml concentration is greater than for many plent
viruses, such as TMV which has a value of 3.24, The ribo-
gomal components absorb much more strongly at 260 mu than do
the larger conponents. Tlssleres et al., (1959) has reborted
values from ;4 to 18 for ribonucleoprotein particles fronm
E. coli. Evena small amount of contaminaticn by thege

particles could cause & sizable error in estimation of virus
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concentration. Ultraviolet absorption spectra have been
used as a criterion of virus purity, but spectra for ribo-
gomal particles closely resemble those of some viruses.

Further study of the ribosomal partlicles may be very
useful in connection with the study of non-infectlous
nucleoprotein particles thaf have been assoclated with scme
~viruses. Contaminating normal-plant components could also .
be very important in plant virus serology. Study of the

action of these particles and enzyme systems assoclated with

them may reveal some important facts concerning synthesis of

viruses within plant cells.



SUMMARY

Protoplasmic comﬁonenﬁa of healthy bean, tobacco, and
barley plants were 4s0lated and studied by use of techniques
common in plant virus purification. Three major types of
components were seperated by density-gradlient centrifugation
in columns prepare& with 0,01 M neutral phosphate buffer.
Materisl that did not sediment in hlgh speed centrifugation
or through gradient cclumns consisted mainly of phenols and
low molecular weight proteins. Ribosomal components sedi-
mented through density-gradlent columns at rates simllar to
scme small spherical plant viruses and to previously reported
gedimentation rates for ribosomes from E._coli and pea seed-
These particles appeared spherical in the electron

lings.
and strongly absorbed ultraviolet light., ' The

nlcroscope,
integrity of the particles depended upon the concentration
of magnesium 1in the system, with larger particles predomina-
ting in higher concentrations of magnesium; Three to five
distinct ribosomal components differing in sedimentatlon

rate, density, end ultraviolet ebsorption spectra were observed,
Material that sedimented more repldly through rete density-
gradient columns could be seperated 1nto three components

by equilibriun zonal centrifugation in sucrose gradlent

colunns. These bomponents vere larger, less dense, end ab-
sorbed less ultraviolet light than the ribosomes. The lightest
and heaviest of these components were white, but the intermedi-

ate one was green,
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Older leaves usually ylelded a lower concentration of
components. Different condltions of density-gradient centri-
fugetion varled the number and relative concentration of the
coﬁponents detected. The pattern of sedimentation was mark-
edly changed by centrifugation in gradient columns containing
phosphate buffer and Igepon, cesium chloride, tris-HC1l buffer,
tris-HC1 and EDTA, or varlous concentrations of magnesium,
Instebility of the ribosomal components was .indicated by the
failure of recycling attempts,

Centrifugation in density-gradient columns contalning
phosphate buffer was used as an analytleal method to evaluate
the effectiveness of different denaturation procedures on
extracts of heslthy plants. Concentration of the components
wags measured by photometric scanning of the centrifuged
gradient columns.

Denaturation treatments tested included heating, vari-
ous organic solvents, calcium phOephate,'acidification, and
freezing. Scanning patterns of treated extracts were ccm-
_pared to thoge of untreated resuepended'high speed pellet
from the same preparation cf leaves. Effectiveness varied
among the plant specles tested, but in general, heating,
long-term greezing, and calclum phosphate adsorption removed
more of the normal plant components than did other treatments,
Treatments of the crude sap followed by high speed centrifu-

gation were more effective than the same treatments on



solutions of the resuspended high speed pellet. Components
were algso effectively removed from extracts by aggregation

with high magnesium concentrations and dispersion with EDTA,
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