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SUMMARY

The viral purticles from the Murive leakemid
- cmples MSV 784, Moloney, can e par-
o ferentiated according o thewr sedimenti
tton raies in sucrose gradients, The veral pariicles
isolaied after rafe zonal sedimeniation do ot
shuw any appurent physical differences under
microscopic observation. The samé RNA depen.

Lot DNA polvinerase activity was found in the
yegstomn of the gradient where vieal particles were”

f‘{?luig’,f,

The viral particles separated by zonal centrifugd
tior are able (0 caise focus furmation i purine
entbryonte fibroklast tissue culiures, but 1he paat

of viral particles partially differentiated by rure”

sonal centrifugation iy more INfactions.

Codentical separation was ohserved with 3 XV,
e Bagy, zomal sothrs. Thus, we described a very -

ropid methiod of purificarion of the murine lewie
e vIrieses @f [he sgme fime st s o :

INTRODUCTION

Murine leukemia viruses have been purified by

differenzial cenmnifugation (I, 2) or by ultra-.

ceptritugation in density gradients of sucrose or

walts €3, 4, 5, 6, 7). Since these virusces have a-

characterisiic’ buovant density of Ll g/mil the
most common procedure for theie 1solation has
been through isopycnic centnbugation in depsily
gradients.

. Tophn has deseribed o o ethod Lor the lurge vor

lume purification of tumor virgses The virus
fluids are subjected to a priman L entrnifugation
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RESUME

Nows avons pic différencier purticlioment fes par
ricrdes de conplexe sarcomaiogene wurtn sclon
lewr vitesse efe sédowentarion duns un pradienr de
sacchurase. Les purttcndes gue’ nous avons ainst
separdes e presentent pus de différences phvsd-
grees visthles pur nicroscople dlectroniquee. :
Ces payticudes ont o wiépie activitd « RNA depen-
dant DN A pulviierase » el sonf capables d'inauire

da formation de fovers de converstan cellplaire.

Cependant, lv mélange des parficules w0 siépa
rees enlrdine wHe aigmeriation die pocvoss Tras-
formunt ' ER I

P sdme type de séparation esi vbrerye avee les

Crorers BX PV et Bl I Sagi, par aflicuwr s, d'un

L methode rapde de purification des oirwe sarconto-
Clagenes prurins, : h

i continons flow zonal rotor, then Lo oa second
centrifugation in a Bry 7onul rotor”

Thus we have seen that viral partiche i MSV-
78A, can he partislly differentated wooonding 10
their sedimentaiion rates in sucrose density gra
dicnts,

Woe Bave observed the punty of these particles by
clectron micruscopy. The RNA Gopesdunr DNA
polviierase activity and the Locus foraung ACTIVELY
of the particles parnally difturentated after rale
conal centrifugation were analysed.

MATERIAL AND METHODS

Virus

The virus was ohtained [rom coiture superpatants
of 4 continuous coll hue (784,71 of rut fibroblasts
infected with murine sarcoma virus, Moloney (M-
MSV ), and regularl producing this virus (8)

Conceniration of the virus witht polyvethvylene ghy
col tPEG)

The viral particles were concentrated irom culture
supernatants by precipitation of the clarified
liuids with 1710 volume of 50 p. cent polyethylence
plycol (PEGY (9). The resuiring precipitate coir
faimng the vires was then vesuspended i a ming-
minm volume of NTE buffer (115 M NuaCl, Do M
Tris hydroxymethyl amingmerhane, 0001 M cthyle-
pediuminetdéirascetate, pH = 83

Ruare jounal centrifugation

20 ml of viral suspension were introduced ina
BXIV., or B zonal rotor «laterannonad Eogtp-
ment Company) containing a hnear gradient uf
800 m! ol 5 p. cent - 45 p. cent w/w sucresws suf
fored with NTE and o cushion of 45 p. ¢ent w &%
suctuse for BXIV,, rzonal voror or 18 poooont

50 p. cent w/w suerose bulfered with NTE and a
cuahion of 50 po oot w/w sucrose for By, zonal
FuLor.

The sample was followed by an overlay of NTE
buffer (100 mi of NTE with BXIV,; or 70 ml uf
NTE with Buw). The gradivnt, cushion, sampie and
aoverlay were all introduced into the rotor white
cpinning at 2,500 rpm The actual centnifuguton
wis careied out at 23000 rpmn for 20 iminutes at
S0 after which rime the relor was decelerated to
2500 ram [or uploading ([ w* dt = 113 =0 1)
The cuntents of the BXEV,, rotor were reeovered
from the cure by introdoacing 45 p. cent w/iw
sucrose through the rotor edge, the Contanis ol
the By rolor were recovercd Lrom the edge by
itroducing water through the cove, Ten rfiititer
fractivns of the gradienl were collected

RBNA dependent BNA polyimerase e fiviiy af o
pruciions

The remction o ure, describoed by Baltnoore (1G)
and modified Ceables (personal comemunicas
Loy contme- 1 805 M Tos-HCIpH = 14,

002 M KCE: S0et M dithicthreltol ; 006085 M Mn
(CHOO0R 25 o« T uM HTTE (specilic acn-
vty 2He CiANG
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Pabymerase actevity was sncasared using 10 4 of
every ciler fraction of the gradicnt per 63 ol of i b 48
reacnion puxture, The reaction was stinwiated by —
exogenous paly £A alige dTsn the presence of opte L 40
muin conceriranon (0.04 pooend v/v) of detergent . !
Nonmdet Po. The neorporation of "HTTD into acid '/ L 23
insoluble matenial was measured aftey 30 minutes i V4
imcubation at 370 C, by trichloracetliv acid precipt . g L 30
ration and counibie on membrane Glters 5 / s
2 10 / F23 -
. 2
Focus formang qorvine of tondd fractions = ‘/ L cu =
- =
For murine lenkemiasarcomm complex MEY - 784, < i e
: e A S . 2 Lo
focus assays, murine crnbryonic fxbzobi\tt\e..& were 5 oo b e ~
plated in Pelrt dishes gt a coucepmration of = A L LA i L ‘o
3 ¥ i celds por dish and infected the following = r
tay with the different fracuons of the gradicnt o .
after dilution Sy deys afrer infoction, fool ol I
fransformed cells were counted upder microscopic N
ahscrvation. w10 W W % &0
JRA{LION M aer
Pigure | Absorbuncy proble of o viral preparchon ot
SV TS, subgecied o rate sedivsontaion throagh o dorear

RESULTS

Figurce 1 shows {he sedinentation profile ol o
viral prepavation subjecied to orate conal contri
tugation with B XTV, rotor,

The samc protile was vleserved in figure 2 with
By rotor.

I'ne fruchons coyresponding to cacht different
peak of absorbancy in the gradient {a-¢) were
pooled _as indicared, and lhe (nEEmoe of ViU

ascertained by subscgusnb electron micToscopy.
25 Ned Dy S _BlEciron T P}

The majort v ol vical particles was found in the
regioms ol Be goadient Botween 15 end 30 pocent
W7W SUCEGT S colTeaPURGiNE 0 peaks marked

‘¢ andth

T .

From the electronphoty tociographs (Fig 3b. d),
' these fractions confained miainly Lypical Sphericd
C-type particles,
No apparent difterences i physical apprarance
could Ty Jiscer among  the viral particlés T
1 s sign of aggrepation

M—‘—A

particle

“The fastest scdimenting peak () also contamnced
viruas parlicles, which were however, un<ed With

Flarge amounts_of cell_debrs, the former prosumas-
biy having been trapped by the tateer (Fig Je).

Similarly, the starting sample rone ERII
contained Somé vitus parucles, but fur the mo:,
part thése fractions contwined ecll debris which
under the conditions cmploved did et migrate
inte the gradient Figure Ja shows an electron
photomicrograph ot the viral preparadion before
rate zonal contrifugation.

Inanother cxperiment, the iraet ding

16 TER TS T razhient

subjected T a seeond zonal contrd ugatiun under
ronditions approaching the densify eqailiDyiugt o
the virus particles In the latter case, only on
main peak could be scen, banding 1o The Topon of
the groadient corresponding 1o o density o L4 -

: {Fig. 1 ar 21} were
yooled, concentrated wah 10 o cent FILG and thon

\
\;;;u-;f.(’m' ot sucrose wt the B XV, zonal refor

{ivendy erttiliditars of wairal susprasion svers tetroduccd it
the rofor witder the corndinons outhnoed w0 the fexg

Fen putlitites traciions were colfoceed and the absorbuncy as
weH as the retracnve tndey of cermin fractivies was deter

vt ared
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Feguare ! Bate separanian of w ovral preparaien of MSV
TEA o the BHyg, Zundl dofor Sepotalion swas sunidbur fe
that 11 Figre | ihe peincpul difference svas the use !
coas o adaading s pface of wiloading roeen the edee

Lo =uosequent runs where the particles obtained
Poem rate 7onal sedimentation woere subjected to
cogmibibrivm  depsity  centrifugation  in suerose
aradivats for 20 bours at 5 C, the virus was found
553;13 tr band at a density ol § 1115 g/ml




Figure 3u

In this case, rather small peaks of material were
shserved it the lighter and heavier ends of the
gradienrt, indicating thar the particles isolated
under conditions ol rate sedimentation considered
maindy of virus particles and very tittle amounts of
conlaminating malerial.

Thus, we seem to have obtained evidence for a
pepulation of viral pariicleés having the same
cquilibrivm duensity, but which can be partially
Jiffereatiated  according to their sedimeniation
vales.

Since oncogenic viruses have recently been tound
te confain RNA dependant DNA polymerase (10),
we decided 1o test every other fraction of the gra-
dicnt for this cneyme activity.

Several peuks of polymerase activity were detected
throughout the gradient, the peaks corresponding
tu peaks of absorbancy at 260 nm, as iflustrated in
fig. S Three partially rosolved peaks ol enzyme
aclivily were secn i the region of the gradient
(15-30 p. cenl w/w suicrose) where essentially
only viral particles wers found before, again
indicating the differcncisnon of these particles
according to thewr sedimoeatation tates, There was
significant activaty in the sample zone and the
fastest sedimenting peak, consisting mainty of ccll
debris, This epzymaric activity cap ot explained

by the prescnce of some virus paiies i the. o
reprons, and, suee ondlar polyse s hivily e

been tound in nurmal gelis, qe - b d cdnly asus
Boad o the ovblufar Snzyvme ! s .




Figure 3d
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Fjg:_l.'se‘ 1 - Fleciron photericragraphs of the vieal prepara-
tiun of M3 V T8A, before and afler rata wonal Centrifugation
wa pooled Jructons correspoanding 1o the regions of .'}?e gra-
dient as indicatad in Figura ! werp concetinfed by precip-
tation with PEC. resuspended in nusmunt volymes f;,; N?ﬁ
buffer wid pelteted with 10 p. cent boving albumen 1,
aliquet of the siral suspansion before sunal cennifu :m‘.'
way sinilarly pellafed he pellets were Fixed with ghsg ;;1
depvde, embedded in Lpan-Araldite und stained wiih m‘* - {A
degtate . e
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bigive A Absorbancy projie of the wral parbiles pro-

viously isolared b}* rafe sedimetation in sucrose gradionss

and subseguently subjeciod to g seeond dessity yradient cen-

infugateon under conditions approaching density equalibrivm |
ot the parficles

Lhe fractions corresponding to the regrons marked b - d of
the gradivnt in Figure 1 oware povled. concentraied by praci-
putation with PG and reswspended i 56 ol of NTE bujfer
The matenal wos then vuroduced info u B XIV | ropal rotor
condining 350 ml of « gradient of 10 . 55 p cenl wiy
sucrose buffered with NTE pollowed by on Lw:erfa;f ot 100 !
NTE  Comtrifupation was carried ont ar 46000 rom for
5 hoters wi 30 (J' widr = F ¥ w Johy
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On the othetr hand, we tested ability of the diffe.
: fraciiens of the gradienr - induce tracsfor
miout ol rmurine  embryon: fibrobiasts  as
desribed in o« Material and Motiwods s,

Figure 6 shows the inlectivity profile of the diffe-
renr fractions in terms of their ability 10 cause
focus furmation. Thice peaks of facus forming

activity were obsctved in the region of the seds
mearation pocfide where clectrephotomicrogiapn
shows essentially virus particles.

Prolisninury cxperiments seem to show that pool
of fractlons corresponding to region b and d, after
PEG concentration was more able o mduce
cellujar wransformation than either those of re
gions b or d.

DISCUSSION

Lu this paper, we described a very rapid mean for
the purification of Murine Sarcoma Virus by rate
condl comrifugation with B XIV, or B roior

(On the other hand, our resulbts demonstrate Lhat
virus particles which band at essennally the same
density can be partially differentiated according (o
thetr sedimentaiion rates in sucrose gradienis, Iy
ts known that stacks of MSV consist of at least
two different viral particles, murine leukemia
viruses (MILV}) and defective murine sarcoma
virions (MSV) (12}, Recently, the existence of a
third component, consisting of competent murine
sarcoma virions capable of inducing cellular trans-
formation without the intervention of helper leu-
kemia virus has been postulated (13}, Compertent
MSV was found o have a higher sedimentation
coefficient . in sucrose gradients than detective
MSV parricles (143, On the other hand, it has been
reported . ihal competent MSV particles had a
ligher equibbrivm density in sucrose gradients
and couid thus be separared from MLV and
defective MSV (19},

So, it will be mteresting to determine the diffe-
rences of biolegicel activity of the viral parncles
tn order 1o rhake any conclusions on the exact
relgtionship of the particles having different sedi-
mentation rates {n sucrose gradient with the com.
ponents of the murine leakemia,

In preliminary experiments, the enhancement of
foch forming activity by the mixture correspon
ding to regions b and d of the gradient suggest
& difterenciation of the biological activity of these
tWO peaks.

Further stadics are being carried out (o substan-
tate this condition, Two cell assays which detect
prosence of jeukemia virus are being uscd
sarenma  positive-dcukemia  negative  cell assay
described by K. Bassin (16} and XC cell wnnay
described by P.W. Rowe (17).

These studies should make it possible for us 1o
dtaw conclusions as to the nature of viral partis
cles differentiated according fo their sedimenia
tion rates s sucrose density gradients.
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