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BIOPHYSICAL STUDIES OF MAMMARY TUMOR VIRUS: 

PURIFICATION AND CHARACTERIZATION 

Abstract 

JaRue S. Manning 

Milk samples from primaparous and multiparous BALB/cfC3H/Crgl 

mice were examined for Viral infectivity using the hyperplastic alveolar 

nodul~ bioas~ay. Both whole- and skim-milk preparations contained high 

titers of infectious lvl~V (10-6 to 10-9 infectious end-point titer per 0.1 

mi I li I iter). Milk-borne MTV remained infective following treatment with 

0.08 M EDTA or at pH 3 for thirty minutes but was inactivated by exposure 

to chloroform. MTV skim-milk bioactivity was thermostabi le at 50°C for 

thirty minutes and at 37°C or 25°C for twenty-four hours. 

MTV milk-samples were isopycnical ly banded in continuous density 

gra~ients of different composition. Analysis of gradient fractions 

indicated that lvJTV buoyant density was simi I ar to that repor-J ed for other 

oncogenic RNA viruses. Electron microscopic evidence showed that the 

light scattering band at 1.170 gm/ml in sucrose density gradients con-

tained complete MTV particles of 105m~ diameter. A second band in the 

same gradient at 1.163 gm/ml contained pleiomorphic particles suggested 

to be incomplete MTV. 

MTV was purified· from mi-lk sample_s by sequential rate- and iso-

pycnic-zonal centrifugation. Purity of the MTV preparation was based on 
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analyses of gradient fractions with respect to (a) viral and non-viral 

antigenicity, (b) U.V. absorbance, (c) 3H-RNA radioactivity and (d) par

ticle morphology. Based on alI these criteria, the combined centrifu

gation procedure resulted in a higher degree of viral purity than pre

viously reported. MTV buoyant density in sucrose gradients was 1.17 gm/ml 

and the sedimentation coefficient s20 ,w was estimated to be 800 to 900s. 

Electron micrographs of purified MTV demonstrated both the homogeneity 

and the isotropy of the preparation. Other morphological studies 

suggested the outer viral envelope to be composed of discrete subunits. 

The viral nucleoid appeared as a poorly resolved tangle of filaments and 

no detailed information regarding its structure was obtained. 
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CHAPTER I 

Introduction and Proposal 

The development of mammary tumors in mice has· been related to a 

milk-factor transmitted from the mother to the progeny (Bittner,1936). 

Considerable evidence in the I iterature indicates that the milk-factor 

is a virus (Andrews, 1939; Dmochowski, 1953; Moore, 1963; Blair, 1968) 

commonly referred to as mammary tumor virus O~TV). The viral etiology of 

mouse mammary. cancer is generally accepted and mu~h is known about the 

genetics and endocrinology of the infection and tumor development (Dmo-

chowski, 1953; Bern and Nandi, 1961; DeOme and Nandi, 1966; Blair, 1968). 

In contrast, with the exception of recent information on MTV nucleic acid 

(Duesberg and Blatr, 1966; Duesberg and Cardiff, 1968), relatively I ittle 

is known about the biophysical properties of the virus . 

. <Due to the comprehensive reviews of the MTV I iterature by 

Dmochowski (1953) and Blair (1968) and discussion of the salient litera-

ture in the introduction to each of the subsequent chapters, a separate 

literature review is not included in this thesis.) 

A careful .review of the I iterature revealed that (a) the con-

centrafion and biostabi I ity of infectious mi lk-borrie MTV had not been 

·established; (b) the buoyant densities reported for MTV did not agree 

with values for other, similar oncogenic viruses; (c) a purification pro-

cedure had not been reported which permitted a precise biophysical and/or 

immunological characterization of milk-borne MTV. Based on these findings, 
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the following series of investigations on milk-borne MTV was initiated: 

(a) infectivity~titration and biostabi I ity studies of MTV in mouse milk 

(Chapter II); (b) characterization of fv1TV banded isopycn'ically in several 

gradient solutions (Chapter I I I); and (c) sequential rate- and isopycnic

zonal centrifugation of MTV and further characterization of the purified 

virus (Chapter IV). 

f 
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Bioactivity of Milk-borne MTV: 
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CHAPTER II 

Bioactivity of Milk-borne MTV: 

Infectivity Titration and Stabi I ity to Physico-chemical Treatment 

A. Introduction 

Lactating mammary-gland extracts and milk from MTV-infected mice 

have been used in numerous bioI og i ca I and phys i ca I investigations of MTV 

(see reviews:. Dmochowski, 1953; Blair, 1968). However, studies of only 

I imited scope have been reported on the titration and stabi I ity of the 

MTV-infectivity from these same sources (Andervont and Bryan, 1944; 

Bittner, 1945; Graff et ~., 1948, 1949, 1952; Huseby et ~., 1950; 

Lasfargues et ~., 1958). Past work on the tumor-inducing potential of 

virus-infected lactating-gland extracts has been restricted to a narrow 

range of dilutions, with the puzzling result that in some instances tumor 

incidence increased with higher extract dilution (Bittner, 1945). Since 

the highest dilution tested (1~3 ·~ was found to be tumorigenic, no esti-

mate of the infectivity titer was possible. Huseby et ~., (1950) re-

ported continuously decreasing tumor incidence when high dilutions of 

8 
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eel 1-free lactating-gland extracts were injected into test mice. However, ~ 

the number of dilutions tested was insufficient to confirm the earlier 

finding of Bittner (1945) or to establish the concentration of infective 

virus. Lasfargues et ~., (1958) reported that milk from virus-infected 

-12 mice was tumorigenic at a dilution as high as 10 . 



Very I ittle information is avai I able regarding the stabi I ity of 

MTV-bioactivity to various treatment. Andervont and Bryan (1944) repor

ted that the infectivity of lactating mammary-gland extracts was thermo

lab! le; no infectivity was found following heating at 61°C for thirty 

minutes. Lasfargues et ~., (1958) reported that milk-borne MTV samples 

were inactivated upon incubation at 37°C for four days. 

9 

No studies have been reported on the stabi I ity of milk-borne MTV

bioactivity to treatment with acid or organic solvents. (Lyons and Moore, 

1962, noted that MTV-particles, obtained from ami lk preparation, were 

disrupted by ether, but no information on viral infectivity was included.) 

Barnum et ~- ·, ( 1944) reported that mammary tumor extracts v1ere i nact i

vated during exposure to pH 4.5 for two hours but that other tumor ex

tracts were not inactivated following extraction with acetone or petro

leum ether. 

Previous, MTV characterization studies have shown the des i rab i

lity of removing casein aggregates from r,1TV-infected milk samples (Grc:ff 

et ~., 1948, 1949, 1952). These authors demonstrated that treatment of 

mi fk with chymotrypsin or with citrate did not apparently alter the viral 

infectivity. Moore et ~ .• (1962) reported on the use of the chelati"·::J 

agent, Versene, to disrupt casein aggregates, however the effect of this 

agent on MTV-infectivity was not clearly established. 

The variabi I ity of the methods used in the above work and the 

preliminary nature of several of the studies preclude a comprehensive 

Interpretation of the collected results. This points up the need toes

tablish the milk-borne infectivity titer ~nd the viral stabi I ity under 



different conditions. In the titration and stab i I i ty studies reported 

here, several pools of fvlTV-infected milk were used. t-'JTV infectivity, 

determined using the hyperplastic alveolar nodule bioassay (Nandi, 1963; 

Nandi and DeOme, 1965), was tested following (a) serial dilution, (b) 

treatment with EDTA, chloroform, or pH 3, and (c) exposure to different 

temperatures. Non-viral milk components could conceivably have a pro

tective effect on the virus. In order to evaluate this possibi I ity, the 

infectivity of vesicular stomatitis virus (VSV), suspended in f-'JTV-free 

mouse milk, was studied following exposure to pH 3 and 50°C. 

B. Material:. and Methods 

10 

1. Mouse milking apparatus. Several devices for obtaining milk 

from lactating mice have been described (Kahler, 1942; McBurney et ~., 

1964; Sykes et ~ .• 1964; Feller and Boretos, 1967; Nowinski et ~., 1967).· 

Since alI have certain disadvantages, a new mouse mi I king device was 

developed which ·incorporated the best features of several other milkers 

(McBurney et ~., 1964; Feller and Boretos, 1967; Nowinski et ~., 1967). 

The apparatus, shown in Figure 2. la, is simple, inexpensive, and both easy 

to clean and to use. Most importantly, good milk yields were realized 

with its use. 

The shafts of two sixteen-gauge stainless steel needles were in

serted through the top of a number 15 vaccine vial cap. A short piece of 

PE 100 tubing, flared on one end, was fastened to a si I icon rubber teat 

cup (kindly furnished by Dr. Wi I I lam Fel IBr, National Cancer Institute). 

The other end of the tubing was attached to one of the needles in the cap. 

I, 



Another piece of PE 100 tubing connected the second sixteen gauge needle 

with a vacuum source. Prior to mi I king, the vaccine vial cap was insert-

ed into the top of a precleaned 2 dram vial. The use of this apparatus 

is described in Section 4. 

2. Virus assay. MTV infectivity was determined using the assay 

developed by Nandi (1963), which is based on the occ~rrence of hyper-

plastic alveolar nodules in the mammary glands of MTV-infected mice 

following exogenous hormonal stimulation. Such stimulation was usually 

effected by two implants of hormone-pel lets (0.32 mgm estradiol, 79.84 

mgm cortitosterone-acetate, 19.84 mgm cholesterol) at seven week inter-

vals as desc(ibed by Nandi and DeOme (1965). In some cases, the first 

and/or second implantation was replaced by daily intraperitoneal (i .p.) 

injections of the hormones (1 ~gm estradiol, 500 ~gm deoxycorticosterone 

acetate) in aqueous sus~ension. Formaldehyde-fixed mammary glands 

stained with iron-hematoxalin as described by DeOme et §j_., (1959) were 

examined for the presence ~f hyperplastic.nodules using a dissecting 

microscope (3 to 7X magnification). The total number of nodules observed 

in alI glands from each mouse was recorded. Nodul !genic bioassays were 

performed by myself or by Melpar, Inc. (Falls Church, Va.:. 

11 

VSV infectivity was determined using the standard chick-fibroblast 

plaque assay (McClain and Hackett, 1958), the detai Is of which are not 

reported here. (For a discussion of plaque assays see .SchmJdt and 

Lennette, 1965). 

3. Test animals. Test animals used for determining MTV infec-

tivity were five week old BALB/cCrgl or BALB/c/MBA (Microbiological 

Associates) female mice. (BALB/c/MBA mice were used exclusively by 



Melpar, Inc.) AI I mice were randomized among the cages and eartagged 

before use. 

4. Source of viruses: collection and storage. MTV-infected milk 

was obtained from primaparous or multiparous BALB/cfC3H/Crgl. mice, seven 

to eleven days postpartum. (Breeding females of this strain have a 

natural incidence of mammary tumors exceeding ninety per cent.) Twenty 

minutes prior to mi lkfng, mice which had been separated from their pro

geny one day before were injected, i.p., with 0.1 ml of oxytocin (Pito

cin, Parke-Davis) to enhance milk secretion. Nipple regions of each 

mammary gland we~e washed ~ith warm saline and the glands mi I ked as shown 

in Figure 2, lb. The si Iicon rubber teat cups were sufficiently pi iable 

to permit the operator to deliver a pulsating vacuum to the nipple, thus 

simulating a sucking action. No external control of the vacuum was 

necessary. Mice miJked in this way each yielded an average of about 1.2 

mi. Milk from several mice was usually collected into th~ same vial. 

The vials were tightly capped and frozen for storage at -70°C. The 

milking device was then rinsed thoroughly with saline and boiled in 

disti I led water for one hour. 

Vesicular stomatitis virus (VSV) (Indiana strain) was kindly 

furnished by Dr. A. J. Hackett (University of California, Berkeley). 

5. Preparation of MTV skim-milk. MTV whole-milk was depleted of 

fat by centrifugation at 2000 RPM for forty-five minutes in an Inter

national PRI centrifuge (about 1000g_). The milk remaining after dis

carding the fat pel I icle and a smal I pel let is hereafter referred to as 

skim-milk. AI I milk dilutions were made using sterile isotonic saline 



(Cutter Laboratories, Berkeley, California) or phosphate buffered saline 

(PBS), pH 7.0 (see Appendix ), unless otherwise stated. 

6. Infectivity-titration of whole- and skirn-mi lk sur~. MTV-

positive milk samples were serially diluted with sterile saline or PBS 

just prior to injection into test mice. Certain milk sampfos were 

rapidly frozen and then shipped at -70°C to Melpar, Inc. for subsequent 

dilution and bioassay. 

7. Treatment of MTV skim-milk with EDTA. Skim-milk from mul-

tiparous MTV-infected mice was shipped, frozen, to Mel'par, Inc., where 

it was thawed and divided into two al iquots. Oneal iquot was diluted 

with steri le·sal ine and ~he other with EDTA-steri le-sal ine (0.08 M 

EDTA, 0.9% NaCI). Before injection into test mice (BALB/c/JV1BA) serial 

dilutions were made of both of the solutions using sterile saline. 

8. Exposure of MTV skim-milk to pH 3. A sample of ~rv ski~-

milk was diluted with sterile saline and adjusted to pH 3 with a smal I 

volume of concentrated hydrochloric acid .. After maintaining the skim 

milk at pH 3 and 4°C for thirty minutes it was quickly adjusted to pH 6.8 

with a smal I volume of concentrated sodium hydroxide, then serially di-

luted with sterile saline. As a positive control tor fv1TV-infectivity an 

untreat~d skim milk aliquot was held at 4°C for thirty minuiBs and 

serially diluted as above. 

9. Exposure of MTV skim-milk to chloroform. Skim milk from the 

same pool used in the pH study (Section 5) was diluted 1:10 with steri,le 
l 

13 

saline. One volume of reagent grade chloroform was added to seven volumes 

of the saline diluted skim milk and the·mi~ture then shaken gently by hand 



for ten minutes at 4°C. Complete phase sepai-<.Ji"ion was accornpl ished l>y 

centrifugation at 1000g_ for ten minutes in a bench centrifuge. The 

aqueous phase plus a somewhat gelatinous material which appeared at the 

interphase boundary were removed together. A low pressure stream of dry 

nitrogen was passed over the surface of this material in order to remove 

any residual chloroform. Sterile saline was used as the diluent for the 

bioassays. 

14 

10. Exposure of ~~TV skim-milk to 50°C, 37°C and room temperature. 

Three one ml al iquots of MTV skim-milk (10-3 dilution, in sterile saline) 

were placed into separate two dram vials which were then purged of air 

with dry n i tr:ogen before being sea I ed. <The a i r was removed from the 

sample vial in order to ~inimize possible oxidation effects.) Two of 

the vials were placed into a 50°C water bath; one vial was removed after 

ten minutes, the other after thirty minutes. The temperature of the 

vials was then immediately reduced by placing them in an ice bath. A 

third vial was maintained at 4°C and served as a positive control. AI I 

samples were allowed to warm to room temperature before inje~tion into 

test mice .• 

One mi I li liter samples at 10-3 dilution (in sterile saline) were 

placed into two dram vials which were purged of air as described above. 

The vials were then sealed and placed into a 37°C incubator for two or 

four days, after which time the samples were tested for nod~ I igenic 

activity. 

Sealed vials containing undiluted MTV skim-milk were exposed to 

room temperature for two, three, four, twelve, twenty-four, and seventy

two hours and then rapidly frozen at -70°C. Frozen samples were shipped 

·• 
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to Mel par, Inc. for dilution with PBS and assay. 

11. Exposure of VSV to pH 3 and 50°C; effect of presence of MTV

free skim-ml lk. A 10-2 dilution of MTV-free BALB/cCrgl skim milk was 

further diluted tenfold with a suspension of VSV '<about 109 PFU in saline-

A; see Appendix). Oneal iquot of the VSV preparation was adjusted to 

pH 3 at 4°C for thirty minutes and then quickly readjusted to pH 7 

(Section 9). A second aliquot of the virus-milk suspension was incubated 

at 50°C for thirty minutes as previously described in Section 10. Iden

tical dl lutions of VSV suspended in saline-A but witho~t skim milk present 

were similarly exposed fo acid (pH 3) and elevated temperature (50°C) and 

an untreated viral aliquot as a positive control was held at 4°C for 

thirty minutes. Both test and control samples were serially diluted with 

Saline-A for plaque assay (McClain and Hackett, 1958). 

C. Results and Discussion 

1. Titration of milk-borne MTV. The results of infectivity-

dilution studies presented here have (a) confirmed the subr:~oximal in-

cidence of Infectivity at high virus concentration (Bittner-, 1945) and 

(b) extended previous virus-titration investigations (Bittner, 1945); 

Huseby et EJ_., 1950), permitting an estimate of the concentration of the 

infectious units in MTV-infected milk samples. As is seen in Figure 2.2, 

milk-borne MTV from primaparous or multiparous milk pools showed maximum 

infectivity at dilutions of 10-2 to 10-3 . 

The phenomenon of submaximal infectivity at highest viral con

. centrations is a curious one, which to my knowledge has no paral lei in 
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animal virology. Although the cause for such an irregular infectivity 

response has not yet been established, a number of possibi I ities including 

viral inhibitors have been proposed (Bittner, 1945; Moore, 1963). A 

different explanation may be that MTV tends to aggregate, perhaps with 

normal milk components, thereby reducing the effective viral concen-

tration. Such an aggregation could also lead to a more rapid sequestra-

tion of the virus by the elements of the host's reticulo-endothelial sys-

tern. Dissociation of such MTV aggregates and the concomitant higher de-

gree of infectivity upon dilution would be similar to that noted for 

plaht viruses (Bald, 1937; Lauffer and Price, 1945). 

The ~V titration results of Figure 2.2 also demonstrate that 

both primaparous and multiparous milk from BALB/cfC3H mice contain high 

concentrations of infectious units (i.e., end-point dilution was approxi-

-6 -9 mately 10 to 10 per 0.1 ml). That whole milk from primaparous mice 

apparently contained more infectious particles than skim milk from mul-

tiparous mice suggests that some MTV was discarded with the fat pel I icle 

during the preparation of the skim milk. Alternatively, such differences 

in infectivity could wei I be due to chance variations in the concentration 

of infectious MTV in the respective milk samples. No meaningful compari-

son between the infectious units of primaparous and multiparous mice can 

be made on the basis of results presented here. It has been shown else-

where, however, that the concentration of MTV-B particles in the milk 

generally increases with the number of lactations (Blair, 1969). 

The infectivity-titer for MTV reported here probably represents 

only a lower I imit of the actual virus concentration, since the number of 

physical virus particles required to initiate a detectable lesion (hyper-

.... 
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plastic nodule) could be much greater than one. The consistent finding 

of high viral in-fectivity in milk of MTV-infected mice clearly e~>tabl is11CS 

the feasibility of using small volumes of milk as the source of virus fey 

purification and characterization studies. 

2. Effect of EDTA on infectiv'ity. As seen in Figure 2.3, 

treatment of MTV skim-milk preparations with the chelating agent EDTA, 

had no detrimental effect on viral infectivity. The slight suggestion 

of enhanced viral bioactivity upon exposure to EDTA is not statistically 

significant. Both the treated and contro I samp I es sho\~ed maxi mum in

fectivity at a dilution of 10-2 and zero infectivity at 10-7, which was 

consistent w rth the resu Its found for the untreated preparations (Figure 

2.2). This suggests that if the submaximal response at low dilutions is 

due to aggregation with normal milk components then i~tact caseih micelles 

are probably not involved since they are structurally unstable at low 

divalent ion concentrations (Noble and Waugh, 1965). The use of EDTA by 

Pitkannen (1965) in studies of the stabi I ity of Rous sarcoma virus CRSV) 

(similar in may respects to MTV, Robinson and Duesberg, 1968b) showed that 

RSV infectivity was stabi I ized under a variety of conditions by this agent. 

Further studies are required to determine if MTV infectivity is I ikewise 

stabi I ized by EDTA. 

3. Influence of pH 3 and chloroform on infectivity. As shown in 

·Table 2.1, the infectivity of MTV skim-milk exposed to pH 3 (83%) was not 

significantly different from that of the control milk sample (50%). This 

result is at variance with that reported for RSV and several Myxoviruses 

(Hamparian et ~., 1963). However, Newcas-rle disease virus CNDV), a 
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Paramyxovirus similar in some respects to MTV (Bel lett, 1967), has been 

shown to be stable to pH 4 and 8~C for more than a week. On the basis of 

this comparison it cannot be concluded that MTV shares with NOV an 

intrinsic stabi I ity to exposure at low pH. That is, MTV may have been 

protected against inactivation by the presence of non-viral milk products. 

The protective influence of normal milk compohents on the acid-

labi I ity of an enveloped RNA virus can be seen in Table 2.3. A VSV sus-

pension inactivated by treatment at pH 3 for thirty minutes 0as protected 

against inactivation if suspended in MTV-free skim-milk (Table 2.3). 

(VSV was used in this stabi I ization study since a purified preparation of 

MTV was unava.i I able.) To clearly establish the acid-stabi I ity or labi 1-

ity properties of MTV it would be desirable to study the infectivity of ., 

a purified viral preparation following exposure to low pH. 

The complete inactivation of MTV in skim milk by chloroform 

(Table 2.1) is in agreement with the chloroform sensitivity of Myxoviruses 

and Paramyxoviruses (feldman and Wang, 1961). <Although diethyl ether 

has often been used as a reagent for testing viral stabi I ity to I ipid sol-

vents (Andrews and Horstman, 1949), Hamparian et ~., (1963) reported 

inactivation by chloroform was more consistent than that by diethyl ether.) 

MTV inactivation with chloroform could wei I be due to the disrup-

tion of the I ipoprotein viral envelope, which could thereby prevent the 

eel lular adsorption and/or penetration of the virus. 

4. Thermostab i I i ty of t-1TV. Tab I e 2. 2 shows that MTV was not 

inactivated by incubation at (a) 50°C for thirty minutes, (b) 37°C for 

tvJenty-four hours or (c) 25°C tor tv<enty-four hours, but it was inacti-

vated after seventy-two hours at 37°C or ninety-six hours at 25°C. This 



thermostabi lity is not typical of most enveloped RNA viruses. The VSV 

study presented here is an example. As shown in Table 2.3, VSV was inac

tivated by exposure to 50°C for thirty minutes. 

This result sugges·~s that the thermo-resistance of MTV is inde

pendent of the presence of non-viral milk components. Also in contrast 

to the app~rent thermostabi I ity of MTV, other RNA tumor viruses exhibit 

thermolabi I ity; the half-1 ife of RSV infectivity is 240 minutes at 39°C 

and 8.5 minutes at 50°C (Dougherty, 1961). Similarly, Gross (i966) re

ported that passage A leukemia virus was inactivated after thirty minutes 

at 50°C. However,· NDV does have thermostabi I ity properties similar to 

those found here for MTV. Most NDV strains tested, (28 out of 31), 

were shown to be infectious after heating to 56°C for thirty minutes or 

more (Hanson and Brandly, 1958). As with NDV, the thermostabi I ity of 

19 

MTV could wei I be an inherent viral property. Alternatively, this viral 

stabi I ization may be due to the purging of air from the MTV milk samples 

prior to heating, thereby preventing oxidative degradation of viral envel

ope components essential for infectivity. In this regard the results of 

the RSV study by Pitkannen _(1965) may be pertinent; she showed that 

mercaptoethanol, a reducer of ~isulfide groups, stabi I ized against RSV 

inactivation at 37°C. 

In recapitulation, the thermostabi lity studies of MTV presented 

above indicate that MTV is not easily inactivated at modera~e temperatures. 

The reason for such stabi I ity is not yet understood. 
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D. Summary 

Milk from MTV-infected BALB/cfC3H/Crgl mice, primaparous and 

-7 -9 multiparous, contains high titers of infectious MTV (10 to 10 end-point 

dilution). Bioassays of infected mLik samples when diluted with either 

saline or PBS showed maximum infectlvity at intermediate dilutions of 10-2 

-3 to 10 . Treatment of MTV skim-milk preparations with 0.08 M EDTA in 

saline did not significantly alter the infectivity-titration response. 

MTV skim- or whole-milk preparations were also not inactivated by 

treatment at (a) pH 3 and 4°C for thirty minutes or (b) 50°C for thirty 

minutes, 37°C for twenty-four hours or 25°C for twenty-four hours. How

ever, treatment with chloroform or exposure to 37°C for ninety-six hours 

or 25°C for seventy-two hours completely inactivated the virus. 

Results of the experiments presented in this chapter indicute 

that smal I samples of milk from BALB/cfC3H/Crgl mice contain MTV of 

sufficient quantity and stabi I ity to permit further and more detailed 

biophysical studies. In the following chapter, characterization of MTV 

milk-samples in several density gradient solutions is described. 



TABLE 2.1 STABILITY of MILK-BORNE MTV BIOACTIVITY to EXPOSURE to pH 3a · 

or TREATMENT with CHLOROFORM 

Treatment 

at 

4°C for 30 minutes 

pH 3 

Chloroform 

None 

(Contra I ) 

Total No. Mice with HANb 

Total No. Mice 

10/12 

0/11 

. 7/14 

aSee Materials and Methods for detai Is 

bHAN = hyperplastic alveolar nodule 

% fviice with HAN 

83 

0 

50 
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TABLE 2.2 STABILITY of MILK-BORNE MTV BIOACTIVITY to TREATMENT at SEVERAL TEMPERATURESa 

TEMPERATURE 
oc 

25 

37 

50 

PERIOD OF INCUBATION 

0 hours 

12 hours 

24 hours 

72 hours 

0 hours 

24 hours 

96 hours 

0 minutes 

10 minutes 

30 minutes 

aSee Materials and Methods for detai Is 

'.:.. 

NO. OF MICE 

12 

11 

15 

13 

12 

5 

5 

5 

4 

7 

% OF MICE WITH HANb 

84 

72 

80 

0 

100 

80 

0 

80 

50 

72 

bHAN = hyperplastic alveolar nodule 

.. ~ 

N 
N 
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TABLE 2.3 EFFECT of NON-VIRAL MILK COMPONENTS on the STABILITY of VSVa INFECTIVITY to EXPOSURE to 

pH 3 or 50°Cb 

TREATMENT 

pH 3 

50°C 

None 

(Contro I) 

Ml LK ADDED 

+ 

+ 

avsv = vesicular stomatitis virus 

bSee Materials and Methods for deta1 Is 

INFECTIVITY TITER 
PFUC 

2.9 X 105 

2.1 X 107 

5.3.X 104 

2.5 X 105 

1.5 X 108 

INACTIVATIONd 

+ 

+ 

+ 

cPFU = plagu~ forming units 

dlnactivation rela±ive to control sample; 
reduction of : 10L or greater is significant 

N 
l,-J 



Figure 2. 1. a) Apparatus used for obtaining milk from lactating mice. 

The vaccine vial cap with the si I leone teat cup attached is fitted 

into the 2 dram vial prior to milking. A vacuum is drawn through the 

bent needle and the milk collected into the vial. 

b) Actual mi I king of a lactating mouse using the mi I king apparatus 

described. 
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Figure 2.2. Infectivity-titration of BALB/cfC3H/Crgl MTV milk using the 

hyperplastic alveolar nodule (HAN) assay for MTV. Number of mice 

tested at a given dilution is shown alongside e~ch datum point. 

( ) Primaparous whole-milk serially diluted in PBS. ( ) Multiparous 

skim-milk serially diluted in PBS. ( ) r~ultiparous skim-milk 

26 

serial fy diluted in sterile saline. See text for methods of milk 

preparation and virus assay (Sections B, 2 and 5). Note that the 

maximum infectivity does' not occur at the highest virus concentration. 
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Figure 2.3. Effect of EDTA on infectivity of MTV-skim milk tested by 

induction of hyperplastic alveolar nodules <HANJ in test mice. Num

ber of mice tested at a given dilution is shown alongside each datum 

point. ( ) Treated with 0.08 t~ EDTA. ( ) Control (no t:DTA treatment). 

Both test and control samples were serially diluted with sterile 

saline. See text for detai Is of treatment (Section B. 7). Differences 

in the infectivity of EDTA treated samples and control samples are not 

statistically significant. 

t . 

_..: 
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CHAPTER Ill 

lsopycnic-zonal Centrifugation and Characterization of MTV 

A. Introduction . 

. \ 

Several buoyant densities have been reported for the mouse 

mammary tumor virus (MTV) based on isopycnic centrifugation in different 

gradient solutions: 1.22 gm/ml in RbCI (Lyons and Moore, 1962), 1.19 

gm/ml in potassium tartrate (Sykes et 9..1_., 1964), 1.10 to 1.14 gm/ml in .. 
Ficoll (Lyons and Moore, 1965; Hall and Feller, 1967), 1.22 gm/ml in 

sucrose-020 (Ouesberg and Blair, 1966). It has long been known that 

buoyant densities of other virus particles in various solutions are 

related to gradient composition (Schachman and Lauffer, 1949; Lauffer and 

Bendet, 1954; Schachman, 1959; Anderson, 1966), and. this may explain the 

~ariatlons in MTV isodensity among the above reported values. However, 

previous MTV buoyant density studies are difficult to interpret since 

differing preparative methods and centrifugation conditions and several 
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different sources of virus were used. (for the purpose of this thesis, no 

distinction is made between the terms buoyant density, isodensity and 

isopycnic density.) 

have made a comparison of the isodensity characteristics of 

MTV in several gradient solutions using largely a single pool of MTV-

infected BALB/cfC3H/Crgl milk as the source of the virus. Identical 



milk samples were isopycnical ly centrifuged in continuous gradients of 

sucrose, .sucrosa-o2o, potassium tartrate, CsCI and RbCI. The gradients 

were then analyzed for bandi_ng characteristics, optical density profile, 

distribution of viral antigens and particle morphology. 

B. Material and Methods 

1. Source of virus. Milk was obtained from MTV-infected BALBI 

cfC3H/Crgl and MTV-free BALB/cCrgl mice by means of a pulsating breast 

pump. The MTV-positive milk, largely from a single pool, was divided 
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· info one m I a I i quots and stored at -70°C unt i I needed. In some instances, 

as noted, infGctive samples from other milk pools were used. 

2. Solutions used. The diluent used for preparing both milk 

samples and gradient re~gents was Tris-buffered EOTA-sal ine {TES)J pH 7.4 

(0.01 M Tris HCI, 0.1 M NaCI, and 0.001 .M EOTA). The presence of EOTA in 

buffered saline has been shown to stabi I ize the activity of Reus sarcoma 

virus (Pitkannen, 1965; Robinson et £l., 1965) and not to reduce the 

infectivity titer of MTV-skim milk preparations (Chapter I I, C). AI I 

preparations were maintained at 2 to 5°C unless otherwise stated. 

Stock solutions used to form the gradients were prepared by 

dissolving the requisite amount of sucrose, potassium tartrate, CsCI or 

RbCI in TES to produce densities of 1.08 gm/ml and 1.25 gm/ml. Sucrose-

o2o of density 1.25 gm/ml was prepared by di~solving 65 gm of sucrose in 

100 ml of twenty per cent o2o; the solution of density 1.08 gm/ml was made 

by dissolving 16 gm of sucrose in 100 ml of buffered twenty per cent o2o. 

3. Centrifugation of rv1TV. Figure 3.1 schematically illustrates 

.•· 



the centrifugQtion procedure used. AI iquots of frozen milk we~e rapid/, 

thawed and diluted with 5 ml of TES. Milk was depleted of fat and 

rapidly sedimenting material by centrifugation at 10,000 RPM for ten 

minutes in a Spinco 40 r9tor. Cleared milk was drawn off and the fat 

pel/ icle and pellet discarded. The loss of MTV due to diffcrentiCJI 

centrifugation was estimated to be 15 to 20% of that ~n the initial whole 

~ilk sample. (Estimated loss of MTV was based on values given in Spine~ 

Manual, Memo 11-8 2.0 corrected for particle density and fluid volume 

centrifuged.) The cleared milk was adjusted to 0.025 M EDTA and allowed 

to stand at room temperature for fifteen minutes to enhance disruption 

of residual casein mice I les Cthe calcium-dependent stabi I ity of these 

mice! les was discussed in Chapter I I, 8, 4). 

Discontinuous step-gradients were formed in 5.4 ml nitro-

eel lulose tubes by layering 0.5 ml of a given 1.08 gm/ml solution over 

an equa I vo I ume of a 1.25 gm/m I so I uti on of the same composition. i he 

remaining volumes were then fi I led with the cleared milk and the tutes 

placed in a Spinco S\'/50L rotor and centrifuged at 50,000 RPM for 

fifteen minutes. The intense I ight-scattering band which formed at the 

1.08/1.25 gm/ml density interface was collected in apprbximately 0.25 ml 

through a hole puncture in the bottom of the tube, then di lut~d to 1 ml 

with TES. 
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Continuous density gradients, 1.08 to 1.25 gm/ml, were formed 

using a device similar to that described by Martin and Ames (1961), and 

the same stock solutions as those used to form the discontinuous 

gradients. The diluted density iniertace material was layered onto the 

preformed gradients and centrifuged in a Spinco SW50L rotor at 50,000 RPM 



for sixty minutes. 

4. Buoyant-density determination and gradient fractionation. 

Light-scattering patterns formed as a result of isopycnic centrifugation 

were photographed and the densities of the bands determined from their 

positions relative to buoyant density markers (Sandel I Scientific 

Instruments, Palo Alto, California). The isodensity markers were 

checked against solution densities determined by pycnometric and refrac-

tive index methods and found to be correct to the third decimal place. 

Gradients were fractionated by piercing the bottom of the tube with a 

Nci. 23 needle and collecting four drop fractions using an apparatus 

simi Jar to t~~t described by Schaffer and Fromhagen (1965). 

5. Immunological detection of MTV. Gradient fractions were 

assayed for the presence of MTV B-particle (MTV-Bl and normal (non-viral 

mi lkl antigens, using immunoprecipitin methods (Blair, 1965, 1966). 

Rabbit antiserum to be used to precipitate MTV (furnished by Dr. Phyl I is 

B. Blair~ University of California, Berkeley, Ca.) was obtained from an 
~ 

animal immunized with MTV partially purified by differential centrifugation 

from a homogenate of BALB/cfC3H/Crgl mammary tumor tissue. MTV-free, 

defatted, mouse milk was added to the rabbit anti-MTV antiserum before 

use to agglutinate antibodies against normal milk components. Antiserum 

used to detect normal (non-viral) milk antigens v1as obtained from rabbits 

injected with milk from MTV-free mice. 

Ochterlony immunodiffusion was performed using a gel which con-

sisted of 0.65% Noble agar, 0.85% NaCI and 1:10,000 merthiolate in dis-

t i I I ed water, pH 7. Anti sera and und i I uted a I i quots of i sod ens i ty grad-



ient fractions, 0.02 ml, were placed in their respective wells sirnulta-

neous I y. The we II s were not subsequent I y re-fi II ed. 0 i st i net· prec i pi"!" i ;1 

I ines were easily observable in the gel following incubation at 37°C for 

sixteen hours; at this time the plates were scored for the pr~sence or 

absence of MTV-B antigens and non-viral milk antigens. (Agar plates in-

cubated at room temperature produced identical results after thirty to 
I 

forty-eight hours.) 

6. U.V. spectrophotometry. Following the removal of al iquots 

for immunologic analysisi· gradient fractions (approximately 0.25 rnl) we:·e 

diluted to a volume of 1 ml with TES. Absorbance at 260m~ was measured 

at room temp6rature using a Beckman OU Spectrophotometer. 

7. Electron microscopy. Light-scattering band material from 

isopycnic sucrose density gradients of both MTV-positive and MTV-negative 

milk preparations were fixed with 0.12% glutaraldehyde in PBS at pH 6.9, 

for one to two ho~rs. The fixed material was then sedim~nted onto form-

var coated, carbon-backed 400 mesh electron microscope griJs by centri
~ 

fugation in a Sorval S rotor at 17,000 RPM for thirty minutes. Light-

scattering band fractions of MTV-positive milk samples cent;·ifuged in 

sucrose-020 gradients were prepared similarly. Grids were then nega~iv0:y 

stained with 2% phosphotungstic acid (PTA) at pH 6.7, and examined wi·rt; a 

Siemens 1A electron microscope by Dr. A. J. Hackett. 

C. Results 

1. MTV banding characteristics. lsopycnic centrifugation of MTV-

positive milk preparations resulted in the formation of one or two discrete 



I ight-scattering bands. The number and position of the bands were de-

pendent upon the composition of the density gradient (Figure 3.2). Two 

characteristic I ight-scattering zones were observed following banding in 

continuous gradients of sucrose, sucrose-020 or potassium tartrate (Fig

ures 3.2a and 3.2b). In contrast, identical MTV preparations centri-

fuged in gradients preformed with the heavy salts, CsCI or RbCI, resulted 

in the development of a single I ight-scattering band (Figure 3.2c). 

Reproducible banding patterns were obtained, and no significant changes 

in I ight-scattering characteristics were noted following centrifugation 

for longer periods of time. As seen in Figure 3.2d, no distinct light-

scattering band or bands were observed when similar preparations of MTV-

free milk were centrifuged in sucrose density gradients. 

Buoyant densities of the bands in different gradient solutions, 

as presented in T~ble 3.1, were found to be as follows: sucrose, 1.163 

and 1.170 gm/ml; ~ucrose-020, 1.188 and 1.201 gm/ml; potassium tartrate, 

1.163 and 1.172 gm/ml; CsCI, 1.179 gm/ml; RbCI, 1.180 gm/ml. 

2. Correlation between U.V. absorbance and MTV-8 antigenicity. 

Optical density profiles of MTV-positive milk samples banded in several 

gradient solutions are shown in Figure 3.3. Optical densities were not 

corrected for light-scattering (the turbidity of the diluted gradient 

fractions was negligible). In all cases, the fractions having maximum 

absorbance at 260m~ corresponded with those in which MTV-B.antigenicity 

was detected. MTV-B precipitin I ines developed similarly to those pre-

viously shown to contain MTV-B particles (Blair et ~., 1966, 1968). A 

lower degree of absorbance and a broader distribution of viral _antigens 

was associated with fractions from the heavy salt gradient (Figure 3.3d). 
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lmmunoprecipitin I ines from heavy-salt gradient fractions were also less 

intense and more diffuse thah th~ I ines associated with fractions from 

sucrose or potassium t~rtrate gradients. In these MTV-positive I ight-

scattering band gradient fractions, normal milk-component antigens were 

also often detected. 

lsopycnical ly banded MTV-free milk samples showed I ittle absor-

bahce (Figure 3.3e). As expected, no MTV-B antigenicity was detected in 

any fraction from gradients of MTV-free milk samples. 

3. Electron microscopy of negatively stained milk preparation~'-· 

MTV-positive and MTV-free milk preparations from I ight-scattering regions 

of sucrose and sucrose-020 density gradients were examined with the 

electron microscope. Electron micrographs of particles characteristic of 

the upper and lower I ight-scattering bands from-MTV-positive milk samples 

are shown in Figure 3.4. Material from the lower band (1.170 gm/ml) 

appeared relatively homogeneous with r-espect to both size and shape; 

these particles in negatively stained preparations had an average diameter 
'i 

of about 105 m]J. 

Particles fr6m the upper band of the sucrose gradient (1.163 gm/ml) 

were quite polydisperse and pleiomorphic. Almost alI particles obse-ved 

from both upper and lower bands possessed spike-! ike projections on their 

o~ter membrane surf~ces. Examination of isopycnical ly centrifuged MTV-

free milk samples revealed particles of diverse size and shape (Figure 

3.5) but never showed spike-1 ike projections. 
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D. Discussion 

Results of the studies presented here establish that the buoyant 

density of MTV is simi far to that of other RNA tumor viruses centrifuged 

under somewhat simi far conditions. (For reasons noted above in Section I, 

no comparative study with the MTV values previously reported is attempted 

here.) Tabl~ 3.1 provides a comparison of the lsopycnlc values of MTV 

from this Investigation with values reported in the literature for other 

RNA tumor viruses in several gradient solutions. One ?ees quantitatively 

that the buoyant densities of these viruses are all simi far In a given 

gradient solution but that they do depend upon the gradi~nt composition. 

Variations in the sedimentation properties of viruses In different 
I 

gradient solutions can result from a number of factors including (a) the 

extent of the virus hydration mantel (Schachman and Lauffer, 1949), (b) 

the existence of an internal water compartment (Sharp et ~., 1946), and 

(c) the extent of electrostatic interactions between the virus and ions 

in solution (Lauffer et ~., 1952). The higher buoyant density of MTV In 

sucrose-020 gradients could be accounted for by the exchange of H2o for 

D20 in the hydration mantle and/or In the internal water compartment. 

With_ respect to electrostatic effects, given the negativ~ charge of the 

virus at this pH <Moore and Lyons, 1963), the buoyant density of MTV in 

heavy salt solutions would very likely be increased due to some selective 

adsorption of positively charged heavy metal ions. This is consistent 

with the results in Table 3. 1. 

A compilation of MTV I ight-scattering band positions from. a 

number of experiments usi_ng different milk pools (Figure 3.6) shows 



c I ear I y that wher-e two band~; wem obtai ned they were comp I cte I y ~~cp<H-iJh_-..:. 

The pleiomorphic particles of the upper MTV light-scattering ba .. J. 

bear considerable morphological similarity to incomplete .forms of influ-

enza virus. It has been shown (Ba~ry and Waterson, 1962) that lncompleto 

influenza virus particles are more heterogeneous in size and shape than 

the comptete virus and that both complete and incomplete particles possb53 

identical spike-1 ike surface projections. This description of influenza 

particles also applies to the particles I have isolated from MTV-infect . .;d 

milk samples (figures 4a and 4b). The diameter of what appears to be cam

p I ete MTV is 105 m)J which corre I ~tes vie II with that reported for MTV par-

ticles isolat~d from tumor tissues by Calafat and Hageman (1968). 

The buoyant density of the polydisperse, pleiomorphic particles 

separated from MTV-positive preparations was consistently seen to be 

lower than that for the more uniform MTV particles. Lyons ar.d Moore ( i965) 

reported that a particle band with a density less than that of their MTV 

band had a slightly ~igher percentage of lipid and a lower per~dntdg~ of 
! 

RNA than did their MTV band. They suggested that the padicles consti-

tuting the band were membr.ane fragments and incomplete virus particles. 

Unfortunately the detail shown in their electron micrographs is insL:t·ti:-

cient to make a meaningful comparison with those shown in Fi~ure 3.~b. 

Uhler and Gard (1954) showed that incomplete influenza virus particles 

contain more I i pi d than the comp I ete vi ruses. If the same is true for 

the pleiomorphic particles, here suggested to be incomplete MTV, its 

banding at a lower density position would be expected. Further studies 

are in progress to characterize rnore fully the "incomplete" particles in 

MTV-infected mouse milk. 



Results of the studies presented in this chapter demonstrate that 

the purification of milk-borne MTV using isopycnic centrifugation methods 

alone is I imited since the total elimination of precipitable, non-viral 

antigens.was impossible. This pur1fication procedure is apparently in

sufficient to yield a viral product of the purity required for detailed 

immunologica~ and biophysical characterization of the virus. In the 

following chapter, I wi I I describe a separation method which results in 

a highly purified MTV preparation. 
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TABLE 3.1 BUOYANT DENSITY of MOUSE MAMMARY TUMOR VIRUS CMTVl, ROUS 

a 

SARCOMA VIRUS (RSV) and RAUSCHER LEUKEMIA VIRUS WLVl in 

SEVERAL GRADIENT SOLUTIONS 

Gradient forming 

mater-ia I 

Sucrose 

Sucrose-D2o 

Potassium tartrate 

Cesium chloride 

r< 

Rubidium chloride 

O'Connor et ~~., (1964) 

Buoyant Density <am/ml) 

MTV RSV or RLV 
Lower Upper 
band band 

1 • 170 ( 1. 163) 1. 15 f~LVa 

1. 16 RSVb 

1. 17 RLVc 

1. 201 ( 1 • 188) 

1. 172 ( 1. 163) 1. 16 RLVa 

1. 179 1. 16 RLV'-' 

1.19 I:ZLVa,E 

1. 180 1. 18 r-\SVd 'e 

1.188 RLVa,e 

1 . 18 RSVb 

d Crawford ( 1960) 

bRobinson et ~., (1965) 

cDuesberg and Robinson (1966) 

8 Field-formed density gradient 

4 1 



Figure 3.1. Flow diagram of the isopycnic c~ntrifugation procedures used 

to study the properties of MTV banded in different density 

gradient solutions. 

42 



Whole mouse milk 
+ 

5 ml Tris-EDTA saline 

Centrifuge, 9038 g, 4°C, 12 mm 
--------~-----------... ·. 
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I Cleared milk_ I 
Pellet and 
fat pellicle 
discarded 

DENSITY INTERFACE 
Discontinuous gradient, 1. 08/1.25 g/ml 
Centrifuge, 273,910 g, 4°C, 15 min 

Interface band 
+ 

Tris-EDTA saline 

/SOPYCNIC CENTRIFUGATION 
Continuous gradient, 1. 08-1.25 g/m! 
Centrifuge, 273,910 g, 4°C, 60 min 

Photograph l_ight-scattering 
pattern and 

·fractionate gradient 

Fig. 3. 1 
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Figure 3.2. Appearance of light-scattering patterns following isopycnic 

banding Of milk samples. MTV-positive milk banded in (a) sucrose, 

(b) potassium tartrate, and (c) CsCI gradients an·d (d) HTV-nega

tive milk sample banded in a sucrose gradient. Note the absence 

of any discrete band in the gradient of MTV-free material. Den

sity values of the spherical markers used were 1.160 and 1.180 

gm/ml respectively. 
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Figure 3.3. Optical density of gradient fractions following isopycnic 

centrifugation of milk samples. Shown are U.V. absorption pro~ 

files of identical MTV-positive milk samples centrifuged through 

preformed gradients of (a) sucrose, (b) sucrose-0
2

0, (c) potassium 

tartrate, and (d) CsCI. Also shown is the absorption profile of 

-
a. MTV-negative milk sample (e); after centrifugation through a 

sucrose gradient; Vertical arrows locate the positions of the 

buoyant density markers and horizontal arrows indicate fractions 

in which MTV-B particle antigenicity was detected . 
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Figure 3.4. Electron micrographs of phosphotungstic acid-stained par

ticles from a sucrose density, gradient MTV-po~itive milk prepa

ration. Magnification is BO,OOOX. (a) lower I ight scattering 

band with an isodensity of 1.170 gm/ml. Cp) upper I ight scat

tering band with an isodenslty of 1.163 gm/ml. Note the pre

sence of spike-like projections on particles in both (a) and (b). 

48 
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Figure 3.5 .. Electron micrographs of negatively stained particles from the 

1.16- 1.18 gm/ml region of an MTV-free milk preparation isopyc

nical ly banded in a sucrose density gradient. Note that no spike-

1 ike projections appear on the surface of particles from virus

free milk samples. Magnification is 60,000X. 
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Figure 3.6. lsodensity positions of MTV I ight scatt~ring bands in seve

ral density gradient solutions. Although a number of different 

MTV milk-pools were used, note that the I ight scattering band 

positions do cluster and none of the lower isodensity bands in 

sucrose or potassium tartrate solutions overlap with the bands 

formed in RbCI or CsCI gradients. 
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CHAPTER IV 

Rate- and lsopycnic-zonal Purification of MTV: 

Further Characterization of Virus 

A. Introduction 

Many investigators have attempted to isolate and characterize 

MTV using ultracentrifugation techniques (se'e reviews; Dmochowski, 1953; 

Hall and Feller, 1967; Blair, 1968). Visscher et .91_., (1942, using lac

tating mammary-gland extracts) and Bryan et £1_., (1942, using mammary 

tumor extracts) independently reported the partial characterization of 

the then unidentified agent (MTV) following differential centrifugation. 

Lyons and Moore (1962) described the partial purification of MTV from 

tumor homogenates using differential and isopycnic density-gradient 

centrifugation. Recently, Calafat a~d Hageman (1968) reported that MTV 

from mammary tumor homogenates could be purified by a multistep process 

involving, first, centrifugation on a discontinuous gradient followed by 

two successive rate-zonal density gradient centrifugations. 

Working with T2 and T
3 

bacteriophage, Anderson et .91_., (1966) have 

shown that a high degree of viral purification can be obtained using a 

combination of rate-zonal centrifugation (Braake, 1951) and isopycnic-zonal 

centrifugation (Anderson, 1956). They also suggested that this procedure, 

which permits the separation of particles ·first according to size and then 



according to buoyant density, may be applicable to the isolation of MTV. 

The I imited success of previous attempts to isolate MTV from virus-in-

fected milk samples using isopycnic methods alone (Chapter I I I) was 

apparently due in part, to the similar buoyant density of the virus and 

of contaminants, such as microsomal particles. In the present investi-

gation, mi lk~borne MTV was purified by sequential centrifugation on 

continuous preformed rate- and isopycnic-zonal sucrose density gradients. 

Viral samples were analyzed at several stages of the puriflcation to 

determine particle morphology, viral and non-viral antigenicity, U.V. 

absorbance and concentration of radioactively labeled viral nucleic acid. 

An aliquot of·purified MTV was also used to determine the sedimentation 

coefficient of the virus. 

B. Materials and Methods 

1. Source of viruses. Milk obtained from MTV-infected lactating 

BALB/cfC3H/Crgl multiparous mice was used as the exclusive source of the 

virus (Chapter I I, C). As a means of radioactively labeling the viral 

nucleic acid, some mice were injected i .p. with 1 mi I licurie (mC) of 

3H-uridine twenty-four hours prior to mi !king (Duesberg and Blair, 1966). 

The collection and storage of the milk was as previously described 

(Chapter II, B. 4). 

32 Poliovirus (LSC strain, Type 1) labeled with P(orthophosphate) 

was kindly furnished by Dr. Frederick L. Schaffer (Naval Biological Lab-

oratory, University of California, Berkeley, California). 
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2. MTV purification procedure. The methods used to purify milk-

borne MTV are schematically illustrated in Figure 4.1. (All procedures 

were carried out at 2-5°C unless otherwise stated.) Froien whole milk 

samples were thawed and divided into 1 ml al iquots. Each aliquot was 

diluted with 10 ml of TES and cehtrifuged in a Spinco 40 rotor for 

twelve minutes at 10,000 RPM. Differential centrifugation under these 

conditions resulted in an estimated 5% loss in MTV (Spinco Technical 

Manual, Memo 11-B .2.0). Following this centrifugation, the 9 ml of 

cleared milk was drawn off and was treated with EDTA, then centrifuged 

onto a 15%/65% w/v sucrose density interface (1.08/1.25 gm/ml) and the 

interface mat~rial collected as previously described (Chapter I I I, B. 3). 

The density-interface solution obtained was diluted with a volume of TES 

sufficient to permit it to float on 15% w/v sucrose. 

This diluted interface solution was then centrifuged on a continu

ous rate-zonal sucrose density gradient (15% ~ 32.5% w/v sucrose at 50,000 

RPM for 12.5 minutes in a Spinco Sw 50.1 rotor). Following centrifugation, 
~· 

a zone of I ight scattering material was observed to have migrated-about 

two thirds of the length of the tube. The gradient was fractionated 

dropwise through a hole punctured in the bottom of the tube with a No. 23 

needle; the fractions (usually 4 drop) were di l~ted to 1 ml of TES (Chap-

ter I I I, B. 4). In certain cases, those fractions containing material 

from the light scattering band were pooled and diluted, as above, with 

TES. The diluted-pooled material was tten layered onto a continuous 

15%-65% w/v (1.08- 1.25 gm/ml) sucrose density gr<Jdient and isopycnically 

banded during centrifugation at 50,000 RPM for 55 minutes in a Spinco 50.1 



rotor. (Centrifugation under these same conditions was shown in Chapter 

I I I to result in the banding of MTV.) 
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3. Analysis of purified MTV fractions: electron microscopy, U.V. 

absorbance, immunodiffusion and radioactivity detection. Negative stain 

and thin section electron microscopy were used to study the morphology of 

particles before and after p~rification. AI I tractions from isopycnic 

gradients were di luted.ten-fold with Tris-EDTA (0.01 M Tris-HCI, 0;001 M 

EDTA) to prevent undesirable osmotic effects. (This procedure reduced 

the osmolarity from about 1.3 osmol to ~bout 0.130 osmol.) Samples to be 

negatively stained with PTA were fixed with 0.12% glutaraldehyde in PBS 

at pH 6.9, for thirty minutes. A microdrop of "fixed" material was 

placed onto a formvar-coated, carbon-backed 400 mesh ~lectron microscope 

grid and then negatively stained with PTA. Preparations were examined 

by Dr. A. J. Hackett, using a Siemens 1A electron microscope. 

Samples to be thin sectioned, following di Jution as above, were 

fixe~ in a 1% glutaraldehyde-paratormaldehyde solution (Appendix) for 

thirty minutes, and placed into Beem capsules which were in turn placed 

into 1/2 by 2-1/2 inch nitrocellulose centrifuge tubes .. After fi II ing 

the tubes with cocadylate buffer (Appendix) they were centrifuged at 

40,000 RPM for fifteen minutes in a Spinco SW 50.1 rotor. (The excel lent 

suggestion to pel let material directly in the Seem capsule was made' by 

HarrietT. Gagn~.) Following centrifugation, the capsules were carefully 

emptied of fluid. The pel lets were then sequentially treated with 1% 

osmium tetroxide (0s0
4

) for thirty minutes and 0.5% uranyl acetate, for 

fifteen minutes as described by deTkaczevski et ~., (1968), toi lowed by 



serial dehydration with ethanol and embedding i~ Epon. Thin sections 

(~50 m~) made using a Porter-Blum microtome were post-stained with lead 

citrate and uranyl acetate, and examined with an RCA EMU electron 

microscope. (The pel lets were handled and examined by Ha~riet· T. Gagn6.' 

The analysis of gradient fractions for both viral and non-viral 

antigenicity and for U.V. absorbance at 260 m~ was si~i lar to that pre

viously described (Chapter I I I, B. 5 and 6). In this case, however, 

fractions used for U.V. absorbance alone were diluted with an equal vol

ume of TES (0.25 ml) before monitoring with a Beckman DB Spectrophoto

meter. 

MTV-B particle immunoprecipitin I ines were prepared for thin

section electron microscopy by carefully cutting out with a razor blade 

the desired agar block from the immunodiffusion plate and washing it 

thoroughly with saline. The agar sections were then treaied as described 

above except that they were not post-fixed with uranyl acetate prior to 

dehydration. Final preparation of this material and its examination with 

the RCA EMU electron microscope was performed by Miss Vicki E1rauer. 

Counting of radioactively labeled materia! in both rate- and 

isopycnic-gradient experiments was carried out on three-to-five drop 

fractions collected directly into 15 ml of BBOT scinti I lation fluid. 

(The composition of this fluid is given in the Appendix.) This counting 

method does not distinguish between total counts and acid precipitable 

counts. Therefore, some gradients were fractionated by collecting drop

fractions onto pieces of chromatographic paper which were then immersed 

in cold 5% perchloric acid (PCA). Protein material (including nucleo

proteins) precipitated by the PCA remained in the chromatographic paper 



following removal of the PCA solution and dehydration with ethanol. The 

paper was then dried and placed into a vial containing 15 ml of scin-

ti I lation fluid. The radioactivity in each gradient fraction was counted 

for twenty minutes using a Nuclear Chicago Mark I I iquid scintillation 

counter. 

4. Analytical sedimentation of purified MTV on a 5-20% I inear 

sucrose density gradient. MTV from tritiated uridine-labeled milk 

samples, purified as described above, was collected from the isopycnic 

gradient in a volume of 0.7 mi. Normal rabbit serum, Q.1 ml, was added 

to this fraction which was then diluted with an equal volume (0.8 ml) of 

cold saturate? CNH4>2so4 to floculate the virus (Robinson et £L., 1965). 

This solution was centrifuged at 5,000 RPM .for ten minutes in a Spinco 

SW39 rotor to pel let the floculated material. After discarding the 

supernatant the pel let was resuspended in 0.2 ml of TRIS-EDTA (section 

B. 2) to which was added 20A of 32P-Iabeled poliovirus. The viral mix

ture was then layered onto a continuous 5-20% w/v sucrose gradient and 

cent~ifuged at 25,000 RPM for thirty minutes in a Spinco SW 50L rotor. 

Each four-drop fraction, collected by bottom puncture, was delivered into 

15 ml of BBOT scinti I lation fluid (Appendix). Radioactivity of the 

32
P-Iabeled poliovirus was counted using a Packard Tri-Carb I iquid scin

tillation counter, and that of the 3H-~HV counted as described above. 

C. Results and Discussion 
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1. Preparative rate-zonal centrifugation. Analysis of rate-zonal 

density gradient fractions demonstrated that the position of the gradient 



tube I ight scattering band, sho~n in Figur~ 4.2, coincided with that con

taining the fractions having (a) highest U.V. absorbance and precipit~ble 

MTV-8 antigenicity (Figu~e 4.3i; and (b) highest 3H-MTV radioactivity 

(Figure 4.4). Non-viral antigens were detected in a number of fractions 

including those showing the presence of viral antigens. The similarity 

of the U.V. absorbance, MTV-8 antigenicity and radioactivity profiles 

of the gradients indicates that MTV sedimented as a zone and at a faster-

rate than mUch of the non-viral contamination. 
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Further analysis of the rate zonal gradients pointed up the 

presence of a second component which migrated more slowly than the MTV 

light-scattering-band (Figures 4.3 and 4.4). Figure 4.4b i I lustrates that 

this second radioactively-labeled component can be resolved. In other 

experiments, using non-labeled preparations, it was found that fractions 

taken from this "second component" region isopycnical ly banded at a 

density similar to that observed for "incomplete MTV" (Chapter ill, D). 

Further studies are requir~d to characterize the.particles comprising this 

region and to establish the viral or eel lular nature of the RNA. 

The results of the preparative rate-zonal centrifugation of MTV 

presented above can be more fully understood in terms of the basic physi

cal principles which describe particle migration in centrifugal fields. 

(For a thorough discussion of the theoretical aspects of ultracentrifu

gati6n see: Schachman, 1959; Berman 1966; Schumaker, 1967 .) A spherical 

particle sedimenting through a fluid in a centrifugal field is acted upon 

by three main forces approximated by (a) the centrifugal force, 



dx Stokes force, Ff(=6nn~dt), where 

Pl = density of the fluid, gm/ml 

P2 = density of the hydrated particle, gm/ml 

w = angular velocity of the rotor, radians/sec 

n 

X 

v 

r 

dx 
dt 

= viscosity of the fluid, poise 

= distance, axis of rotor and particle, em 

3 = volume of particle, em 

= radius of particle, em 

= velocity of particle, em/sec 

Sedimenting particles almost instantaneously attain a steady 

state velocity, that is a condition where the net force acting on the 

particle is zero. Writing this condition of mechanical equi I ibrium for 

the above forces, rearranging terms and simp! ifying, the sedimentation 

equation may be wrltten as 

(1) 

This equation shows that the sedimentation rate is dependent upon {a) 

the square of the particle radius and (b) the difference between the 

particle and fluid densities. For the following hypothetical case, the 

velocity of a sedimenting particle is determined primarily ~ its radius. 
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Microsomes, thought to be a major contaminant of MTV preparations, 

are polydisperse and have isodensities similar to that of MTV (Wallach 

and Kamat, 1964; Anderson et ~., 1966; Chapter I I I, C). Therefore it is 

of advantage to include in the purification procedure for MTV a method 
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which separates particles on the basis of size. A simple calculation 

shows that in water, MTV (p 2 =1.t7gm/ml; r=0.5x10- 5cm) wi I I sediment nearly 

-5 twice as rapidly as a microsomal contaminant (p 2 =1.15gm/ml; r=0.4x10 ch). 

0 

In this hypothetical example, a difference in radii of only 100 A can lead 

to a significant separation. However, not all sedimentation rate experi-

ments can b~ described in terms of particle size; for example~ the rate 

separation of polyribosomes ·from protein aggregates may be strongly den-

sity dependent. · 

2. l~opycnic-zonal centrifugation of rate-zonal density-gradient 

fractions. lsopycnic-zonal centrifugation Is also easily visual I zed in 

terms of Equ~tion (1). Since the term (p 2 -p 1 ) approaches zero as the par-

ticle nears its isodensity position in the gradient, the particle velocity 

as defined by Equation (1) also approaches zero. The condition for iso-

pycnic banding is then simply (p 2 -p 1 )=0. (For an analy~is of the approach 

to density equi I ibrium in preformed gradients see Baldwin and Shooter, 

1963. ) 

The results of experiments desctibed in this chapter showed that 

when I ight-sc~ttering band fractions from r~te-zonal gradients were 

centrifuged isopycnical ly, single intense bands were o~servcd, as seen 

in Figure 4.5. The discrete character of the patterns seen in these 

investigations (Figure 4.5) is in contrast to that observed following 

lsopycnic centrifugation alone (Chapter I I I, C) and suggest~ this pre-

parat ion is of Increased purity. I sodens i ty of the II ght-scatter i ng 

band, based on a number of different experiments, (about 1.17 gm/ml) was 

very close to that previously found for MTV banded by isopycnic centri-

. fugatlon alone (Chapter Ill, C). 



lsodensity gradient fractions were monitored for U.V. absorbance, 

viral and non-viral antigenicity or 3H-radioactivity with the results 

given in Figures 4.6 and 4.7. The fractions showing maximum absorbance, 

highest MTV-B antigenicity and greatest radioactivity coincided with 

those containing maximum I ight scattering. Ochterlony immunodiffusion 

assays (Figure 4.8a) showad that detectable viral antigens produced 

characteristic MTV-8 immunoprecipitin lines. This antigenicity was only 

found in light-scattering band fractions. Non-viral antigens were not 

detected in any of the isopycnic gradient fractions. This indicates a 

greater purification than that previously obtained (Section C. 1; Chapter 

I I I, C and 0). MTV 8-particle immunoprecipitin I ines (Figure 4.8a) 

examined with the electron microscope demonstrated the presence of clus-

ters of intact virus particles (Figure 4.8b) similar to those previously 

found by Blair et £l., (1966, 1968). 

An estimate of the MTV concentration in the isopycnic gradient 

fractions can be made based on the U.V. absorbance data shown in Figure 

4 6 ~ d th k U V b b f · t . . 1 0 12 · f I . an e nown .. a sor ance o a suspension con a1n1ng 1n u-

enza virus particles per mi I IiI iter (Anderson, 1967). This estimate 

indicated that the MTV concentration in Fraction 9 (figure 4.6) was 

12 about 1.5x10 particles/ml. This calculation furnishes only a rough 

estimate of the actual virus concentration since the 260m~ absorbance 

of influenza virus relative to that of MTV is unknown. Therefore, an 

independent determination of the number of physical particles per mi I I i-

I iter would be valuable. This information together with infectivity-
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titration bioassays could establish the number of physical virus p~rticles 

equivalent to one infectious unit. 



3. Purity of the rate- and isopycnic~zonal density gradient 

preparations of MTV. Defining the pu\ity of a virus preparation is 

difficult, since a preparation which is biologically homogeneous may be 

physically heterogeneous. Conversely, a sample which migratei as a 
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single peak in the analy~ical ultracentrifuge and/or Tiseleus electro

phoresis eel I may in fact represent only a part of the total spectrum of 

infectious particles. (It is recognized that rate- and isopycnic-zonal 

centrifugatlon of MTV ''select'' for certain physical viral characteristics, 

nam~ly size and density, and this may exclude certain classes of infec

tious ~articl~s.) Nevertheless~ it is possible to compare, at least 

qualitatively, the radioactivity and optical density profiles, as wei I 

as the distribution of antigens, in the gradients and to estimate the 

relative degree of purity of one preparation with respect to another. 

I have compared the purity of MTV preparations i~olated by 

combined rate- ~nd isopycnic-zonal centrifugation and by isopycnic-zonal 

cent~ifugation alone, on the basis of several criteria: (a) discrete 

character of the gradient-tube light-scattering band; (b) sharpness of 

U.V. absorbance profile; (c) distribution of viral anti~enicity. A 

comparison of ·the present preparation methods made with those described 

in Chapter I I I, by Ouesberg and Blair (1966) and by Hal I and Feller 

(1967) indicated the following: (a) a much more discrete light-scattering 

band in Figure 4.5 than in Figure 3.2 or in the photographs 'of Hal I and 

Feller (1967); (b) a narrower peak in the U.V. absorbance profile in 

Figure 4.6 than in Figure 3.3 or in the figures shown by Ouesberg and 

Blair (1966); (c) a more compact d·istribution of MTV-8 antigens in Figure 
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4.6 than in Figur·e 3.3. In addition, the MTV-radioactivity profiles of 

isopycnical ly centrifuged virus preparations, given by Ouesberg and 

Blair (1966) are generally less wei I defined than those shown in Figure 

4.7. By alI these criteria, a higher degree of purity was obtaJned 

using the combined rate- and isopycnic-zonal centrifugation method 

presented above than was previously achieved. 

Another criterion of purity, often used in virology, is the ab-

sence of immunologically detectable impurities (Braake, 1967b). Other 

workers in describing MTV purification techniques have not reported on 

the "antigenic purity" of their vi:al preparations therefore no com-

parison with .the antigenic studies presented here can be made. However, 

a sample of milk-borne MTV purified using the Fico! I isopycnic method of 

Lyons and Moore (1965) was kindly made avai !able by Dr. Phyllis B. Blair 

(University of California, Berkeley, California). This sample when 

tested in immunodiffusion for the presence of MTV-8 and non-viral antigens 

showed the presence of high concentrations of both virus and contaminants 
~ 

as seen in Figure 4.9. This suggested that while the MTV had been con-

centrated by isopycnic banding in Fico! I, it had not been highly purified. 

Also seen in Figure 4.9 is the single immunoprecipitin MTV-8 line from a 

combined rate- and isopycnic-zonal centrifugation of MTV-infected milk. 

(Non-viral antigens were never detected in the MTV fractions purified as 

described herein.) The absence of non-viral antigens in thjs preparation 

further demonstrates the high degree of viral purity that can be realized 

using the combined centrifugation procedure. 

4. Morphology of purified MTV. The electron micrograph of rate-

and isopycnic-zonal density gradient purified MTV, shown in Figure 4.10, 

.. 



i I lustrates the degree of morphological purfty attained. The virus 

particles are w~l I defined and show spike-1 ike fringe. A number of 

particles appear to have a second or an 11 internal membrane". Note thc:d 

the viru~ particles show a high degree of isotropy. (Uniformity of 

virus siie and shape is an important factor in sedimentation rate experi

ments as discussed later.) 
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Negatively stained preparations of the purified MTV, Figure 4.11, 

contain particles with spike-1 ike projections and electron opaque interior 

regions_. These opaque ~reas are thought to be the vir.al nucleoids or 

cores, and seem to be lacking any unique structure. In general, fv1TV par

ticles purified by rate- and isopycnic-zonal centrifugation appear to be 

more permeable to PTA than those isolated by isopycnic centrifugation alone. 

This can be seen by comparing Figure 4.11 with Figure 3.4. This obser

vation suggests that increased 11 handl ing" of the virus may result in a 

slight alteration of the viral envelope. 

Some morphological features of MTV substructure can be seen in 

Figure 4.11b. Various stages of viral disruption are seen in these 

negatively stained preparations. In Figure 4.11b-1 an MTV particle is 

seen to have been penetrated by the PTA and to reveal a diffuse core c~ 

what is most likely nucleoprotein;.some subunit structure of tt.e .·:ra! 

envelope is also visible. This subunit structure is more clearly.evident 

in Figure 4.11b-3 in which a more highly degraded particle shmv<:i periodic 

electron opaque membrane regions which appe~r to correspond exactly with 

the position and number of the spikes. This type of viral envelope 

architecture has recently been described tor influenza viruses by Laver 

and Valentine (1969). 
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The diffuse nature of the viral nucleoid is also seen in Figures 

4.11b-2 and 4.11b-4. In these micrographs the core appears to lack the 

high degree of morphological order characteristic of the viral envelope. 

The viral particle shown in Figure 4.11b-2 and 4.11b-4 suggests that the 

core materia I is not bound by an "i nterna I membrane". The preser1ce of the 

"internal membrane" in thin section electron micrographs and its absence 

in disrupted negatively stained partlcles is puzzling and suggests that 

this viral component is extremely labile. Further studies are required 

to reveal its structure and function. 

Electron micrographs of an unpurified MTV milk-preparation, de-

pleted of mosf fat and casein, are shown in Figures 4.12 and 4.13. Both 

the thin-sectioned and negatively stained microdrop preparations, in 

addition to typical MTV particles, show large numbers of other particle 

aggregates. These complexes of "globular" subunits were readily dis-

rupted with EDTA and are thus probalby casein mice! les. A cursory review 

of the dairy science I iterature indicates the the configuration of 

casein micelles has not been clearly established. McKenzie (1967) re-

ported that electron microscopic studies of such mice! les are difficult, 

but based on the then avai !able data the complexes were considered to be 

spherical in shape. In view of the apparent lack of information on the 

morphology of casein micelles, the electron micrographs of the particles 

described above may be of considerably interest to those working in the 

field of milk-protein structure. 

5. Estimation of the sedimentation coefficient tor MTV. The 

sedimentation coefficient can be easily derived from the sedimentation 



rate equation (Section 1) by normalizing the velocity with respect to 

the radial acceleration. This operation permits one to write the 

Svedberg equation as 

= · 2 r 2 ( p 2 -p 1 ) 

9 n 
(2) 

where S is the sedimentation coefficient (sec- 1). For convenience the 

coefficient is usually given in terms of Svedbergs (s), i.e., in units 

-13 of 10 · sec. In order to compare the sedimentation rates of various 

particles centrifuged under different conditions, the sedimentation co-

efficient is standardized with respect to water at 20°C. For example, 

Type 1 poliovirus used in this study has an S of 160s (Schaffer and 20,w 

Schwerdt, 1959). 

The sedimentation coefficient of MTV can be estimated by compari-

(", (i 
u.' 

son of its migration with that of a virus whose coefficient is known (such 

as poI i o virus). (See Braake, 1967a for a cone i se discussion of this 

methqd.) This estimate is based on the finding by Martin and Ames (1961) 

that the ratio of the sedimentation coefficients of two particles of 

simi far partial specific volume is constant during sedimentation in a 

5-20% I inear sucrose density gradient. 

For this method to be applicable it is important that the partial 

specific volumes of the marker and unknown vir~s be similar. The partial 

specific volume of poliovirus has been calculated to be about 0.68 ml/gm 

(Schaffer and Schwerdt, 1959). This parameter is not known for MTV, 

however, the partial specific volume of influenza virus (similar to MTV in 

its composition, size and shape, Schaffer and Schwerdt, 1959; WI Idly and 
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Horne, 1963; Lyons and Moore, 1965) has been reported to be 0.75 ml/gm 

(Sharp et .QJ_., 1950). Assun1 i ng the va I ue for MTV to be the same as that 

for influenza, the ratio of t~e partial specific volumes, 0.68/0.75, 

is sufficiently close to unity to permit an estimate of the sedimentation 

coefficient of MTV based on the s20 ,w of poliovirus (Schaffer and Schwerdt, 

1959). 

Figure 4.14 i I lustrates the sedimentation of 3H-MTV in a 5-20% 

sucrose gradient relative to that of 32P-pol iovirus; MTV migrated as a 

fairly narrow zone indicating a relatively pure preparation. (This 

observaticin is consistent with the elect~on micrograph of purified MTV 

sh6wn in Figure 4.10 showing the viral preparation to be quite isotropic.) 

In addition, the sharp peak of 32P-poliovirus demonstrates that density 

instabi I i~ies did not arise during the early stages of sedimentation. 

Based on the relative sedimentation of the viruses as shown in 

Figure 4. 14, the s20,w of MTV was estimated to be 800-900s. This s20,w 

value for MTV is significantly higher than that reported for other once-

geni~ RNA viruses (RSV, 640s, Robinson et ~., 1965; RLV, 640s, Mora et 

£l., 1966). However, these latter authors noted that their sucrose den-

slty-gradl~nt purified RLV sample was highly anisotropi~ when observed in 

the electron microscope. On the basis of this observation they have 

stated that the 640s reported for the Rauscher virus may represent a 

minimum value of the s2o,w· Electron mlcr6scopic studl~s were not in

cluded In the sedimentation rate experirrents of the other RNA tumor virus-

es, hence it is not possible to determine if anisotropic factors were 

operable. 

•. 



It is ·~heoretical ly possible to compare the size of the virus 

particle as determined by electron microscopy with that calculated on 

the basis of biophysical information (sedimentation coefficient, par

ticle and solution densities arid solution viscosity). However, as 

shown by Sharp et ~., (1945) this calculation is not meaningful wi-t-hour 

knowledge of the hydration and osmotic properties of the virus. Since 

these properties are not known for MTV, no such comparison is presented. 

It is important to stress that the estimate of the MTV sedimentation 

coefficient was based on a single successful experiment. A number of 

other experiments to determine the sedimentation coefficient failed for 

differing technical reasons and further work is desired in order toes

tablish an accurate value of the s20,w' 

6. Bioactivity of purified MTV. The biophysical studies pre

sented above show that combined rate- and isopycnic-zonal centrifugation 

of MTV results in viral purification significantly better than hereto

fore realized. This study cannot be considered complete unti I the 

bioactivity of the purified preparations has been established. Cia

assays to determine the infectivity of the purified virus are planned for 

the near future. 

D. Summary 

Milk-borne MTV was purified by combined .rate- and isopycnic-zonal 

centrifugation on sucrose density gradients. An intense I ight-scatteriny 

band, detected following isopycnlc centrifugation was shown by electron 

microscopy to contain, highly purified, morphologically identifiable MTV. 
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3 Measurements of U.V. absorption at 260 mp, H-labeled virus radioactivity 

and precipitation in agar gel immunoJiff~sion consistently demonstrated 

that MTV was localized in the I ight-scattering band. The biophysical 

properties of the purified preparations and the absence of detectable 

non-viral an~igens in these samples established the high degree of viral 

purity attained. Electron micrographs i I lustrated the homogeneity and 

isotropy of the viral preparations and indicated a "globular" subunit 

structure bf the viral envelope. These studies also indicated that the 

nucleoid was not highly structured. The sedimentation coefficient of MTV 

was estimated to be 800-900s. 
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Figure 4. 1. Flow diagram of the rate- and isopycnic-zonal 
purification of MTV in sucrose density gradients. 
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Figure 4. 2. Light scattering band pattern of MTV - milk preparation 
following fifteen minutes centrifugation at 50, 000 RPM on a 15-
32. So/o w/v sucrose density gradient; note the distinct light
scattering band. 
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Figure 4. 3. U. V. absorbance profile of MTV rate-zonal 
density gradient fractionation.. Asterisks indicate those 
fractions containing the material in the light scattering 
band (Figure 4. 2). Arrows indicate the fractions showing 
detectable MTV -B antigenicity. · 
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Figure 4. 4. Rate-zonal fractionation of two 
3
H-labeled MTV 

milk preparations. Light-scattering band was collected 
in those fractions noted with an asterisk. (a) Fractionation 
shows that the rapidly sedimenting labeled material appeared 
in those fractions containing light-scattering band material; 
(b) Fractic:1ation shows the coincidence of light-scattering 
and radioactive peak (see text for a discussion of this observa
tion). 
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Figure 4. 5. Light-scattering band pattern of MTV milk preparation 
following rate- and isopycnic -zonal centrifugation. Spherical 
density markers have values of 1. 160 and 1. 180 gm/ml. Note 
the presence of only a single intense band at about 1. 17 gm/ml. 



7 8 

1.180 1.160 

0.3.5 - t t 

0.30 

::i. 
E 

0 0.25 
(0 

N 
.. 

Q) 
(.) 0 .20 -c 
rn 

..Q 
I.... 

0 
(/) 

..Q 0 .15 
<l: 

0 .1 0 

0 .05 

OL--~-l---'----l'--~~___._____.__..__......____, 

0 4 8 12 16 20 

Fraction number 

F igure 4 . 6 . U. V. abso rb a nce profile of an MTV m ilk 
preparation centrifuged on isopycni c zonal suc rose 
density gradient (following rate- zonal separation). 
Fractionation shows sharp banding of virus. Vertic a l 
arrows indicate the positions of the isodensity markers 
used. Horizontal a rrows indicate those fractions con 
ta ining MTV - B anti gens. Asterisks indicate fractions 
containing m ater i a l in the ligh t sca ttering b and . 



E 
a. 
(.) 

' 
I 

M 

79 

1.160 

' -140 

120 

* 

100 

80 * -
60 

40 

1 5 10 15 20251 5 10 15 20 25 

Fraction number 

Figure 4. 7. 3H -MTV radioacti vity profile of rate - and 
isopycnic -zonally purified virus sample. Asterisks 
indicate the positions of fractions containing light 
scattering band material. (a) Distribution of radio
activity following the collection of gradient fractions 
directly into BBOT (see Materials and Methods). (b ) 
Distribution of radio~cti vity followi_ng PCA precipita
tion of protein matenal (see Matena1s and Methods). 
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Figure 4. 8. MTV -B immunoprecipitin reaction in agar gel. (a) Three 
fractions from the final gradient of MTV purified by the combined rate
and isopycnic-zonal method tested for MTV -B antigens. 
Top left and bottom right wells - anti-MTV antiserum 

Middle left well - fraction just prior to light scattering band 

Middle center well - light scattering band material 

Middle right well - fraction following intense light scattering band 

Top right and bottom left wells - empty 

Most of the detectable viral antigenicity is associated with fraction 
containing most of the material from the light scattering band. 

(b) Thin section electron micrograph of block cut from MTV -B 
immunoprecipitin line. Virus particles are clus te red and show a fringe 
of what is probably antibody attached to spikelike projections described 
in text (section 4). Horizontal bar is equivalent to 100 mf.L. 
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Figure 4. 9. Immunodiffusion reactions comparing milk-borne MTV 
purified by combined rate- and isopycnic-zonal centrifugation with 
that purified by the Ficoll isopycnic procedure of Lyons and Moore 
(19 65 ). 
Top left and top right well -anti-non-viral-milk antiserum 

Top center well - anti -MTV antiserum 

Bottom left well - Ficoll density gradient purified MTV 

Bottom right - rate- and isopycnic -zonal sucrose density gradient 
purified MTV 

Note the detection of non-viral antigens in the MTV Ficoll preparation. 
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Figure 4. 10. Electron micrograph of MTV purified by combined rate- and 
isopycnic -zonal centrifugation. Many MTV particles show spike -like 
projections on the outer envelope surface. Note the presence of an 
"inner membrane", associated with many virus particles. This prepara
tion shows a high degree of homogeneity of particle shape. Magnification 
is 40, OOOX. 
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Figure 4. 11. Electron micrograph of negatively stained MTV purified by 
the combined rate- and isopycnic -zonal centrifugation procedure. 
(a) Micrographs of intact MTV showing spike -like projections and 
electron translucent interior regions. Magnification is 150, OOOX. 
(b) Micrographs of MTV particles which disrupted and were pene
trated by PTA. Core material appears diffuse without a distinct 
limiting "internal membrane". Viral envelope appears to have a 
periodic subunit structure. Magnification is 80, OOOX. 
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Figure 4. 12. Thin section electron micrographs of MTV preparation 
after fat and casein depletion only. A number of MTV particles are 
clearly visible. Note the presence of many particles, believed to be 
casein micelles, w hich appear to be comprised of somewhat similar 
subunits. Mag nification is 40, OOOX. 
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Figure 4. 13. Electron micrograph of negatively stained particles from 
a fat and casein depleted MTV -infected milk sample. Characteristic 
MTV particles are seen amongst particles comprised of subunits. The 
particle aggregates are thought to be casein micelles. Magnification is 
60,000X. . 
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Figure· 4. 14. Sedimentation of 
3
H-MTV and 

32
P-poliovirus on a 

5-ZOo/o w/v sucrose density gradient. Note that MTV sedimenta
tion is coffined to a narrow zone. The absence of secondary 
peaks of H-labeled material suggests that the MTV is sedimenting 
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CHAPTER V 

Recapitulation and Speculation on Future Work 

The results of the biophysical investigations reported in this 

thesis have significantly extended our knowledge of MTV, in several areas. 

lnChapter II, it was shovm that;high titers of infectious MTV 

exist in the milk of both primaparous and multiparous BALB/cfC3H/Crgl 

mice, although the number of physical particles equivalent to one in

fectious unit has not yet been determined. The high purity of MTV now 

attainable using combined rate- and isopycnic-zonal centrifugation as 

described in Chapter IV makes feasible experiments designed to establish 

the ratio of physical particles to infectio~s units. S~ch information 

would be valuable in further characteriz,ing the host's response in the 

viral etiology of the mammary adenocarcinoma. 

The acid- and thermo-stabi I it~ of defatted mi lk~borne MTV bio-

activity, as reported in Chapter I I, was unexpected. Stabi I ity at pH 3 

may be due to protective effects(of non-viral milk components in the 

preparation, as was shown to be the case for VSV (Table 2.3). Alterna-

tively, this stabi I ity could be due to intrinsic viral factors such as 

are thought to account for the acid stabi I ity of certain NDV· strains 

(Moses et ~., 1947). Interestingly, NOV is the only I ipoprotein-mem-

braned RNA virus possessing thermoresisiance properties I ike those found 

for MTV (Table 2.2; Hanson and Brandly, 1958). 

I 
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NDV and MTV have been shown to have somewhat similar nucleic acid 

base ratios (Be I I et, 1967). Extension of this study to the phys i ca I 

properties of viral envelope components could establish those elements 

responsible for the physical stabi I ity of these viruses. 

lsopycnic banding of MTV preparations in several gradient so-

lutions, described in Chapter I I I, demonstrated the isodensity to be in 

agreement with known values for other RNA tumor viruses (Table 3. 1). 

Two I ight-scattering bands appeared following centrifugation of MTV in 

sucrose or potassium tartrate gradients. The higher isodensity band in 

sucrose solutions (1. 170 gm/ml) was shown to contain intact MTV (Figure 

3.4a). Particles from the lower isodensity band (1. 163 gm/ml) were quite 

pleiomorphic (Figure 3.4b) and resembled incomplete influenza virus (Barry 

and Waterson, 1962). Preliminary MTV-fractionation studies using rate-

zonal density-gradient centrifugation, Chapter IV, suggest that these 

"incomplete" particles may be isolated on the basis of their sedimentation 

rate. Such an isolation would permit an evaluation of both their bio
~ 
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physical properties and their infectivity relative to that of complete MTV. 

A variety of particles from MTV-infected milk vtere observed to 

possess spike! ike surface projections similar to those previously seen on 

Myxoviruses and Paramyxoviruses. Particles from the milk of MTV-free 

mice did ~ot possess such surface projections. These two observations 

suggest that the detection of "spikes" dn surfaces of membra·ned milk-

particles from MTV-infected mice might serve as a rapid assay for MTV 

bioactivity. Experiments currently in progress should establish the 

feasibi I ity of such an assay. 
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Combined rate- and isopycnic-zonal centrifugation of MTV milk-

samples on sucrose density gradients (Chapter IV) clearly demonstrated 

the utility of this procedure for the purification of MTV. The purity 

of the viral preparation was evaluated on the basis of the (a)·U.V. 

absorption, (b) 3H-MTV .radioactivity and (c) MTV-B and non-viral antigeni-

city profiles of ~ensity gradients. The MTV sampels prepared and 

studied in this way were seen to be of significantly higher purity than 

those previously reported. However, bioassays of the purified MTV yet 

to be completed are necessary to fully evaluate this purification proce-

dure. 

Elect~on microscopic studies (negative stain and/or thin section) 

of MTV samples were used to analyze particle morphology. In Chapter IV 

it was noted that the external membrane surrounding the MTV particle 

appears to be composed of subunits {Figure 4.11b). These elements may be 

physically analagous to those isolated from the membranes of influenza 

virus by Laver and Valentine (1969). (Laver and Webster (1966) have shown 
q 

that three characteristic antigens are associated with the viral envelope 

of influenza virus.) It should be possible by these methods to determine 

if simi Jar viral envelope components exist for MTV. Such an analysis may 

lead to an understanding of the structure-function relationship of MTV-

membrane surface projections. A detailed knowledge of the antigenic prop-

erties of the viral envelope may also conceivably be of prophylactic 

value. That is, the surface of MTV-transformed mammary adenocarcinoma 

eel Is likely possess antigens common to the virus, since the virus is 

known to be released from such cells by "budding" from cell membrane (Lyons 

and Moore,· 1965). 



Studies of negatively-stained purified MTV preparations sug

gested that the apparent viral nucleoid of disrupted viruses was not 

limited by a distinct "inner membrane" (Figure 4.11b), as is often seen 

in thin section electron micrographs (Figure 4.10 and 4. 12). The 

biophysical and immunological properties of this "membrane" are unknown. 

However, based on its staining properties as seen in thin section elec

tron micrographs, it is considered unlikely that this component is com

posed of I ipoprotein. 

Results of research presented in this thesis make it feasible to 

study, in detai I, the biophysical and immunological properties of both 

the intact virus and its subunits. 
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A. BBOT 

CHAPTER VII 

Appendix 

Special Reagents 

106.5 gm Naphthalene (purified) 

102 

5.56 gm BBOT = 2,5-bis[2-(5-tert-Butylbenzoxazoly)]

Jhiophene 

100 ml Toluene 

665 ml 2-Methoxyethanol 

B. Cacodylate buffer 

100 ml 0.1 M Na-Cacodylate 

7.5 gm Sucrose 

C. Paraformaldehyde-Giutaraldehyde 

D. Phosphate 

0.5 gm Paraformaldehyde 

0.35 ml 0.01 N NaOH 

25 ml 0.2 M Na-Cacodylate 

2 ml 70% Glutaraldehyde 

25 mgm CaCI 2 

to 50 ml Disti lied water 

buffered sa I i ne 

8.00 gm NaCI 

0.20 . gm KCI 

2.89 gm Na 2H2Po4 

100 ml Disti lied water 

} 
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E. Sa I i ne-A 

800 mgm NaCI 

40 mgm KCI 

100 mgm Glucose 

.... 
35 mgm NaHC03 

0.5 mgm Phenol red 

100 ml D i st i I I ed water 

• 

. ... , ...... · 



.. LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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