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Studies on Mammary Tumor Inducing Virus in Mice (Bittner Virus).* 
( 251 81) 
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Biological ~ biophysical and biochemical 
methods have heen employed in studies on 
properties of mammary tumor inducing Bitt- 
ner virus ( 1-3 j . These studies demonstrated 
non-lipid fraction of fresh milk of agent-har- 
boring mice tu be best source of virus. and en- 
zymes. such as trypsin. chymotrypsin, prostate 
phosphatase, and snake venom diesterase. and 
chelating agents, have little influence on virus 
present in milk ( 4 ) .  Electron microscope 
studies of sections of mammary tumors from 
virus-carrjying mice revealed virus-like par- 
ticles in these tumors( 5-6) ~ but not in lactat- 
ing breast tissue of virus-carrying mice(4-7). 
known to be good source of virus( 8 ) .  At- 
tempts to correlate electron microscope obser- 
vations with bioassays of these tumors for 
tumor-inducing activity failed to produce con- 
clusive evidence that the observed particles 
are the Bittner virus ( 9  ) . Experiments were 
therefore undertaken to study the morpho- 
logical. biophysical and biochemical properties 
of the agent present in milk of mice. 

iUatey.ial and methods. lllilk from mice of 
virus-carrying ,4. genetically identical virus- 
free Af. and RTlI virus-harboring strains was 
used as source of the agent. Bioassays were 
carried out in 1 to 4-week-old (C,? x ,4f)F, 
female mice to determine tumor-inducing ac- 
tivity following each treatment of milk. For 
electrophoretic fractionation, milk was de- 
fatted by centrifugation a t  600 s g for 20 min- 
utes, the remaining fraction decaseinated with 
chymotrypsin (0.2 mg ml) for 5 minutes a t  
38°C. Coagulated milk was centrifuged a t  
600 x g for 20 minutes and supernatant a t  
105,000 x g for 2 hours a t  4°C. Part of re- 
sulting pellet resuspended in citrate buffer of 
ionic strength 0.01 at  pH 6.0 to the original 
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volume of milk sample was used for bioassays, 
the rest for zone electrophoresis a t  4°C in a 
trough with powdered cellulose in citrate 
buffer with current of 450 V and 15 m a .  After 
20 hours, cellulose block was cut in inch 
segments, buffer removed from each segment 
by filtration through separate filters with 
lyhatman No. 1 paper and analyzed for phos- 
phorus ( l o )  and protein ( 1 1 ) . High-speed 
centrifugal pellets of defatted and decasei- 
nated milk were tested for presence of RNA 
and DNA. Ribonucleic acid was determined 
in hot perchloric acid extracts of pellets by 
modified orcinol method ( 1 2 )  and by ultra- 
violet absorption readings in Beckman DK2 
recording spectrophotometer. For DNA de- 
terminations, Burton-Dische reaction ( 13) was 
used directly on the pellet. Ribonuclease di- 
gestion of pellet material was carried out at 
38°C for 30 minutes with 10 pg of ribonu- 
clease/ml of pellet resuspended in physiologi- 
cal saline, citrate buffer or distilled water. 
Material treated was then centrifuged a t  105,- 
000 x g for 2 hours a t  4"C, and the superna- 
tant and sediment tested for acid-soluble and 
insoluble RNA and tumor-inducing activity. 
High-speed centrifugal pellet material was 
treated with 75% cold ethanol, precipitate 
spun a t  600 x g for 20 minutes a t  4OC, resus- 
pended to the original volume of defatted, de- 
caseinated milk and tested for tumor-inducing 
activity. Phenolic deproteinization of defatted 
milk or of high-speed centrifugal pellets from 
such milk was carried out according to Gierer 
and Schramm technic ( 14),  modified by Kirby 
( 15) .  Biphthalale or salicylate buffer (0.1 5 

Fluorocar- 
bon deproteinization technic ( 16-19), using 1, 
1 2-trichloro-1, 2,2-trifluoroethane (Genetron 
113), was also employed in attempt a t  extrac- 
tion of the virus from high-speed centrifugal 
pellets of defatted and decaseinated milk. 

pH 7.3) was used as diluent. 
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Type of fraction tested (trcatiiient) 10-2 
1 )ilutionc; 

10-~ 1 0 4  

1)CfiLttCd milk (600 x g f o r  20 min.) 16/20 12/16 13/18 

Whey (incubatioii with chymotrypsin) 7/19 12/20 3/15 

Xupcrnate (10-I) (105,000 X g f o r  2 I-ir) 

80% 12M" 75%j 12M 72% 10M 

37% 17M 60% 12M 20y~ 16M 
12/19 

63% 12M 

45% 11M <i3% 14M 
Pellet (105,000 x g for  2 hr) 9/20 10/19 11/22 

5070 IOM 

.x Avg tumor appearance in mo. 

Electron microscope studies of ultrathin sec- 
tions of pellets of milk from RTIT, A, and Af 
strain mice were carried out according to 
method previously described (20). 

Results. Bioassays of fractions of A strain 
milk following different treatment, preceding 
electrophoretic fractionation, are shown in 
Table I. High-speed centrifugal pellet from 
defatted, decaseinated milk retained tumor- 
inducing activity. Activity of supernatant 
may be due to resuspension of some of particu- 
late material before or during removal of the 
supernatant. Chemical analysis for phos- 
phorus and protein of high-speed centrifugal 
pellet (Table I) from defatted and decasein- 
ated strain A virus-carrying milk after zone 
electrophoresis is shown in Fig. 1. On the 
basis of Folin-Lowry test, all segments of the 
cellulose block were pooled into 3 fractions for 
bioassays. Most of protein and 65% of phos- 

phorus was found in Fraction I1 or central seg- 
ment around the origin, and only small quan- 
tities in Fractions I and I11 towards anode 
and cathode. Bioassays of electrophoretic 
fractions of high-speed centrifugal Strain A 
milk pellet (Table 11) showed tumor-inducing 
activity only in Fraction 11. The tumor-in- 
ducing particle, therefore, does not appear to 
have a large net charge a t  pH 6. Electro- 
phoretic analysis of strain Af milk with no 
tumor-inducing activity gave a pattern essen- 
tially similar to that of strain A milk with 
high tumor-inducing activity. 

The amount of RNA in centrifugal pellets 
of defatted and decaseinated strain A virus- 
containing milk ranged in samples tested from 
8 to 23 pg/ml of original milk. Estimations 
of RNA content in pellets of similarly treated 
virus-free Af strain milk have so far been un- 
successful because of color interference with 

.so0 %%ROTEIN (Folin-Lorry) the orcinol reaction. Similarly prepared pel- 
lets from virus-harboring A and virus-free Af 

.m milk showed no detectable DNA by method 
which could have shown quantities greater 

\\\ihosphwul (King-GrpmtnJ 

> than 0.2 pg/ml of original milk. Absorption 
z spectra of extracts of pellet material from : .m 
Y 

n both types of milk were characteristic of nu- 
cleic acids and agreed quantitatively with re- 

0 sults of orcinol reaction. Ribonucleic acid 
analysis of high-speed centrifugal pellet from 
strain A milk before and after ribonuclease 
treatment (Table 111) demonstrated altera- 

Fraction I I  F r o c t k  111 in the original pellet. Small fraction of RNA 
5 tion in solubility and sedimentability of RNA 
a,,,,& -1'3 -I5 

+I5 +10 

Fraction I 
- 

FIG. 1. Electrophoretic pattern of high-speed cen- appeared to be resistant to ribonuclease. Bio- 
trifugal pellet from defatted, decaseinated, virus- 

carrying strain A milk. assays on ribonuclease-treated high-speed cen- 
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trifugal pellets from defatted or defatted and 
decaseinated strain A milk (Table IV), al- 
though not complete, d ~ o w  a t  least some tu -  

TABLE 1 I T .  Ril,oiiuc.lcic Aeitl Analyses of Hig11- 
s1jpecl C'rlltyifng;il P(,llpt (l(Is,o()0 x g-z T I r  of 
Sti-aili A Y i l k  lic+oi.c :111t1 :Iftc.y Xihoiinclenw T Y C Y ~ -  

ntent. 

mor-inducing activity remains following this, 
and after cold ethanol treatment. 

Aqueous phase from phenolic deproteiniza- 
tion of strain A milk has, so far: shown no 

bioassay duration) and control material con- 
siderable activity (867% tumor incidence in 9 

X i r i  t of rihoiiuc.I(~ic~ months). The aqueous layers contain nitro- 
gen in quantities of 80-140 pg/ml of original 

tumor-inducing activity (after 14 months of 

n c . i d / l O  nil 

-kit1 Acid milk. This represents 1-276 nitrogen of ori- 
ginal defatted milk. Bioassays of aqueous 
phase from fluorocarbon deproteinization of 
milk, because of short duration, do not permit 

so 1u1 t le iiisol 11 I )lc Tot :I 1 
7- ( P g )  v Material (fr:ictioii ) 

Origiiial lwllet ( I  ) 1 0 3 1 3 1  2% 
:~,,  Pellet a f tc r  rilto11ucle:lsc 2 0  I n  - -  

trew tiiiciit ( T  1) any conclusion. 
Ruperit:itc from (11) 2.5 154 17:) High-speed centrifugal pellets of virus- 

harboring RIII and A strain and of Af virus- (103,(100 x g) 
~ __ 

T,iRIJF: IT'. Bionssays of High-Spcctl ('cbiitrifugnl Pellets of S t ra in  A Xilk  following Ribo- 

Siiiuer:itors = Xice wit11 1ii:iitiin:ir~- tiiiiioi.h. l)c.iioiiiin:itors 1 Il ice alire :it e:irliest tunlor ap- 

Duration of Dilutions 

iiiic1~:ahc or 73'J( Et1i:inol TnX:itiiiwt in  ( CY7 x Af)F, Mice. 

p':I r:111cc. 

esp. (rno) M a t e r i d  testccl 3.2  X 1O-l 2 x 10-1 10-1 10-8 

11 Milk defatted & 
decaseiiiated 

P elle t inc iib a t c cl 

Pellet treated with 

Pellet treated wit11 5 / 2 5  
ribonuclensc 

ethanol 20% I031 
1 0  Ifi lk defattcd 6- 

ilccaseinated 

ribonuclensc 
9 Milk rlefattcd 

Pellet treatcd vitli 

Pellet uiitrcated 

Pellet treated with 
riboiiuclease 

2/15 
13% 10M 

0/27 

9/42 
21.70 YM 

1/16 
6% 9M 

3/17 
18% 7hf 

2/19 2/17 
11% 6M 12% G M  

Supernate from 2/19 O/lS 
treated pellet 11% 6M 

_- 
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FIG. 2.  Electron micrograph of section of upper layer of high-speed (105,000 X 8-2 hr) cen- 
trifugal pellet from defatted, decaseinated virus-carrying RII I  strain milk. Particles with charac- 
teristic structure. X 30,000. 

FIG. 2a & 2b. Selected fields of Fig. 2 a t  higher magnification. X 1301,000. 
FIG, 3. Electron micrograph of section of upper layer of high-speed centrifugal pellet from 

FIG. 4. Selected field of upper layer of high-speed centrifugal pellet from similarly treated 
defatted, decaseinated virus-carrying A strain milk. 

virus-free ,4f strain milk. X 50,000. 

free strain defatted and decaseinated milk 
have similar macroscopic appearance. They 
are composed of an upper pale layer and lower 
more dense brownish zone. Electron micro- 
scope studies of sections of upper layer of pel- 
lets have revealed characteristic particles of 
700 A average diameter, composed of inner 
dense core, and outer pale zone, surrounded by 
2 limiting membranes. They have been found 
in every section of upper layer of high-speed 
centrifugal pellets from RIII and A strain 
milk (Fig. 2, 2a, 2 b, and 3).  Similar particles 
have only occasionally been found in sections 
of upper layer of pellets from Af strain milk 
(Fig. 4) .  Similar study of lower zone of pel- 
lets from milk of all 3 strains of mice has 
shown only amorphous material. High-speed 
centrifugal pellets from aqueous phase of 
tluorocarbon-treated pellet material from milk 

of the 3 strains have macroscopic appearance 
similar to that of pellets before treatment but 
contain a much smaller lower layer. In  the 
electron microscope apparently unaltered par- 
ticles are present in the upper layer (Fig. 5 ) .  
Denatured protein at  the interphase between 
the aqueous and fluorocarbon layers has failed 
to reveal any characteristic particles. 

Discussion. Bioassays of different fractions 
from virus-containing strain A milk, following 
defatting, decaseination, high-speed centrifu- 
gation, have demonstrated high-speed centri- 
fugal pellets of treated milk to be suitable 
starting material for biophysical and bio- 
chemical study of the agent. Electrophoretic 
fractionation has led to localization of tumor- 
inducing activity in the electrophoretic pat- 
tern. Contamination of other fragments has 
not been observed in the present electrophore- 
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FIG.  .i. Electron micrograph oi  section of upper 
layer of high-speed (105.000 X g--2 hr )  centrifugal 
pellet from aqueous la! er ot‘ Genetron-treated hiph- 
..peed centrifugal pellet irom deiatted, decaseinatul 

RIII strain mi lk  X 52,000. 

sis experiments. Previous attempts by column 
e 1 e c t r o 11 h o re s i s showed t u m or - i n d uci n,v act iv- 
ity in varying amounts in all fractions(4), 
probably from cross-contamination during 
elution. The present studies indicate more es- 
tensive electrophoresis studies of the virus are 
feasible. 

Studies on presence of RNA and Dn‘A in 
high-speed centrifugal pellets from virus-car- 
rying. defatted and decaseinated ,4 strain milk 
were possible because of removal of a sub- 
stance (possibly lactose) which interfered 
with previous attempts a t  colorimetric deter- 
mination of RNA in mouse milk. I t  should be 
pointed out that the interfering substance is 
not a1waj.s removed by high-speed centrifuga- 
tion. For this reason, RNA determinations in 
pellets of similarly treated Af strain milk have 
so far not been successful. The absence of 
DNA in pellets of virus-carrying milk, at 
least in quantities greater than 0.2 pg,’ml, is 
of interest. It should be pointed out that Hitt- 
ner \~irus is of cytoplasmic origin, as shown 
in fractionation studies of tumor cells by dif- 
ferential centrifugation( 2 1 )  and as indicated 
by electron microscopy(4-7,22-23). Prese 
of tumor-inducing activity following ribonu- 
clease treatment of high-speed centrifugal pel- 
lets from defatted and decaseinated milk, and 
treatment with cold ethanol may prove help- 
full in isolation of the virus from mouse milk. 

Attempts to demonstrate vir us-li ke particles 
in lactating breast tissue of virus-carrying 

mice similar to those in cytoplasm of mam- 
mary tumor cells have been unsuccessful(4-7). 
Observation of characteristic particles in high- 
speed centrifugal pellets from virus-carrying 
milk which have shown considerable tumor- 
inducing activity is therefore of interest. How- 
ever, the particles are smaller (700 A)  than 
those in tumor cells (900 A ) .  It is not known 
whether the difference in size, assuming the 
particles are the same, is the result of treat- 
ment of milk and subsequent preparation of 
pellet material for electron microscopy. 
Fluorocarbon deproteinization of pellets from 
virus-carrying milk does not appear to affect 
the appearance of particles to any appreciable 
extent. although they decrease in number. 
Presence of a small number of similar particles 
in pellets from Af milk, with no tumor-induc- 
ing activity, requires exploration. Particles of 
similar size and appearance to those in virus- 
carrying mammary tumors have also been 
observed in some tumors from agent-free 
mice(7,9). The incidence of mammary tu- 
mors in strain Af mice of our colony is about 
3% a t  an age between 400-600 days. In  the 
dairy colony of this strain, only one mam- 
mary tumor has, so far. been observed. It is 
not known whether the smaller number of par- 
ticles observed in Af milk compared with that 
in R I l I  and A strain milk is connected with 
difference in tumor incidence of these strains 
(7Oyo a t  389 days average age in RIII and 
667% a t  382 days in A strain). 

Further studies based on biochemical frac- 
tionation combined with electron microscope 
examination of sections and bioassays of vari- 
ous milk fractions may finally demonstrate 
the relationship of these and other particles 
(24-25) to the tumor-inducing activity of 
mouse milk. It has been pointed out(4) that 
shadow-cast preparations of mouse milk do 
not differentiate virus from calcium caseinate 
and lipoprotein particles present in milk. 

Sunzmuiy. 1). Zone electrophoresis of high- 
speed centrifugal pellets from virus-containing 
defatted and decaseinated strain A milk has 
led to good recovery of mammary tumor-in- 
ciucing activity and to its localization in elec- 
trophoretic pattern. N ucleic acid deterniina- 
tions have shown presence of considerable 
quantities of RNA in pellets from similarly 
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treated A htraiti inilk and abseilre of UNA. 
High-speed centrifugal pellets from defatted 
and decaseinated strain A milk treated with 
either ribonuclease or cold 75% ethanol re- 
tained tumor-inducing activity. 2 )  Charac- 
teristic particles of 700 A average diameter, 
have been observed in sections of high-speed 
centrifugal pellets of agent-harboring RIII 
and A strain milk which have shown high tu- 
mor-inducing activity. They have also been 
found following treatment of pellets with 
fluorocarbon. Similar partides have been ob- 
served in considerably smaller number in pel- 
lets of Af strain milk without tumor-inducing 
activity. The relationship of these particles 
to the origin of mammary tumors of mice re- 
quires further study. 
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Use of Contrasting Fluorescent Dye as Counterstain in Fixed Tissue 
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One of the major problems in fluorescent 
antibody studies is the nonspecific uptake of 
fluorescein dye in formalin fixed tissues which 
often makes differentiation between specific 
and nonspecific fluorescence difficult. It was 
observed that a conjugated bovine antiserum 
using Lissamine rhodamine RB 200 (LR), 
according to Chadwick et aZ.( 1) ,  not only 
stained the specific organism but imparted a 
reddish-orange background to the tissue as 
well. An investigation was made as to the 

possibility of using LR-conjugated normal 
serum as a nonspecific counterstain to elimi- 
nate the nonspecific fluorescence of the fluo- 
rescein dye. 

Materials and methods, Normal bovine, 
ovine and rabbit whole sera and bovine serum 
albumin were conjugated with Lissamine 
rhodamine RB ZOO* according to Chadwick 

*Lissamine rhodamine RB 200 was kindly sup- 
plied by Arnold, Hoffman, and Co., Providence, R. I. 


