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and penicillin-resistant strains of viridans had increased in sulfathiazole resistance. Glu- 
streptococci tested, but not in the parent tamic acid appears t o  accompany sulfathiazole 
strains. The aureomycin and penicillin-resis- resistance regardless of how thiis resistance 
tant strains had also increased in sulfathiiazole is acquired. The possible relation of the 
resistance. S o  glutamic acid was present in free glutamic acid to the increased resistance 
5 trained streptomycin-resistant strains which to sulfathiazole is discussed. 

~- _______  had not increased in sulfathiazole Received September 2 5 ,  19 jo,  P.S.E.B.M., 1950, ~ 7 5 ,  
resistance, but was found in one strain which 
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The relative inability of tumor homogen- 
ates to oxidize oxalacetic acid(l ,2) and the 
participation of coenzyme .A (Co.4) in the 
enzymatic condensation of oxalacetate and 
C:! units to citrate(3,4) suggest that tumors 
might be relatively deficient in this coenzyme. 
Earlier work pointed to a low level of pan- 
tothenic acid (PA) in tumors(S), but the 
methods available at that time for liberating 
the vitamin from bound forms were probably 
inadequate( 6 ) .  Therefore the contents of 
coenzyme A and pantothentic acid were de- 
termined in several types of transplantable 
rat tumors. Since the enzymes involved in 
the Krebs tricarboxylic acid cycle appear to 
~ ~ _ _ _ _ _ _  - - .- 
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be relatively concentrated in the mitochondria 
of normal liver(7) a comparison was also 
made of the intracellular distribution of these 
factors in normal rat liver with that in azo 
dye-induced rat liver tumors. 

Experimental. The transplantable tumors 
were collected from multiply-inoculated ratst 
bearing the Walker carcinosarcoma, the Jen- 
sen sarcoma, or the Flexner- Jobling carcinoma. 
Only firm tumors less than 1 clm in diameter 
were analyzed. The minced tumors were 
homogenized in ice-cold isotonic saline in the 
Potter-Elvehjem apparatus to give a final 
tissue concentration of 10%. The liver tu- 
mors were taken from rats fed for 5 months on 
a low riboflavin, semi-synithetic diet (8, diet 3 )  
containing 0.06 o/o 4-dimethylaminoazoben- 
zene. The liver tumors were perfused in situ 
with ice-cold isotonic salline by  injection into 
the aorta a t  the throracic level; the aorta be- 
low the coeliac artery was clamped off and 
the fluid allowed to escape by severing the 
vena cava above (the liver. This perfusion 
route was necessary since 1,iver tumors, un- 
like liver, are supplied only by arterial blood 
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(9). Firm tumors 1 cm or less in diameter 
were carefully dissected from the livers, 
pooled, and washed in ice-cold saline. All 
of the normal livers were perfused with saline 
via the vena cava as described by Price et 
al. (10). The normal rats (160-200 g) and 
the rats (120-150 g) bearing the transplant- 
able tumors were maintained on a grain diet 
(1 1 ). The preparation and differential cen- 
trifugation of the liver and liver tumor 
homogenates were carried out in 0.88 M su- 
crose essentialIy as previously descnilbed ( 10, 
1 2 ) .  The nuclei, mitochondria, and micro- 
some fractions were collected at 600 g for 10 
minutes with two washings, 18,000 g for 10 
minutes with one washing, and 120,OO g for 
36 minutes without washing, respectively. 
The tube and pellet containing the 'latter frac- 
tion were rinsed wilth the sucrose medium and 
the washings added to the supernatant frac- 
tion. A refrigerated International centrifuge 
with a high-speed attachment was used to 
separate the first two fraotions; the micro- 
some fraction was sedimented in an air-driven 
ultracentrifuge. 

All of the homogenates and 10% suspen- 
sions of the intracellular fractions in the su- 
crose medium 'were heated for 10 minutes in 
a boiling water bath to preserve the bound 
forms of pantothenic acid and suitable dilu- 
tions were made wilth distilled water for 
analysis. CoA was determined by the sul- 
f anilamide acetylation method of Kaplan and 
Lipmann (13). Total PA was determined 
microbiologically with L. arubimsus ( 14) after 
enzymatic digestion (6) .  Free PA values 
were obtained by applying 'the same method 
to undigested aliquots. Duplicate PA and 
Co-4 assays were conducted on each sample 
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TABLE I. Coenzyme A and Pantothenic Acid 
Content of Certain Transplantable and Induced 

Tumors in  the Rat. 

Panto thenic 
ci acid t 

Walker carcino- 1 9.8 5.7 .5 
sarcoma 2 12.0 15.3 .1 

3 7.2 5.3 1.9 
Jensen sarcoma 1 11.2 4.5 .o 

9 8.4 6.8 .4 
3 8.4 7.1 .O 

It'lexner-Jobling 1 11.9 12.3 .o 
carcinoma 2 16.8 19.7 .2 

3 7.6 7.0 -0 
Induced liver 1 18.8 15.2 .6 

tumor 2 28.8 22.2 1.1 

* Lipmann units per g fresh tissue. 
t fig per g fresh tissue. 

and agreed within 15% 'for the more con- 
centrated samples. With some of the lower 
potency tumor fractions, a 30-5(40/0 variation 
occurred and the aiverage of the two values 
is reported unless additional determinations 
were made. 

From the data in 
Table I it appears that the transplantable 
tumors contained roughly similar amounts of 
coenzyme A and pantothenic acid, although 
fairly wide variations were observed with 
some of the samhples. The induced liver tu- 
mors (Tables I and 11) on the other hand 
contained appreciably more of these factors 
than the transplantable tumors. In compari- 
son with several normal rat tissues analyzed 
by similar methods, however, all of these 
tumors contain only about 1/2 to 1/10 as 
much of these factors(l3, and Table 
11). The PA values in Table I are 
about 20 to 30% higher than those 
previously reported for similar rat tumors 
(5 ) .  Tlhis is undoubtedly a result of 
a more complete release of PA from bound 
forms(6). The low amount of coenzyme 
A in these tumors thus parallels the finding of 
Potter et at.( 1,2) that homogenates of these 
tissues contain low amounts of the enzymes 
that oxidize oxalacetic acid. 

The intracellular distribvtion of CoA and 
PA in normal rat liver and in azo dye-induced 
rat liver tumors is given in Table 11. In  gen- 

Results and discussion. 
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TABLE 11. Iiitr:tct~llula~- I)istributioii of C‘oenzyiiie A and I’antothenic Arid in S o m a 1  Rat 
Liver and Induced Rat Liver Tuiii(~r. 

I’antothenic acidt 
\ 

C o m z ~ i i i e  -4 Total F l W  

, ~r . r- - 
1 . i ~ ~  Tunior Liver Tumor Liver T 11111 ( I  Y 

Sa111ple s o .  1 2 3 4 1 2 3 4 1 e 3 4  

\\‘holr llonlogrnatr~ IT4 l(j6 30 15 126 118 17 Y4 - 1.9 4.s 5.9 
Snc. lei 39 40 4.2 2.9 33 ”4 3.11 2.9 - 2 1.4 .8 
JIit ocliondri;~ 9.i 82 9.4 4.4 (53 42 ?.ti 1.8 - .3 1.0 .J 
JIirrosoiiirs 3.R 8.6 0.0 0.3 5.3 5.9 .4 1.2 - .1 .-I 
S u p i  iiat:tiit 33 .?i 1 2  6.3 311 32 5.3 5 . 7  - - .,i 2.1 .O 
Jlec.clver,Y 1 7 1  188 r’fj 14 131 104 1 2  1 2  - 1.1 4.9 2..; 

Fr:ic t ion 

Lipiliami units I J ~ T  g frl~sli tissue. 
+ pg l ter  g fresli tiaaiie. 

eral, the distribution of these two components 
paralleled one another closely. -4s expected 
from previous work on the distribution of 
the enzymes involved in the Krebs tricar- 
boxylic acid cycle(?) a large share of the 
Co.4 was found in the mitochondrial fraction 
of each tissue. In the normal livers this 
fraction contained about half of the total 
amounts of the co.4 and P-4 present. The 
remaining amounts of these substances were 
divided almost equally between the super- 
natant and nuclear fractions. -4s in the case 
of vitamin Bl;( 1 5 )  the microsomes contained 
little of these factors: it is quite possible that 
the small amounts found were due to con- 
tamination by supernatant fluid since the 
microsomes were not washed by resuspension. 
The tumors, on the other hand, not only con- 
tained much less Co.4 and P-4 but the dis- 
tribution of these factors among the morpho- 
logical constituents appeared to differ from 
that of normal liver. Thus the supernatant 
fraction accounted lor nearly half of the 
vitamin and coenzyme present in the tumor 
and tlhe mitochondria and nuclei contained 
the remaining amounts in the order named. 
-4s in the normal liver only very low amounts 
were found in the tumor microsome fractions. 

IYhile few conclusions can be drawn from 
the free P-4 values given in Table 11, it would 
appear that there was a much higher content 
of free pantothenic acid in the liver tumor 
than in the normal liver. However, the data 

13. Price, J. hl., Miller, E. C., and Miller, J .  A., 
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in Table I indicate that when these liver 
tumors are analyzed quickly after death of 
the animal the content of free PA is consider- 
ably less although it is still higher on a per- 
centage basis than in normal liver. This 
discrepancy is probably due to the fact that 
the fractionation procedure required several 
hours to complete. Even though the homog- 
enates and fractions were held a t  3 to j3 
throughout this time it is quite probable that 
some enzymatic liberation of P-4 occurred. 
Similarly, the low recoveries of free PA shown 
in Table I1 may have been due to a greater 
liberation of P.4 in the whole homogenate 
than in any of the isolated fractions. 

The recoveries of Co-4 and total P-1 in the 
fractionations were reasonably good (89 to 
113%) in the case of normal liver but they 
tended to be low (71 to 93 %) with the liver 
tumor samples. The reason for this difficulty 
is not known. 

Summary . The in t racellular distribution 
of pantothenic acid and of coenzyme -4 have 
been determined in normal rat liver and in 
azo dye-induced rat liver tumors. These sub- 
stances were also determined in three kinds 
of transplantable rat tumors. ,411 of the 
tumors were very much Iower in these com- 
ponents than normal liver. The majority of 
each factor in the liver was contained in the 
mitochondria; however, in the liver tumor 
the supernatant fraction contained the largest 
amounts. The remaining amounts were dis- 
tributed between the nuclear and supernatant 
fractions of the liver and the mitochondria1 
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and nuclear fractions of the liver tumor. The observation of Potter and his associates that 
microsomes from each tissue contained only homogenates of such tumors contain low 
small amounts of the vitamin and coenzyme. amounts of the enzymes that oxidize oxal- 
The finding that ,these tumors contain low acetic acid. 
levels Of coenzyme A is in with the Received September 25 ,  1950. P.S.E.B.M., 1950, v75. 
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Equine virus abortion (E.V.A.) was first 
described as a clinical entity, of unknown 
etiology, by Dimock and Edwards( 1). Sub- 
sequent reports( 2-8) esbblished the viral 
etiology, and more fully characterized thjis 
disease. E.V.A. is an epizoatic contagious 
disease of Equidae characterized by abor- 
tion, usually in the late stages of pregnancy, 
without signs of inifection of the mare before 
or after parturition. The most striking patho- 
logical lesion noted in the aborted fetus are 
small foci of necrosis in the liver. Other 
changes worthy of note are hemorrhages in 
the abdominal and thoracic organs, edema 
and congestion of *the lungs, and pleural ef- 
fusion. Xecrosis and intranuclear inclusions 
are the ohief histopathological features. E.V.A. 
has been reported(6,g) from 12 states in this 
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country, and five foreign countries. Although 
data regarding the incidence of this disease in 
the United States are incomplete, the major- 
ity of cases appear to occur in central Ken- 
tucky, principally on thoroughbred farms. 
abortion rates ranging from 10% to 85% in 
exposed groups of an'imals indicate the ex- 
treme degree of contagiousness of the virus. 
Little, however, is k'nown concerning the mode 
of transmission of E.V.A.; apparently it is 
not venereal, since the stallion has not as 
yet been implicated. The disease has been 
induced artificially by feeding pregnant mares 
unfiltered infected placenta or fetal tissue, 
and by 'the injection of bacteria-free filtrates 
of infected tissue. The incubation period of 
such inlfected animals is from 18-30 days. 

The host range of the virus appears to be 
narrowly limited. Small success has attended 
the efforts oif those who have attempted to 
grow this virus in animals other than the 
natural host. Dimock, Edwards, and Bruner 
(6) were unable to demonstrate infection in 
mice, rabbits, guinea pigs and chick embryos. 
Serial passage through guinea pig foetuses ( 10) 
has failed to maintain the virus. Histopatho- 
logical evidence of infection in nedmrn Syrian 
hamsters has been adduced by Goodpasture 
and Anderson( 11,12). Other investigators 
(9,lO) have not succeeded in demonstrating 
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