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Phosphoinannose I soinerase Activity in  a Spectrum of Norinal and 
hlalignant Rat Tissues.;“ (25665) 

Mannose catabolism has been observed with 
slices of Flexner-Jobling carcinoma ( 1 ) , with 
Ehrlich ascites cells( 2) and n ith Krebs-2 as- 
cites cells( 3 ) .  Yushok( 3 )  considered anaero- 
bic mannose catabolism to he mediated by 
phosphomannose isomerase ( T’3IT ) and pos- 
tulated this enzyme to be rate limiting in man- 
nose catabolism. Recently. hexosamine syn- 
thesis from mannose-6-phosphate (31-6-1)) 
and glutanline by U-aIker carcinosarcoma 2 56 
honiogenates was reported (4  ’) . T t was con- 
cluded that the M-alker tumor contained PA1 I 
or that mannosamine was formed ( 4 ) .  Since 
these observations indicated entry of man- 
nose in to glucose metabolic pathways of mal- 
ignant tissues, it was important to ( a )  cleter- 
mine whether tumors possessed P311q (b )  
compare PllT activity of malignant tissue to 
that of normal tissue and (c) determine 
whether P3IT activity was altered during car- 
cinogenesis. 

-1late~inZs nrzd wrthods.  Transplanted tu- 
mors were carried in female Ho l tman  rats 
as previously described ( 5 )  . while primary he- 
patomas were induced by feeding 0.06ch 3’- 
methyl-4-dimethylaminoazobenzene ( 3’-1Ie- 
DAB) in a semi-synthetic diet described by 
Medes, et nZ.( 6) .  Since PMT converts 91-6-1’ 
to fructose-6-phosphate (F-6-f)) ( 7 ) .  fornia- 
tion of F-6-P, determined by method of Roe 
(8), was used to follow estent of reaction. 
Tissues were homogenized in 0.1 31 acetate 
buffer pH 5.5(9)  and centrifuged a t  18,000 g 
for 60 min a t  0°C. The supernatant. contain- 
ing 1-2 mg/ml of protein. was added to a re- 
action mixture containing 0.03 31-6-P and 0.1 
&I acetate buffer. Protein concentration w a s  

*The authors express their appreciation to Boyd 
Howcll for technical assistance. 

determined by the method of Lowry( 10). 
-1liquots for analyses were removed at appro- 
priate intervals and total incubation period 
was 10 min a t  38°C. A linear relationship 
hctween enzymatic activity and time of in- 
cul)ation was obtained. Since an activity 
niasimum was observed a t  pH 5.4 to 5.5 with 
both 0.1 31 acetate buffer and 0.1 31 tris-maIe- 
ate buffer, the reaction mixture was adjusted 
to pH 5.5. A unit of enzyme activity is de- 
fined as that which produced 0.1 pmole F-6- 
I’ mg protein ’10 min. The barium salt of 
11-6-1’t was freed of barium by treatment 
with excess sulfuric acid and, within sensitiv- 
ity of the Roe method(8), was free of F-6-1’. 

Rrsults. &All normal and malignant tissues 
.studied had PillT activity and the data are 
summarized in Table I. PMI activity of the 
Jensen sarcoma and Walker tumor was the 
same as that of kidney or brain but was sig- 
nificantly higher than the activity of muscle 
ant1 spleen. Since both of these tumors were 
grown as intramuscular transplants and mod- 
erate contamination with muscle tissue was 
inevitable, PA11 activities reported may be 
conservative. 

Altholugh characteristics of PRlI from rab- 
hit muscle ( 1 1 ) , brewers yeast ( 7 )  and pig 
crj-throcytes ( 1 2 )  were reported, this enzyme 
from nialignant tissues has received limited at- 
tention. Thus, purification and inhibition 
.studies were conducted with the I’M1 from the 
jyalker turnor. Successive fractionations with 
ammonium sulfate resulted in an approximate 
20-fold increase in activity; however, exten- 
sive contamination with phosphoglucose iso- 
tnerase ( K I )  persisted. Methanol fractiona- 

t Nutritional Biochemicals Corporation, Cleveland, 
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tion which was used successfully to separate 
brewers yeast PMT from PGI( 7 ) ,  yielded high 
purification of PGI but was ineffective for 
I’hR11. Activity was completely inhibj ted by 
5 x 10 ri M p-chloromercuribenzoate, and ac- 
tivity was partially restored with cysteine. 
Partial inhibition was observed with o-phe- 
nan throline and ethylenediaminotetraacetate. 
These observations indicated that PMI’ of the 
Walker tumor required free sulfhydryl groups 
and divalent ions for maximum activity. Simi- 
lar requirements were reported for pig eryth- 
rocyte PMl( 12) .  

TA J3T,F: 11. P ~ i ~ s ~ ) ~ i o ~ i : i r i r i ~ ~ ~  Isomerase Activity 
of Hepa to rx i s  anil l i v e r .  

No. of 
ok)spr- PMI :ictivity, 

Tissue vat i 011s eiiayxrte units x 

Ehzyrnr uiiit-See text. 
t Rigiiificuntly differciit (0.01 Pj t,linn valiic f o r  

$ Initially induced with 3’-Me-T)AE ;lad cariiril 

Comparison of malignant tissue with its 
normal tissue of origin was achieved by 
determining PMI activity of normalt liver, 
primary hepatomas and transplanted hepa- 
tomas. The data are sholwn in Table 

liver. 

iiiow than  50 transplant generations. 

$ The authors are grateful to Tlr. E. S. Trvine for 
microscopic examinations. 

TT.  Ncither the Novikoff hepatoma nor 
primary lesions intlucetl with 3’-Me-IlA 13 
showed 1’11.1 1 activity differing appreciably 
from I’M1 activity of normal liver. On the 
other hand, the transplanted 3’-Me-I)AK he- 
patoma had an activity considerably higher. 
T t  would appear that either (a)  PMI activity 
of the original 3’-Me-I)AB hepatoma in- 
creased during subsequent transplantation or 
(b)  that different hepatomas were induced 
with the same carcinogen. A similar enzy- 
matic distributioa was reported in a study of 
adenylic acid deaminase activity oiE primary 
and transplanted hepatomas ( 5 ) .  

I’M1 activity of liver tissue adjacent to pri- 
mary lesions was lowered 50% compared to 
normal liver. Since microscopic study:: re- 
vealed foci of malignant cells in this tissue, 
the reductions in PMI activity may have been 
conservative. These data suggested that PMI 
activity of normal liver may undergo’ changes 
during carcinogenesis and prior to demon- 
strable neoplasia. 

Summargf. Homogenates of normal and 
malignant tissues were centrifuged a t  18,000 
g and the phosphomannose isomerase (€‘MI) 
activity of the supernatants determined. PM 1 
activity of Jensen sarcoma and Walker car- 
cinosarcoma 256 was equivalent to that ob- 
served in kidney or brain, but was higher than 
the activity of muscle. Activities in primary 
hepa tomas, induced with 3’-me thyl-4-dime- 
thylaminoazobenzene (3’-Me-DAB) and the 
Novikoff hepatolma were equivalent to that of 
normal liver. A transplanted 3’-Me-DAB he- 
patoma had PMI activity 2-fold higher than 
normal liver, while activity in liver tissue adja- 
cent to primary hepatomas was approximately 
half that observed in liver. The enzyme from 
the Walker tumor was inhibited by o-phenan- 
t hroline, et h ylenediaminote traace ta te and p -  
chlorcmercuribenzoate (CMB) . CMB inhi- 
bition was partially reversed by cysteine. 

1. Warburg, O., J .  Cancer Research, 1925, v9, 148. 
2. Brin, M., McKee, K. W., Cancer Research, 19.56, 

3 .  Yushok, W, D., ibid., 1959, v19, 104. 
4. Kizer, n. E., McCoy, T. A., ibid., 1959, v19, 

5 .  Chan, S. K., McCoy, T. A., Kizer, D. E., PROC. 

v16, 364. 

30’1. 

SOC. EXP. Bror,. AND MED., 19.59, v100, 420. 



Do Mitochondria Participate in General Cardiac Hypertrophy?+ (25666) 

It is known that muscles which have a con- 
5tant heavy amount of work, such as the 
breast muscles of birds have a very high den- 
sity of mitochondria, while muscles with a 
lighter work load tend to have fewer mito- 
chondria per unit of muscle mass( 1.2 ') . In 
muscles with a rich supply of mitochondria, it 
is possible that the increased number of mito- 
chondria is determined by forces a t  work dur- 
ing embryological development I or that the 
increased number of mitochondria in these 
particular muscles is an adaptation to their 
heavy work load. It therefore seemed of in- 
terest to find out how much of an adaptive in- 
crease of mitochondrial mass occurs in a typi- 
cal mammalian muscle which has undergone 
hypertrophy to meet an increased work load. 
Our model for muscle hypertrophy was the 
marked hypertrophy of the wall of the left 
ventricle which occurs in the rat  following pro- 
duction of experimental renal hypertension. 

iMeihods. A number of normal Ii'istar rats 
were divided into 2 groups. One group with 
12 rats was left intact. This group had blood 
pressures ranging between 89 and 136 mm Hg. 
I n  the second group: one renal artery of each 
ra t  was narrowed with a silver clip. Six 
months later, 14 of the rats with the narrowed 
renal artery had developed moderate to se- 
vere hypertension, as determined by a micro- 
phonic manometer (3) .  Blood pressure was 
taken on a t  least 3 separate days within the 
week prior to killing the rat. The  hyperten- 
sive rats with blood pressures ranging between 

* Supported by grant from Am. Heart Assn. anti 
froni Nat . Heart Tnst. 

1 7 1  and 230 mm Hg were culled out to be 
compared with the ccmpletely normal, intact 
rats. Arterial pressures averaged 196 for hy- 
pertensive rats and 119 for normotensive rats. 
Our procedure for assessing degree of hyper- 
trophy of the different fractions of the heart 
was as follows: The  animal to be killed was 
anesthetized with ether and weighed and the 
heart promptly excised. All the blood was 
blotted from the cardiac cavities, and the right 
ventricular wall was trimmed away, as well as 
both atria, leaving only the left ventricular 
wall and the interventricular septum. The  
left ventricle which remained was quickly 
weighed on a torsion balance, and diced into 
cubes 1 16th of an  inch in size. The  cubes 
were then suspended in .25 molar sucrose con- 
taining .01 molar versenate in a Potter-Elveh- 
jem homogenizer. The  heart tissue was ho- 
mogenized for 5 minutes while the homoge- 
nizing solution was kept at about 2°C. The  
homogenate and rinsings were then added to a 
precooled lusteroid tube, and spun in a 
Spinco Model L Centrifuge a t  600 g for 1 2  
minutes. The  supernate from this spinning 
was transferred to another precooled lusteroid 
tube. The  precipitate was resuspended in .25 
molar sucrose and spun for another 15 min- 
utes at  600 g. The supernate from this spin- 
ning was added to the other supernate fraction 
and the precipitate was again resuspended in 
.25 molar sucrose and the mixture spun a t  600 
g for one more time. This supernate was then 
added to the other 2 supernates to comprise 
the total mitochondrial fraction. The  com- 
bined supernates containing the mitochondrial 


