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TABLE 111. Stailling Properties of Poliovirus 
cp X 174 and Polyoma. 

~~~ ~~ ~~ ~ ~~ 

Nuclease susceptibility 
Fixed Color devel- Proteolytic 

virus con- oped with DNA- RNA- enzyme 
centrate A 0  staining ase ase necessary 

~~ 

- 
- 

Poliovirus Flame red - + 
9 X 174 ” ” + -  
Polyoina Yellow green + - + 
which included both plaque and hemagglu- 
tination assays. 

Droplet preparations of this purified p l y -  
oma virus suspension were fixed 30 minutes 
in Carnoy’s fluid and stained with 0.01% 
acridine orange at pH 3.8. The staining 
technic and relevant enzyme digestion tests 
have been described in detai1(8,6). Simul- 
taneous staining of purified preparations of 
bacteriophage CP >( 174(6) and poliowirus 
(8) was carried out as a control. The remits 
are shown in Table 111. It would appear that 
the nucleic acid present in polyoma is DNA, 
and that in the mature virus particle it exists 
in the double-stranded .form. 

It may be argued that a DNA virus repli- 
cating in the nucleus could possibly adsorb 
to its surface sufficient cellular DNA to give 
a double-stranded color reaction in the stand- 
ard acridine orange test. To clarify this 
point, 3 unfixed droplet preparations were 
first incubated in DNAase (0.01% in veronal 
buffer) for 10 minutes, 1 hour and 2 hours 
respectively. They were then r i n d  in dis- 
tilled water, fixed in Carnoy’s and stained 
as above. All preparations developed an 

equally brilliant yellow green color only 
slightly less in intensity than the untreated 
specimens. I t  woud appear that there is 
some cellular DNA adsorbed to the virus 
particle but that this amount is readily and 
rapidly removed by nuclease digestion leav- 
ing the reaction of the intact virus particle 
essentially unchanged. 

Summary. Preparations of polyoma virus 
purifkd by CsCl isodensity centri‘fugation 
stained yellow green at pH 3.8 with 0.01% 
acridine orange. Pretreatment with a pro- 
tmlytic enzyme was necessary M o r e  devel- 
opment of the stain cauld be inhibited by 
DNAase. RNAase had no effect on similar 
preparations. These characteristics are con- 
sistent with the identification of the nucleic 
acid of polyoma virus as a double-stranded 
DNA. 
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An elevated excretion of amino acids in 
the urine of r h i t i c  children was first ob- 
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the Wisconsin Agricultural Experiment Station. We 

by Hattinger(l). ~ ~ ~ ~ d ~ ~ b ~ ~ ~  and 
Goetz(2 ) later demonstrated that this 
be reversed by a single ~ ~ i v e  d a e  of Vita D. 
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However, Jonxis et al. ( 3 ) ,  who also reported experiments. 
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an increase in free and bound urinary amino 
acids in rachitic children, found that this in- 
creased excretion did not return to normal 
for 3 to 4 weeks after treatment with Vit. D. 
It was therefore obvious that this effect of 
the vitamin lags far behind its effect on the 
calcium and phosphorus levels of plasma and 
initiation of healing of rickets. Jonxis and 
Huisman(4) more recently concluded that 
the increased excretion was not the result of 
a metabolic disturbance but rather of a de- 
fective tubular reabsorption, since plasma 
amino acid levels were unchanged in rickets. 
Nevertheless these investigators considered 
the aminoaciduria to be a primary effect af 
Vit. D deficiency. Many studies on amino 
acid excretion have since appeared and have 
been carefully reviewed elsewhere (Lathem 
et al. ( 5)  , Jonxis (6) , Evered ( 7 ) ,  Harrison 
and Harrison (8), and Harris (9) ) . 

In this laboratory, the search for a meta- 
bolic action of Vit. D has led to a study of 
amino acid metabolism in rats fed various 
diets with and without Vit. D. This paper 
reports results which show clearly that 
aminoaciduria does not occur in rats deficient 
in Vit. D. 

Methods. Thirty-day-old male albino 
rats of the Holtzman strain weighing 65-85 g 
were used in all experiments. They were 
housed in overhanging wire cages during the 
first 3-day period and given food and distilled 
water ad libitum. They were then placed in 
wire metabolism cages and were transferred 
to separate feeding cages *for 3 one-hour pe- 
r i d s  daily during which time they had ac- 
cess to unlimited quantities of food unless 
otherwise indicated. Urine collections were 
made during the 7th-9th, lOth-l2th, and 
13th-15th days of experiment. Urine was 
collected under a layer of toluene and feces 
were retained on wire screens attached to the 
bottom of the cage. At  the end of an ex- 
periment, the rats were killed by a blow on 
the head followed by severing of the carotid 
artery. When desired, blood was collected 
in 15 ml centrifuge tubes. Finally, the ra- 
chitic state of the rats was estimated by fe- 
mur ash determinations and by silver nitrate 
staining sf sectioned radii ( 10). 

Free alpha amino nitrogen was measured 

by the method of Van Slyke et al. ( 1 1 ) , Serum 
alpha amino nitrogen according to the meth- 
od of Hamilton and Van Slyke( 12), urinary 
phosphorus by the method of Fiske and Sub- 
barow( 13) following digestion with concen- 
trated nitric and perchloric acids, and crea- 
tinine according to the method af Owen et 
al. ( 14). Individual urinary amino acids 
were identified and determined quantitatively 
by ion exchange chromatography according 
to the method of Moore et aZ.( 15) with the 
Beckman/Spinco Amino Acid Analyzer ( 16). 

All rats were fed essentially the basal diet 
of Bellin and Steenbwk(l7) which contains 
D-glucose monohydrate (Cerelose) 67%, 
steamed egg white 18%, cottonseed oil ( W e -  
son) lo%, roughage (Celluflour) 376, a l -  
cium and phosphorus free salts 276, and 
crystalline vitamins. In  addition the rats 
received orally a fat soluble vitamin mixture 
dissolved in cottonseed oil (Wesson) which 
supplied 70 pg of /3 carotene, 875 pg af a 
tocopherol, and 105 pg of menadione to each 
rat per week. In  each experiment, one-half 
the rats received orally 75 i.u. of crystalline 
Vit. D2 (calciferol) in cottonseed oil per rat 
every 3 days. The desired levels of calcium 
and phosphorus in the diet were achieved by 
addition of CaC03 and/or an equimolar mix- 
ture of KH2P04 and K2HP04 at the expense 
of the Cerelose. Diet 11 was non-rachito- 
genic (0.45% Ca and 0.3% P) ,  diets 23 
(0.45% Ca and 0.02% P) and 34B (0.02% 
Ca and 0.02%P) were strongly rachitogenic 
while diet 11D (0.02% Ca and 0.3% P )  pro- 
duced the low calcium Vit. D deficiency syn- 
drome in agreement with the results of Steen- 
bock and Herting(l0). Diet 24 (1.5% Ca 
and 0.12% P) was another strongly rachito- 
genic diet in which vitamin-free casein (Gen- 
eral Biochemicals Inc.) plus 0.2% L-cystine 
served as the protein source. Severe rickets 
was produced by this diet in agreement with 
the results of Guroff ( 18). 

Results and discussion. Although there 
have been numerous reports of aminoaciduria 
in rachitic infants and dogs, studies with 
rats have been lacking. In  the many experi- 
ments conducted, we were unable to demon- 
strate a significant elevation of free alpha 
amino nitrogen in urine of rachitic rats above 
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TABLE I. Urinary Free Alpha Amino Nitrogen from Rats Fed Various Diets with and without 
Vitamin D.” 

mg a-amino nitrogen/100 g mg a-amino nitrogen/mg 

Ad libitum Pair fed Ad libitum Pair fed 
rat/3 days creatinine/3 days 

-D +Dt -D +Dt -D +Dt -D +Dt 

Diet 24 (1.5% Ca + .12% P)$ 3.3 3.7 3.1 3.3 .6 .4 .6 .4 
” 23 ( .45% Ca + .02% P) 6.3 5.3 
” 34B ( .02% Ca + .02% P) 4.4 4.4 4.7 4.2 .6 .5 .6 .5 

” 11 ( .45% Ca + .3% P )  3.3 4.0 3.1 4.4 .5 .6 .5 .6 

- -  .6 .5 - -  

” 11D ( .02% Ca + .3% P) 2.1 3.3 1.9 2.1 .3 .4 .3 .3 

* Values are avg from at least 6 animals fed the various diets for 12 days. 
t Seventy-five i.u. of vit. D, (calciferol) in Wesson oil was given each rat every 3 days. 
$ Protein source was casein plus 0.2% L-eystine. 

that in the urine of their Vit. D supplemented 
controls, in contrast to a previous report( 19). 
Typical results of those obtained are shown 
in Table I. I t  is clear that only slight eleva- 
tions were found in urinary alpha amino ni- 
trogen when the potent rachitogenic diets 23 
and 34B were fed. In a further effort to si- 
mulate dietary conditions associated with in- 
fantile rickets more closely, the protein 
source was changed to casein plus cystine and 
calcium level was elevated to insure rachito- 
genesis. Again, no aminoaciduria was evi- 
dent (diet 24). These results contrast 
sharply with those obtained with human rick- 
ets in which a 3- to 4-fold elevation of alpha 
amino nitrogen occurs( 20). 

The problem of changes in food consump 
tion and animal size is a major consideration 
in studies such as these despite the expression 
of amino nitrogen values on an equivalent 
rat weight basis. To overcome such criti- 
cism, rats on the various diets tested were 
pair-fed with their Vit. D supplemented con- 
trols and amino nitrogen excretion was ex- 
pressed on either a rat weight basis or a 
urinary creatinine basis. In these experi- 
ments (Table I) it was even more evident 
that aminoaciduria does not occur in rat 
rickets (diets 23, 34B or 24) or when either 
a non-rachitogenic (No. 11) or a low Ca 
(No. 11D) diet is fed. Our results, therefore, 
do not support the belief of Jonxis et aL(4) 
that aminoaciduria is a primary effect of Vit. 
D deficiency. 

The difference between human and rat 
rickets with regard to aminoaciduria aroused 
some interest. The existence of a defective 
tubular reahsorption of phosphate in rachitic 

infants and dogs has been known for some 
time(21). In agreement with others(22), re- 
sults shown in Table TI demonstrate that ex- 
cessive urinary excretion of phosphate is not 
found in rachitic rats. It may be a coinci- 
dence that rats and humans differ in bath 
amino acid and phosphate reabsorption in 
rickets; however, a possible relationship be- 
tween phosphate and amino acid reabsorption 
in the kidney tubules may provide insight in- 
to this problem. 

I t  appeared possible that aminoaciduria in 
rat rickets might be masked by excessive ex- 
cretion of a single amino acid which might 
be unaffected by Vit. D. The amino acids 
from rachitic and Vit. D supplemented rats 
were therefore determined qualitatively and 
quantitatively by ion exchange chroma- 
tography. Jonxis and Huhnan(23) have 
reported large losses of serine, threonine, gly- 
cine, alanine, histidine, lysine, and bound 
glutamic acid in urine of rachitic children. 
Our results shown in Table I11 clearly reveal 
that in rat rickets no marked increases occur 
that might be classified as an aminoaciduria. 
I t  should be noted that the relatively large 
increase in cystine excretion wcurred with 
the diet (No. 24) supplemented with 0.276 

TABLE 11. Urinary Phosphorus of Rats Fed 
Rachitogenic Diets with and without Vitamin D.” 

mg/rat/6 days 
-D +Dt 

Diet 23 (.45% Ca + .02% P) .8 1.0 
” 34B (.O2% Ca + .02% P) 1.0 1.0 

* Values are avg from 8 rats fed their respective 

t Seventy-five i.u. of pit. DJrat every 3 days. 
diets for 12 days. 



108 URINARY AMIK o 

~~~ 

Aspartic acid 1 .i 3.1 1.4 2.1 

Serine, glutaminc S; 9.2 5.:) 7.9 6.S 

Proline, citrullinv 4.1 2.9 4.8 3.4 
Glycinc 14.i 17.5 10.9 11.9 
Alaniiie 6.8 1 i . i  5 . i  6.6 
Methioni 11c 2.3 1 .(i 2.0 I .9 
Valine 1.4 .8 1.1 .!f 

6 )  0 4 j . 7  2;i.t’ Cyst i 11c - 
.> .) 1 *’; 1 soleucincb 1.8 1.3 -.- 

Leucine 7 .(i 1 . t i  1.5 1 .n 
‘1’ y rosi iiv 1.2 .9 1.1 1 *o 
Plieiiyl:ilaui~ic 1.2 .9 .8 1.1 
Lysine, ornitliiiic 1 .‘T lj.2 4.6 ti.1) 
Histidine 5.7 3.6 1.4 2.2 
Arginine 3.0 3.5 2.7 3.2 
Methioiiine sulfos- 16.0 12.7 3.9 3.f; 

Total 8(i.(i 8.5.4 111.6 8i . i  

Threonine 3.5 3.3 ,j.O 4 . f ~  

nsparagiiic 
Glutanic acid 11.0 13.0 6.9 i . 0  

-.- 

i cles 

~~ 

.r V:ilucs reprcscilt oiic aiidysis of a poo l~d  
s,zmple from 10 rnts fed tlicir respective diets fo r  
10-12 days. 

t Seventy-five i.u. of vit. D,/rat every 3 days. 
$ Casein plus 0.2y0 cystine served as protein 

source. 

L cystine. Since no significant effect of Vit. 
D deficiency on excretion of this amino acid 
occurred with all the other diets tested, which 
contain adequate amounts of cystine in the 
protein ‘form, this was not looked upon as an 
aminoaciduria associated with rickets. Simi- 
lar results, not shown, were also obtained 
with the other diets (Nos. 34B. 11 and 11D) 
tested. 

Free alpha amino nitrogen as 
well as individual amino acids have k n  de- 
termined in urine of rats fed various diets 
with and without Vit. D. In contrast to in- 
fantile rickets, no aminoaciduria occurs in 
Vit. D deficiency whether strongly rachito- 
genic or non-rachitogenic diets are fed. Fur- 
thermore, a rachitogenic casein diet also pro- 
duced no aminoaciduria. 

Sunzmary. 
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