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An in vitro Eft'ect of 
Vitamin D on Citrate Oxidation 
by Kidney Mitochondria 

T h e  possibility that an in vitro effect 
of vitamin D may bc demonstrable ap- 
pears evident from the effects on citrate 
metabolism which have been reviewed 
in recent publications (1,2 ) .  I n  these it 
was reported that additions of vitamin 
D to rachitogenic and nonrachitogenic 
diets reduced the oxidation of citrate by 
kidney homogenates and mitochondria, 
thereby accounting for an increase in 
the citrate content of certain tissues and 
an increase in the citrate excretion in 
urine. Lately, we have succeeded in 
demonstrating a reduction in citrate 
oxidation by kidney mitochondria when 
vitamin D was added in vitro. 

Young, male rats of the Sprague-Daw- 
ley strain were made vitamin-D deficient 
by the feeding of either a rachitogenic 
or a nonrachitogenic diet as described 
earlier ( I ) .  They were killed by decapi- 

Table 1. The in vitro effect of vitamin D 
on the oxidation of various substrates by 
kidney mitochondria. 

With-
out 	 With De-

vita-Substrate vita- crease 
min D 	 min D* 

( %  
(11.10 2 )  

(11.10 2 )  

Citrate 85 
Isocitrate 81 
a-Ketoglu-

tarate 75 
Glutamate 69 
Succinate 115 
0-Hydroxy-
butyrate 35 

Pyruvate plus 
oxalacetate 88 

* O n e  hundred and twenty-five micrograms of 
vitamin D, in 0.05 ml of propylene glycol per 
flask; other flasks received 0.05 ml of propylene 
glycol alone; 0.7 mg of mitochondrial nitrogen was 
added to each flask. 

tntlorl, d r ~ dkldney rnltochondrla were 
prepared, essentially by the method of 
Schneider ( 3 ) .  

m 
I he oxidations were carried out in a 

\\'arburg apparatus at 30°C with air as 
the gas phase. T h e  incubation mixture, 3 
ml in volume, contained 40 ymole of 
phosphate buffer ( p H  7.3),  20 ,urnole of 
MgCl,, 6 ,urnole of adenosine triphos- 
phate, 0.08 ymole of cytochrome c, iso-
tonic sucrose, and the indicated addi-
tions. Fortv micromoles of ~ lucose  and " 
excess hexolrinase (Sigma) were added 
from the side arm of the flasks to pre- 
vent limitation of oxidation by a lack of 
phosphate acceptor ( 4 ) .  All substrates 
were added in amounts of 15 umole. ex- 
cept citrate and succinate, which were 
added a t  45 ymole, and oxalacetate, 
which wr2s added a t  10 ymole with an 
addition of 15 ymole of pyruvate. 

When desired, the flask contents, prior 
to and following incubation, were depro- 
teinized with 10-percent trichloroacetic 
acid. The  filtrates, for the calculation of 
P/O ratios, iverc analyzed for P by the 
method of Lowry and Lope? ( 5 ) .C'ltrate 
was determined by the method of Speck, 
Moulder, and Evans ( 6 ) ,and keto acids 
bv the method of Friedmann and Hauqen 
( 7 ) .  Vitamin D and other compounds 
tested for their effect were added in pro- 
pvlene glycol or occasionally in the 
ethanol-serum albumin-phosphate buf-
fer suqpension of Nason and Lehman 
(8) .  In  all cases, only 0.05 ml of each 
of these preparations was added to the 
contents of a flask. Control flasks re-
ceived an equivalent amount of appro- 
priate carrier. 

T h e  comparative effect of vitamin D 
on the oxidation of various substrates 
(Table 1 )  clearly shows that vitamin D 
had a pronounced effect on citrate and 
isocitrate oxidation. Its effect on gluta-
mate oxidation was small, but siqnificant, 
while on the oxidation of u-ketoglutarate, 
succinate, 0-hydroxybutyrate, and on py- 
ruvate in the presence of oxalacetate, it 
had little or no effect. I t  is interesting to 
note that only the triphosphopyridine 
nucleotide systems are affected if one 
considers glutamate oxidized by both tri- 
and diphosphopyridine nucleotide path- 
'r? a1 s. 

Table 2 illustrates the action of vita- 
min D in reducing citrate oxidation and 
a-ketoglutarate production while not af- 
fecting 	 coupled phosphorylation effi-
ciency to any degree. 

I n  experiments not shown here, vita- 
mins D, and D,, when added in vitro in 
either of the carrier systems used, were 
equally active in reducing citrate oxida- 
tion, while equal quantities of 7-d~hydro-  
cholesterol, ergosterol, AT-cholestenol, 
and cholesterol were inactive. However, 
it should be noted that in view of the 
different solubility characteristics of the 
sterols as compared with vitamin D, the 

Table 2. The in  uitro effect of vitamin D 
on the accumulation of a-ketoglutarate 
during citrate oxidation. The values rep- 
resent an average of at least six determi- 
nations. 

u-Keto-
Ci- Oxy- glutam 

trate gen 
oxi- con- rate 

P/Oaccumu-
dized sumed lated 
(ug )  ( 1 1 . 1 0 2 )  ( yg )  

Without 
vitamin D 630 83 14.4 3.0 

With vita- 
minD2* 180 46 8.5 2.7 

* O n e  hundred and twenty-five micrograms of 
vitamin D, in 0.05 ml of propylene glycol per 
flask: other flasks received only 0.05 ml of glycol; 
0.7 mg of mitochondrial nitrogen was added per 
flask, and the oxidation was continued for 10 
minutes. 

possibility that they did not enter the 
mitochondria cannot be ruled out. 

T h e  possibility that the resulting ac-
cumulation of citrate in kidney, and pos- 
sibly in other tissues, may be an  impor- 
tant factor in calcium transport and 
deposition appears increasingly alluring. 
Studies on these phases are in progress, 
especially with relation to specific en-
zyme systems. 

HECTORF. DE LUCA 
HARRY STEEXBOCK 

Department of Biochemistry, 
College of Agriculture, 
University of Wisconsin, Madison 
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Insect Nutrition and 
Metabolism of Sterols 

T h e  importance of cholesterol and re- 
lated steroids in insect nutrition was first 
demonstrated in 1935 ( I ) ,  and it is now 
well established that insects in general 
require a dietary sterol ( 2 ) . T h e  insects' 
nutritional requirement for sterols is in- 
dicative of an inability to synthesize the 
steroid nucleus, a t  least in physiologi-
cally adequate amounts. This character- 
istic is in  direct contrast to that of the 
higher animals, in which steroids are 
apparently synthesized from simple com- 
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pounds such as acetate (3) .The specific- 
ity of the insect requirement for sterols 
has been subiected to detailed investi- 
gation by a number of workers, and 
some of the important configurational 
requirements have been elucidated ( 3 ) .  

The metabolism of sterols by insects 
has been investigated much less inten- 
sively than have the nutritional aspects. 
Woland ( 4 )  postulated that certain nu-
tritionally inadequate sterols could not 
be utilized by the insect because they in- 
hibited thc csterification necessary for 
assimilation from the intestinal tract. 
This hypothesis was not well supported 
by the results of a study of the struc- 
tural specificity of sterol esterification in 
uitro by cockroach gut homogenates ( 5 ) .  
Using larvae of Callosobruchus chinensis 
L. (cow pea weevil), Ishii (6) found that 
both tetrahydrostigmasterol and epicho- 
lestanol were nutritionally adequate for 
larval growth. Analyses of the sterols 
contained in the tissues of larvae that 
were fed on diets containing either of 
these unnatural compounds as the only 
dietary sterol indicated that the sterol 
nuclei had not been metabolically al-
tered. Ishii concluded that the larvae 
were able to utilize tetrahydrostigma-
sterol without in uiuo dehydrogenation 
at C, and C, and that they could utilize 
epicholestanol without isomerization of 
the hydroxy at  C,. 

That an animal could be so loosely 
organized that a variety of sterols could 
be utilized at a cellular level without 
first being subjected to metabolic con-
version into steroid compounds typical 
of the tissues seemed highly unlikely to 
us. A study was, therefore, undertaken 
of the effect of dietary sterols on tissue 
sterols in larvae of the confused flour 
beetle, Tribolium confusum Duval ( 7 ) .  
In these experiments, the beetle larvae 
were reared from egg to larval maturity 
on synthetic diets to which known 
amounts of pure sterols had been added. 
The sterols used were cholesterol, 7-
dehydrocholesterol, dihydrocholesterol, 
sitosterol, and ergosterol. The h ~ s a l  syrl- 
thetic diet was composed of sterol-free 
fibrin, vitamin test cascin, soluble starch, 
inorganic salts, and a mixture of ten B 
vitamins. 

Before analysis, the larvae were held 
for 24 hours on a sterol-free diet to min- 
imize interference from sterols contained 
in the gut contents. The larvae were then 
homogenized and extracted with a l / 1  
mixture of acetone and absolute alcohol. 
Sterols were precipitated with digitonin. 
A modified Schoenheimer-Sperry rc-
agent was used for color development, 
and absorbance after 1.5 and 33 minutes 
was measured at 620 mp with a Beclr-
man DU spectrophotometer. This pro-
cedure allows an estimation of those 
sterols which develop maximum color at 
1.5 minutes (A5, 7)  and of those that 
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develop color rnaxlmum d r  dhout 33 
minutes (A5 )  (8 ) .  

In  the present study, 7-hydrocholes- 
terol and cholesterol were used as stand- 
ards for the "fast" and "slow" sterols, 
respectively. This analytic method does 
not permit estimation of sterols which 
either do not precipitate with digitonin 
or do not develop color with the Schoen- 
heimer-Sperry reagent. In order to char- 
acterize further the "fast" and "slow" 
sterols found in the tissue extracts, and 
in order to detect sterols not detectable 
by the chemical method, a paper chro-
matographic method was employed. The 
method of McMahon et al. (9 )  was 
modified for this purpose. Whatman No. 
1 filter paper was used, with antimony 
pentachloride in chloroform as the chro- 
mogenic agent. The method was stand-
ardized, employing 7-dehydrocholesterol, 
cholesterol, sitosterol, and dihydrocho-
lesterol. With an ascending solvent mix- 
ture of 13 parts phenol, 30 parts metha- 
nol, and 57 parts water applied in one 
direction and a 14/45/41 mixture in 
the second direction, a two-dimensional 
chromatogram was obtained in which 
the several sterols were clearly sepa-
rated. 

Larvae grown on a natural diet 
(graham flour) and larvae grown on 
synthetic diets (each containing one of 
the pure sterols) were analyzed by both 
chemical and chromatographic methods. 
All experiments were replicated three 
times, and all analyses were run in dupii- 
cate. In  every case, the principal tissue 
sterol present was a "fast" sterol which, 
by both its rate of color development 
with the Schoenheimer-Sperry reagent 
and its position on the paper chromato- 
gram, was indistinguishable from 7-dtl-
hydrocholesterol. Regardless of the iden- 
tity of the dietary sterol, this tissue sterol 
was present at concentrations between 
850 and 900 wg/g of tissue. In all larval 
samples, a second sterol was also found, 
in amounts from 410 to 450 wg/g, and 
was chemically and chromatographically 
indistinguishable from cholesterol. No 
other tissue sterols were detected in 
amounts that permitted reasonably good 
identification. Chemical and chromato- 
graphic analyses of larvae from the dif- 
ferent diets showed no differences at-
tributable to the identity of the sterols 
in the diets. 

Experiments were also set up in which 
beetle larvae were started on synthetic 
diets containing either no sterol or one 
of 	 the nutritionally inadequate sterols, 
such as calciferol, progesterone, and 
testosterone. On these diets, however, no 
larval growth occurred, and none of the 
insects could be recovered and analyzed. 
Dihydrocholesterol diets did not promote 
optimum larval growth, although suffi- 
cient numbers of larvae were obtained 
to 	run the required analyses. 

The results obtained in this study 
clearly indicate that Tribolium confu- 
sum larvae can metabolize dietary sterols 
to the extent of altering the side chain 
and the degree of saturation in the B 
ring of the nucleus. The nutritional ade- 
quacy of different steroid compounds is 
probably determined largely by the abil- 
ity of the insect tissues to convert them 
into cholesterol and 7-dehydrocholeste-
rol or compounds so closely related to 
these that they could not be di.tinguished 
f ~ o m  them by the methods employed in 
this study. 

STANLEYD. BECK 
GEETA G. KAPADIA 

Department of Entomology, 
University of Wisconsin, Madison 
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Cytolysis versus Differentiation 

in Antineurulla Serum 

Complex antigenic mixtures derived 
from various developmental stages of 
Rana pipiens are being studied ( I )  in 
an analysis of the chemical patterns of 
ontogeny (2 ) .  Antigens were prepared 
from entire neurulae (Shumway stages 
14 and 15) by a standardized homogen- 
ization in a Ten Broek tissue grinder 
with 0.05M phosphate-buffered saline at 
pH 7.4, and collection of the super-
natants following centrifugation at  1500 
g with final clearing at 10,000 g ( 3 ) .  
Such supernatants, containing 1.6 to 2.0 
mg of total N per milliliter, were emul- 
sified ( 4 ) , and quantities containing 0.2 
ml of the antigenic mixture were in-
jected under each scapula of four 
American chinchilla rabbits. Antisera 
were collected at  periodic intervals and 
screened, using the interface precipitin 
reaction and the Ouchterlony agar dif- 
fusion technique ( 5 ) .  A representative 
antiserum, collected 4 months after in- 
jection, yielded a positive antigen dilu- 
tion titer at 0.2 pg of N per milliliter. 
Similar titers were obtained with y-glob- 
ulin fractions prepared by a cold ethanol 


