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increased adrenocortical secretion. Since 
Romanoff et  aZ.( 16) have observed that the 
excretion of adrenocortical steroids in man is 
greater during the morning and the rest of 
the day than during sleep, and that this 
excretion of steroids undergoes a constant di- 
urnal variation, it mighrt be postullated that 
the decrease in the level of plasma iron during 
the day may be associated with the increase 
in adrenocortical activity and similarly that 
the increase in the plasma iron during sleep 
may be associated with the decrease in the 
secretion of cortical hormone. However, it  
has been observed that the levels of eosino- 
phils and lymphocytes in the peripheral blood 
increase rather than decrease as the day pro- 
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gresses ( 17,18). Furthermore, two patients 
with Addison's disease whom we have studied 
showed a normal d5urnal variation in the level 
of plasma iron. There is even less evidence 
to  suggest that the decrease in plasma iron 
during the day is ldue to sympathetic tone and 
that its rise during the night is due to an  
increase in parasympathetic tone (8). Thus, 
the physiologiclal mechanisms responsible for 
the Idiurnfal variation in plasma iron of man 
remain obscure. 

Summary. It has been shown that the 
plasma iron of man undergoes a regular 
diurnal variation. These results have been 
compared with those of other investigators. 

We are indebted to Miss Helen Ashenbrucker for 
technical assistance as well as to the subjects who 
took part in this investigat.ion. 
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Conversion of 3-Phosphoglycerate to Phosphoenolpyruvate by Tissue 
Homogenates." (18103) 

ERNEST KUN 
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Louisiana, N e w  Orleans. 

A series of recent observations( 1-3) made 
it interesting to pursue the problem of regu- 
latory mechanisms of enzyme reactions par- 
ticipating in the glycolysis of Harden-Young 
ester. The present paper is a part of this 
study and describes a method for the deter- 
mination, of phosphopyruvate formation from 
3-phosphoglycerate, catalyzed by dilute tis- 
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sue homogenates. Evidence is also presented 
suggesting that this enzyme reaction might 
be under endocrine influence. 

Experimental. Two enzymes: phosphogly- 
ceromutase and enolase (4-6), are necessary 
to bring about the formation of phosphoenol- 
pyruvate from 3-phosphoglycerate. Both en- 
zymes are present in tissue htomogenates. The 
principle of the assay of these two consecu- 
tive enzyme reactions is the determination of 
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the formaltion of iodine labile phosphorus, 
wh'ich according to Luhman'n and Meyerhof 
(4) and Meyerhof and Oesper (7)  is a reliable 
measure of phosphoenolpyruvate. As pointed 
out by Lardy and Ziegler(8), alkali labile 
phosphates (triose phosphates) interfere with 
phosphopyruvate analysis. Since the pos- 
sibility of triose phosphate formation from 
3-phosphoglycerate in fresh tissue homoge- 
nates cannot be excluded, phosphopyruvate 
phosphorus was determined as the incremenit 
in inorganic phosphate, due to iodine treat- 
ment, ab'ove the inorganic phosphate present 
in the alkalinized samples. This procedure 
also includes the correction for inorganic phos- 
phate, formed during the imubatim period. 
The pH optimum for phosp'hoipyruvate for- 
mlation was found t s  be pH 6.8, whiich value 
agreed well with 'that reported by Warburg 
and Christian( 6) for crystalline enolase in 
the presence of inorganic phosphate and 
Mg" ion. The test was carried out in 
centrifuge tubes of 15 ml volume. The tubes 
containing the reaction mixture were incu- 
bated in a shaking device at 37°C for 10 min- 
utes prior to the addition of the enlzyme 
(0.1 ml tissue homogenate, equivalent to 1-5 
mg tissue). Each centrifuge tube contained 
0.5 ml 0.05 M potassium 3-phosphoglyceratet 
(brought to pH 6.8) + 0.5 ml trishydroxy- 
mlethyl-aminomiethane buffer (pH 6.8) (9) + 
0.2 ml 0.05 M MgS04 + 0.1-0.2 ml tissue 
holmogenate in 0.9% KC1+ 0.9% KC1 to 
make a final volume of 1.5 ml. At the end 
of the incubation period the reaction was 
stopped by the addition of 1 ml of 1 N tri- 
chloracetic acid, the precipitated proteins cen- 
trifuged down at 2,000 r.p.m. in an Inter- 
nlatioaal Centrifuge folr 15 minutes. For the 
determination of phosph op yruvate phosphorus 
a 0.2 mi sample of the trichloracetic acid su- 
pernate was pipetted into each of 2 colorim- 
eter cuvettes (Coleman spectrophotometer 
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Model 6-A). Thereafter 1 ml N KOH was 
added to each cuvette and 0.2 ml 0.1 N 
iodine solution (KI + 12) pipetted to one of 
the 2 (tubes. The tubes were shaken and 
allowed to stand a t  room temperature f'or 15 
minutes. To each cuvette 0.5 ml 5.0 N H2S04 
was then1 added and in the iodine treated tube 
itbe discharged iodine dmolorized by 0.2 ml 
0.1 N Na-thiosulpbate which was added, fol- 
lowed by vigorous shaking of the tube. This 
precaution was necessary Ito avoid occasional 
turbidity probably dcue to the precipitation 
of colloidal sulphur. In the tube which con- 
stzined no (iodine, equal volumes of distilled 
water were substituted for thle iodine and 
thiosulphate. Finally the contents of each 
tube were made up to 3 ml by the addition of 
0.9 ml distilled water. A reagent blank was 
always made up simlultan8eously, in whi& the 
0.2 ml trichlaracetic atrid1 supernate was re- 
placed by 0.2 d H20. The determination 
of inorganic phosph'ate was carried out by 
the methold of Gomori(l0) because, under 
the con'dition of this method, the molybdate 
color reaction was nlot altered either by the 
acidity or by the iodine-thiosulphate treat- 
ment, as determined by comparing $osphoms 
values of iodine Itreated and untreated samples 
(of a standard phosphate solution. The colmi- 
inletrilc phosphate analysis was carried out as 
follolws: 2.5 lml molybdate-H2S04 reagent 
and 1 d of Elm-bisulphite solution( 10) were 
pipetted to the cmtents of each colonimeter 
cuvette. After shaking the optical density 
was nead in 45 minutes at 660 m,p on the 
Coleman spectropholtometer. The phospho- 
pyrulvate phosphorus was calculated from the 
reading Idiffereme between the alkali and 
alkali + iodine treated cuvettes from a phos- 
phorus calibraliion curve. The iodinle labile 
phosphmus read in micrograms, multiplied 
by 12.5, gives the total amount of phos- 
phopyruvaite phosphorus present in the 2.5 ml 
trichloracetic x i d  treated incubation mixture. 
This vahe can be converted to phosphopyru- 
vic acid by multiplication by 5.9. 

Resalts and discussion. The rate of phos- 
phopyruvate formation was followed for 60 
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iiatca. NgSO, solution was replaced by 0.2 ml 
H,O. The rcaction was stopped at  15‘ intervals 
by tlic addition of trichloracetic acid. 

minutes using various tissue homogenates and 
extracts as the source of enzymes. A typical 
rate curve is presented in Fig. 1 where the 
activating effect of added Mgf+ ions can 
also be observed. A linear relationship was 
found between the amount of enzyme (ex- 
pressed in protein content of the tissue ex- 
tract) anld the amount of phosphopyruvic 
acid formed during a 15 minute incubation 
period (Fig. 2 ) .  Complete enzyme inhibition 
occurred when K a F  was present in 0.01 M 
final concentration. The  relative catalytic 
activity of various tissues could be compared 
by  determining the phosphopyruvic acid 
formed by 1 mg tissue homogenate during 15 
minutes incubafion. Organs of 5 male and 
5 female white rats, weighing between 250- 
340 g, were assayed by the described method. 
Results are summarized in Table I, where 
the mean values of determinations carried out 

on separate organs of 5-5 rats! the standard 
error (S.E.) and also the “t” values ( 11) 
existing between the means of comparablle 
male and female organs are shown. It is ap- 
pareat that from animal to animal, repro- 
ducible values can be obtained on the same 
urgans. Tbe phosphopyruvate formation by 
tissue homogenates of female organs was sig- 
nlificantly lower in all tissues except the 
adrenal as compared to male animals. In- 
terestingly, the activity of ovaries significantly 
exoeeds that of the testis ($-5OoJo “t”=3.66). 

I t  is well known that the formation of 
phosphopy ruvat e and the tr an’sphosp horyla- 
tion to the adenylic system(12-14) is an  im- 
portant step of glycolyslis since it is directly 

COR R E LATl  ON BET W E E N 
THE AMOUNT OF ENZYME AND 

RATE OF PHOSPHOPYRUVIC 
ACID FORMATION 
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FIG. 2. 

The enzyme was prepared by homogenizing 0.5 
g rat  brain cortex (male) in 10  ml 0.9% KCl and 
centrifuging at 14,000 X g for 20 min. at  0°C. 
Each test system (see text) contained 0.2 ml of 
the enzyme (supernate) which was serially diluted 
(1:l) with 0.9% KCl. The undiluted brain ex- 
tract contained 374 pg of protein per 0.2 ml. 
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TABLE I. Phospliopyruvic Acid Formation by Tissue Homogenates of Male and Female Rats. 
(Results expressed in  terms of phosphopyruvic acid formed by 1 mg tissue during 15' 

incubation). 
~~ ~ ~- 

Phosphopyruvic acid 
I' 1 

Male Female 
Organ Mean S.E. Mean S.E. % difference r r t "  values 

Leg muscle 
Heart  iiiuscle 
Kidne?- 
Liver 
Brain 
Spleen 
Thyroid 
Adrenal 
Testis 
Ovary 
Gterus 

418.0 19.80 

162.8 & 17.6 
174.8 3- 24.70 

58.1 3. 2.24 
68.7 -t- 5.55 
50.8 7.00 
72.4 3- 4.45 
54.3 2 9.53 
45.3 -L 6.75 
I 

I 

258.8 -C- 14.60 

72.7 -F 7.50 
36.36 r 3.38 
44.17 2 2.68 
31.72 3. 2.78 
49.57 3. 2.00 
38.92 -+ 6.20 

91.0 -t_ 10.5 
78.0 t 5.7 

100.1 -+ 16.30 

- 

-3 8 6.5 
-43 8.55 
-55.5 4.72 
-37.5 5.36 
-35.7 3.96 
-37.6 6.35 
-31.4 4.7 

(-2 8.4) 1.35 

S.E. = Standard error. 
5% liomogenates (0.1 ml) were used for  enzyme assays of liver, brain, spleen, thyroid, 

adrenal, testis, and ovary; 1% homogenatcs (0 .1  nil) for leg and heart muscle, kidney, and 
uterus. 

concerned wit% storage of readily available 
energy in the form of energy-rich phosphate 
bonlds. The marked dliff'erences found be- 
tween male and female organs suggests that 
this energetically important phase of glycoly- 
sis miglht be regulated by hormones. Further 
data on the effect of endocrine organs on this 
enzyme reaction will be published in a sub- 
sequent paper. 

Summary. I t  was shown that dilute homog- 
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enates of rat olrgans catalyze in vitro the con- 
vlersion of 3 -phosphoglycerate to phosphoenol- 
pyruvate as measured by the formation of 
ioldine labile phosphorus. A marked sex dif- 
ference was observed betwleen the rates of 
phosphopyruvate formation by male and fe- 
male organs. 

The valuable assistance of Mr. Donald R. MC- 
Curley, who carried out part of the enzyme assays, 
is gratefully appreciated. 
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Properties of the Methanol Soluble Factor Required by the Mink.* (18104) 
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Previous work has shown that mink given soluble liver factor, and preliminary results 
a punified diet require a heat stable m'ethanol indicated that a metihand insoluble (residue) 

factor was also required( 1). The methanol 
*Published with the approval of the Director of 

soluble factor was found in liver, whole milk the Wisconsin Agricultural Experiment Station. 
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Wisconsin Agricultural Experiment Station and yeast. Similar reS'U1ts have been obtained 
grants from the Borden CO., New York, New York with the fOx(2). Further studies on these 
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