
TABLE 1 

Av atomic Product counted number 

Glucosazone .......................................................... 3.96 
Bisphenylhydrazone mesoxalaldehyde ...... 4.1 
Aldomedone ................................................................ 3.5 
Formaldimedone ............................................... 3.5 

(BaCO, 1 7 )  

by us in this step only occasionally had this value. 
I n  the majority of cases their melting point was 
123O-125O C. We could not, therefore, duplicate this 
step. 

I t  is clear, therefore, that the step in Aronoff and 
Vernon's technique of obtaining the C-L t C-2 value 
by degrading bisphenylhydrazone of mesoxalaldehyde 
with alcoholic potash is not dependable. Until more is 
known about the products of this reaction, the tech- 
nique of Aronoff and Vernon, as proposed by these 
authors, cannot be used. 

The other steps of their method, however, have 
been found satisfactory, and because of the advan- 
tages of this method we did not wish to drop it. The 
method, as claimed by the authors, is rapid, and the 
various products, with the exception of glyoxalosa-
zone, are easily obtained and plated. 

I n  a search f o r  some other method of precipitating 
and counting C - l t  C-2, we decided to isolate these 
two carbons as acetaldehyde and precipitate i t  with 
dinledone (4 ) .  Such a precipitation is quantitative and 
rapid, and the crystals are  readily plated in pyridine. 
The technique f o r  glucose degradation becon~es now 
a combination of some of the steps of Wood, Lifson, 
and Lorber (1) and some of those of Aronoff and 
Vernon ( W ) ,  plus a new step involving precipitation 
of acetaldehyde as aldomedone. Fig. 1 presents the 
scheme of such a degradation. 

Glucose is fermented with L. casai, aiid the lactic 
acid formed is oxidized with KMnO,. Acetaldehyde 
produced from C-l t C-2 or C-6 t C-5 is precipitated 
with dimedone and counted as such. Glucosazone, bis- 
phenylhydrazone mesoxalaldehyde, and formaldehyde 
a re  produced and counted according to Aronoff and 
Vernon. Table 1gives the average atomic number of 
various compounds counted. Since this number is 
about the same for  all the compounds counted, the 
backscattering effects are similar. For  this reason the 

TABLE 2 

DISTRIBUTIONOF C1*IN VARIOUSPOSITIONSO F  GLUCOSE 
AS PERCENTAGETOTALOF ACTIVITY 

Glucose Degradation Carbon atoms of glucose 

sample technique used and 
-

1 Wood, Lifson, 
and Lorber 34.5 32.5 33 

1 Vittorio, Krotkov, 
aud Reed 33.7 32.1 34.2 

2 Wood, Lifson, 
and Lorber 52 25.9 22.1 

2 Vittorio, Icrotkov, 
and Reed 50.9 26.1 23.0 

activities of such compounds are  directly comparable. 
Two samples of glucose, with uniform and non-

uniform distribution of C14 in various positions, were 
degraded using both our proposed modification and 
the original scheme of Wood, Lifson, and Lorber. 
The results are given in Table 2, which shows that  
the results obtained by both methods agree within 
about 2.5%. 
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Competition of the Aliesterase in Rat Serum 
with the Pseudo Cholinesterase for 
Diisopropyi Fluorophosphonatel 

D. K. Myers 
Pbarmaco-Theuapeutic Laboratory, 
U~ iver s i t y  of Amsteudam, Holland 

The molar concentration of pseudo cholinesterase 
in certain niamllialian sera can be determined by the 
use of a corripetitive reversible inhibitor, Nu-683, the 
dimethyl carbanlate of (2-hydroxy-5-phenylbenzyl) 
trimethylammonium bromide, and an analog of pro- 
stigmine (1). 

The concentration of inhibitor that m m e s  50% 
inhibition of the pseudo-cholinesterase activity (I,,) 
is determined a t  various concentrations of serum; a 
plot of I,, against the relative enzyme concentration 
should give a straight line with a slope equal to one 
half the molar concentration of pseudo cholinesterase 
in the serum solutions. Typical results of this Bind 
as  obtained with ra t  serum are indicated in Fig. 1. 

Extensive investigations with other inhibitors of 
this type have failed to reveal any enzymes other 
than the cholinesterases that are inhibited bv verv low " " 
concentrations of these inhibitors. Moreover, a com-
parison of the experimental results ( 1 )  with the 
theoretical predictions f o r  a reversible competitive 
inhibitor ( 2 )  shows directly that Nu-683 must be act- 
ing as a selective inhibitor of the pseudo cholinester- 
ase in the serum preparation (Fig. 2) .  

There is no similar theoretical criterion by which 
the selectivity of an irreversible inhibitor can be 
established. However, it was observed that the results 
with the irreversible inhibitor diisopropyl fluorophos- 
phonate ( D F P )  frequently give a higher value for  
the apparent cholinesterase conoentration t h m  that  
obtained by the above technique with Nu-683. Thus 
it appears that the results obtained with D F P  must 
be a t  fault fo r  some reason. 

One source of error was revealed by experiments 
1 This work was carried out under the guidance of B. 

Mendel and with the technical assistance of Rf. de Jonge. 



FIG. 1.Determination of the molar concentration of pseudo 
cholinesterase in ra t  serum by the use of Nu-683. The experi- 
mental points should fall on a straight line of the equation 
I.. = K ,  + 0.5 E ( I ,  2 ) .  From the graph, the Michaelis constant 
K: = 3.1 x 10-DM Nu-683, the ensyxne concentration E = 2.45 X 
IO-OM pbendo cholinesterase in a solution which gives an 
activity of 100 ~1 C0,/5 1n1/20 min toward benzoylcholine. 

on the inhibition of the pseudo cholinesterase of ra t  
serum by D F P .  As in the previous illvestigation ( I ) ,  
the relative enzyme concentration was expressed on 
the basis of esterase activity, the standard unit of 
activity being 1yl CO,/ml solution/min, with a p H  
of 7.4, a temperature of 37.5' C, and a 0.025 M bicar-
bonate medium. The pseudo-cholinesterase concentra- 
tion in  r a t  serum, as determined by the use of Nu-683, 
was 2.5 x M in a solution which gives 1unit of 
activity toward benzoylcholine. The results with D F P  
indicated a value that was 250 times larger (Table 1 ) .  

I t  is known that D F P  is a moderately potent in- 
hibitor of hydrolytic enzymes other than the cholines- 
terases ( 3 - 5 ) ,  and it had been reported previously 
that the aliesterases of ra t  serum show an abnormally 
high sensitivity to D F P  ( 6 ) .  Thus it  was possible 
that the presence of the aliesterases ill normal r a t  

-loq i n h i b i t o r  c o n c e n t r a t i o n  

FIG. 2. Relation between the percentage inhibition of 
pseudo-cholinesterase activity and the logarithm of the con-
centration of Nu-683. The theoretical line is calculated froni 
the theoretical equations of Goldstein ( 2 )  for a reversible 
competitive inhibitor which combines with the enzyme-active 
center on an equimolar basis. K ,  = 3.1 x 10-BM, E = 1.2 x 10-OX. 
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serum interfered with the reaction between D F P  and 
the pseudo cholinesterase. 

I n  the previous investigation (6), ethyl chloroace- 
tate had been used as  substrate fo r  the aliesterases, 
since it  is hydrolyzed much more rapidly than the 
usual substrate, tributyrin. The results with tribu- 
tyrin, however, can be more easily reproduced than 
those with ethyl chloroacetate, and the same aliester- 
ase seems to be responsible fo r  the hydrolysis of both 
esters by rat  serum. Thus a 0.2% tributyrin emulsion 
was used as substrate fo r  the aliesterases in  the pres- 
ent investigation. 

T A B L E  1 

Apparen t  enzyme 

Trea t - concentration i n  

I n - meilt In te rcep t  a solution 

hibi tor  of on  I,, which gives 
serum axis  1pl  CO,/ml/min 

toward benzoyl 
choline 

Nu-683 Normal  3.1 x 10-"M 2.45 x 10-OM pseudo 
cholinesterase 

6.5 x lO-lM pseudo 
DFP ( (  {: choliiiesterase 

4.6 	 x 10-'M alies-
terase 

DFP Hea ted  < 0.5 x 10." 1.4 x 1 0  8M pseudo 
cholinesterase 

DFP 	 TOCP* < 0.5 x 104M 1.7 x 1 0  pseudo 
cholinesterase 

TOCP = tri-o-cresyl phosphate. 

The I,, values obtained with D F P  indicated a n  ap-  
parent enzyme concentration of 6.0 x M aliester-
ase in  a solution of normal ra t  serum which gives 1 
unit of activity toward tributyrin. With the particu- 
lar sample of pooled female r a t  serum used, the ali- 
esterase activity toward tributyrin was 1390 p1 CO,/ 
ml serum/20 min, as compared with the pseudo-
cholinesterase activity of 180 y1 CO,/m1/20 min to- 
ward benzoylcholine. Thus a concentration of 4.6 x 

M D F P  should inhibit the aliesterase in  a solu- 
tion giving 1unit of activity toward benzoylcholine, 
whereas the pseudo cholinesterase should be inhibited 
by 6.5 x M D F P  (Table 1 ) .  Apparently the D F P  
combines preferentially with the aliesterases of ra t  
serum, and the pseudo cholinesterase is inhibited only 
by the surplus of D F P  remaining after the aliesterase 
has been completely inhibited. 

To test this hypothesis, the aliesterase was selec-
tively destroyed in two ways: first by heating the na- 
tive serum a t  53O C for  60 mini and, second, by the 
intramuscular injection of 10 mg tri-o-cresyl phos- 
pbateJ100 g body weight into female rats  ( 6 , 7 ) .  I n  
both cases the aliesterase activity toward tributyrin 
was reduced to 1-2% of the former value, whereas 
most of the pseudo-cholinesterase activity remained 
unimpaired. And in both cases the elimination of the 
aliesterase from the serum solution resulted in  a 
forty- to fiftyfold increase in the sensitivity of the 
pseudo cholinesterase toward D F P  (Table 1 ) .  
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Thus it  can be concluded that the high concentra- 
tion of D F P  necessary to inhibit the pseudo cholines- 
terase in  normal ra t  serum is due, in part  a t  least, to 
the fact  that the D F P  combines preferentially wit11 
other proteins in  the serum-namely, the aliesterase. 
Although the aliesterases of some other types of serum 
(e.g., of human serum) are  not sensitive to  inhibition 
by low conoentrations of D F P  (6,8) ,  i t  is still possi- 
ble that other enzymes or protein groups might inter- 
fere with the reaction between D F P  and pseudo 
cholincsterase in the same way. Inhibitors such as 
eserine, prostigmine, and analogs, on the other hand, 
appear  to  be relatively specific for  the cholinesterases. 
I t  seems probable that the use of D F P  may enable 
the determination of cholinesterase concentration in 
highly purified preparations of the cholinesterase 
( 9 ) ,but the results obtained with crude enzyme prepa- 
rations cannot always be relied upon, since the pres- 
ence of other hydrolytic enzymes may protect the 
cholinesterases against inhibition by DFP.  
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The Hall Effect and Electrical 
Resistivity of Tellurium1 

Virgil E. Bottom2 
Department of Physics, 
Purdue U n i ~ e r s i t y , ~  Lafayette, Indiana 

At  low and high temperatures, tellurium is a P-type 
semiconductor, but in samples of adequate purity 
there is a range of temperatures within which the sign 
of the Hall coeffioient is negative. This anonlalous 
behavior, which has been noted by several observers 
( 2 , 2 ) ,  has been studied in very pure tellurium pre- 
pared by multiple fractional distillation in  a n  atmos- 
phere of helium. 

Fig. 1shows the behavior of the Hall  coefficient R, 
fo r  samples of varying degrees of purity. Curve A 
is from a sample of c. p. grade tellurium containing 
an extrinsic carrier concentration of about 1018 oar- 
riers/cm3. Curve D is fo r  a sample containing about 
l o T 5carriers/cm3. The remaining curves are for  sam- 
ples of intermediate degrees of purity. 

I n  all samples containing fewer than about IOl7 
1 Based on Ph.D. thesis, Purdue University. 
%Presen t  address : Colorado A 8: M College, For t  Collins. 

Work C~r r i ed  out  under contract with the  Signal Corps. 

I ~ / T  (DEB' K) 
F I G .  1.  The Hall effect in tellurium. The logarithm of tlie 

Hal l  constant R is plotted against 1 / T .  

carriers/cm3, R is negative within a certain range of 
temperature. At  low temperature R is always posi- 
tive, changing to negative a t  a temperature which 
depends upon the extrinsic carrier concentration. R 
remains negative between this point and the tempera- 
ture 230° C near which the sign becomes p0siti.i-e 
again and remains so to the melting point. The upper 
reversal temperature is fixed a t  approximately 230° 
C, but the lower reversal temperature is related to the 
carrier concentration by the empirical relationship 

In R' = A t b/T,. ,  

where R' is the value of the Hall  coefficient in  the 
exhaustion range, T, is the temperature of reversal, 
and a and b are constants. 

I n  samples cut from single crystals of tellurium, 
neither the value nor sign of R depends upon the 
orientation of the sample with respect to the magnetic 
field or crystallographic axes. Measurements of the 
Hall effect made with an a-c method show that the 
anomalous behavior is not due to  the Ettingshausen 
efYect. This conclusion has also been verified by direot 
measurement of the thermoelectric power and Ettings- 
hausen coefficient. 

Fig. 2 shows the resistivity as  a function of tem- 
perature f o r  a number of polycrystalline samples. 
The intrinsic resistivity a t  27' C is approximately 0.5 
ohm-em, but a n  exact value cannot be given becau5e 

F I G .  2. The resistivity of tellurium measured in polycrys- 
talline samples. Logarithm of the resistivity in ohm-cm 
plotted against 1 / T .  


