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cleavage of the fermentation L. casei factor 
giving a pteridine fraction and an aromatic 
amine by using sulfurous acid, which is a 
milder treatment than .that with trichloracetic 
acid. 

The vitamin B,. conjugate of Pfiffner and 
which is also obtained from yeast, 

has been shown to contain 7 molecules of 
glutamic acid. This evidence indicates that 
there may be at  least 2 different conjugates 
in yeast. If there are 2 conjugates of folic 
acid present in factor R, it may be that 
there are 2 enzymes needed to split them, 
both of which are present in hog kidney and 
only one in rat and chick liver. 

-411 conditions necessary for the optimum 
efficiency of the rat and chick liver enzyme 
systems may not have been met, so that 
complete liberation of folic acid from the 
conjugate was not obtained. Every effort 
was made to determine the optimum condi- 
tions for the enzyme systems involved. The 
proper concentrations of the enzymes and 
substrate were determined, as well as the 
optimum p H  and temperature for the in- 
Cuba tion. 

Hog kidney may contain an enzyme sys- 
tem that can synthesize folk acid from sim- 
ple precursors, whereas chick and rat liver 
may be devoid of such an enzyme. Many 

1.5 l’fiffner, J. ,J., (‘:ilkins. I) .  G., Rlooni, K. S., 
and 0 ’Dell, B. IA., . I .  .1 ) t i .  C / I P ~ I .  SW., 1946, (IS, 
1392. 

bacteria, yeasts, and molds are known to 
possess enzyme systems that are able to take 
the pyrimidine and thiazole fractions of thia- 
mine and combine them into the vitamin. 

SUWI~TZQ~?.  The growth and hemoglobin re- 
sponses obtained in chicks receiving a puri- 
fied diet supplemented with factor R were 
h i n d  not to be due to the preformed folic 
acid present in factor R. 

By means of chick liver, rat liver, and 
hog kidney incubation procedures the folic 
acid content of factor R was greatly in- 
creased. This indicated1 the presence of po- 
‘tentid folic acid which did not stimulate 
the growth of S.  faecalis, bu.t which was 
available to the chick. The potential folic 
acid liberated by hog kidney enzymes was 
found to account for all of the responses ob- 
tained in the chick, whereas chick and rat 
liver enzymes were not as effective in liber- 
ating folic acid. 

The most probable explanation for the 
discrepancy in the folk acid content of fac- 
tor R obtained following hog kidney and rat 
or chick liver incubations is that factor R 
is a mixture of conjugates of folic acid rather 
than one conjugate. 

The response to factor R was not affected 
by the presence of succinylsulfathiazole in 
the diet. Conjugated folic acid appeared, 
therefore, to be available as such to the chick, 
or was made available by metabolic processes. 
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Nerve Conduction After Inactivation of Choline Esterase.” 

L. L. BOYARSKY, JULIAN 35. TOBIAS, AND R. W. GERARD. 
From the Departnimt of P l ~ y s i o l o ~ ~ y ,  The University of Chicago. 

Gilman reported in February, 1946l that 
di-isopropyl fluorophosphate (DFP) could 
block conduction in a stretch of frog nerve 
dipped in it; but that conduction returned 
on lifting out the nerve. Despite this “re- 

versibility” of the block, the choline esterase 
(Ch.E.) was left inactivated. Objtxtions 
were raised to the conditions of these experi- 
ments (atypical action potentials, manner of 
obtaining reversal, low frequency of stimula- 

* The present investigation was aided by a grant 
from .the Dr. Wallace C. and Clara A. Abbott 
Memorial Fund of the University of Chicago. 

1 The Physics and Chemistyy of Nerve Con.duc- 
tion, New York Academy of Sciences Symposium 
Monograph, in press. 
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Fig. 1. 

tion, small C02 values in the manometric 
determination of Ch.E., inactivation of 
Ch.E. at the time of grinding of the nerve, 
etc.). 

A few weeks later, at  the Federation sym- 
posium, succeeding papers by Crescitelli, Gil- 
man, et ~ 1 . ~ 9 ~  and by Rothberg, Nachman- 
sohn, et aL4t5 were the basis for an extensive 
further discussion. The former reaffirmed 
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their findings, with added details; the lat- 
ter reported that DFP depressed action and 
Ch.E. in parallel, and that both recovered 
in parallel on removing the drug, in squid 
nerve. The attention of other workers was 
invited to this experiment which, with other 
evidence ( GerardJ), seemed potentially con- 
clusive as to the role of -4.Ch. in nerve con- 
duct ion. 

Fig. 2. 
Left trace initial; right trace after 5 hours in 3 m M  DFP. Read R to L. Con- 

duction distance to first electrode 10 mm; to second one 30 mm. No crush, second 
electrode near cut end. 

-- - ._ .- . 

2 Crescitelli, F., Koelle, G. B., and Gilman, A. F., 

3 Crescitelli, F., Koelle, G. B., and Gilmm, A. F., 

4 Rothberg, M. A., and Nachmansohn, D., Fed. 
Proc., 1946, Pt.  11, 5, 199. 

5 Bullock, T. H., Grundfest, H., Nachmansohn, 
D., Rothberg, M. A., and Sterling, K., J. Nmro- 
physiology, 1946, 253. 

Fed. Proc., 1946, Pt. 11, 5, 172. 

J .  Neurophysidogy, 1946, 9, 241. 
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AIcthod. \Ye have niodiiied the procc- 
dures as i ( A l o i ~ ~ .  Both sciatic.; oi a frog 
were immersed i n  peanut oil. containing the 
desired concentration of l.>l:I’. ‘I’he nerve.? 
rested on stimulating and lead-ofi electrodes 
and were tested in place. When desired. 
to test reversibility, the oil was well wtshetl 
out of the chamber and fresh oil substituted. 
Xormally. after 3 hours one nerve was re- 
moved from the DFP solution for (’h.1.:. 
assay, the other left in and its action po- 
tentials followed a t  intervals until the con- 
clusion of the assay. Maximal stimuli (test- 
ed repeatedly during an experiment) were 
used at  20’sec. during the test. 

T o  obviate any possible objection to the 
C02 method, Ch.E:. was determined by a di- 
rect measure of the A.(’h. at appropriate 
times after mixing an .\.Ch. solution with 
th,e homogenized nerve extract. Controls 
showed that peanut oil traces were without 
influence on rate of hydrolysis. -4.Ch. was 
assayed on the frog‘s rectus with the usual 
precautions. Typical conditions were: 20 t o  
50 mg of nerve homogenized in 7’ cc of 
Ringer, added to 4.5 cc of 4.5 X lo-‘ hl ACh.  
in Ringer, assayed after s, 1. 2 and 3 hours 
at  room temperature, approximatel!- 20 C . .  
At each time interval aliquots of the initial 
,\.Ch. solution and of each of the nerve- 
A.Ch. suspensions were assayed for ACh.  
activity.t The initial solution as assayed 
was diluted to 0.5 y A.Ch. Br. in 4 cc Ringer. 

I n  a preliminary series,, nerves 
were followed in various concentrations of 
DFP until action potentials were abolished 
or no further change was observed in several 
hours. Fig. 1 shows a set of results. :It 
DFP concentrations above 1 5  mM, the ac- 
tion potential progressively falls. during 
hours or minutes depending on the strength 

Results. 

t (‘oiii1):irisoii of l i i i o \ v i i  : i i i ( I  i i i i I i t i o \ v i t  so!i:t ~ ( I I I G  : i t  

e:icth test is irnpoi*t:iiit, w1)cvi:iIly w i t l i  1,k’l’ 1irtw’ii;. 
This  sulxstancc, added with l)oil(d or unboilctl i i ( * t ~ v ( ~  

bu t  not by itself, potentiates tltc inuscle wsl)oiis(! 
t o  known A.Cli. Witli 45 HIM JIFP, tho iiiuscI(1 
response may he douljlcd ; :it (i iiiM tltc potciiti:~ - 

tion is :iround !2Oc/‘, ; a t  3 nil [  110 potent.intioii W:IS 

observocl. The basis of this :ictioii liils not 1ity:t i  

:idequ;itcly studied, bu t  110 furtlicr forinntioii of 
A.Ch. is involved. 

oi the solution, to zero. Such a depressed 
or inactive nerve has never shown a sign 
o f  recovery when washed with fresh solvent. 
( O n  trailsfer from oil to Ringer return of po- 
tential occurred one time). At DFP con- 
centrations below 15 mM, little depression 
of the action potential has been observed 
over a period of 2 hours: at 3 mM, none in 
over 6 hours. 

Tn the critical experiments, DFP a t  con- 
centrations of only 3 mM were used. Fig. 2 
shows the practically unchanged action po- 
tential in a nerve left exposed to 3 mM for 
5 hours while its fellow was being assayed 
for Ch.E. The  latter, after 3 hours in the 
IIFP, exhibited zero Ch.E. activity, as shown 
in Table I .  That the enzyme was not in- 

.\.(‘h. (as L/c of original amount)  Prcsent  After  
TABLE I. 

3 lir Incub:ition with Ground Nerve. 

h p .  ?rrormal D F P - t rea  t ed 

1 0 90 
- 0 100 
3 0 100 
4 0 100 
) 4 100 
ti 14 100 
I 31 86 

) 

activated only during homogenization, by 
DFE’ previously unable to penetrate, is shown 
by an experiment in which a DFP nerve and 
a control nerve were ground ,together (Table 
11). Ch.E. activity was more rather than 
less than the average of poisoned and un- 
poisoned. 

TABLE 11. 
~~ ~ 

Muscle response* 
(a rb i t ra ry  uni ts)  

Mntci.ial t es t td  /- 1 

(a f te r  3 h r  incubation) Exp. A Exp. B 

Rcsponsti is 1)rol)ortional t o  A.CIi. 1)resent. 

Conclzisions. Frog nerve, exposed to D F P  
in a concentration and for a time sufficient 
fully to inactivate its choline esterase, can 
still conduct impulses with entirely normal 
action potentials. Ch.E. is not essential to 
nerve conduction. 


