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Gard2 for a strain of Theiler’s mouse virus. 
While this conclusion was suggested by one 
of Bourdillon’s3 experiments in which an 
older dialyzed, purified preparation showed 
double refraction of flow, the results pub- 
lishmed by Jungeblut and Bourdillon-’ show a 
remarkable agreement between purified SK 
and our purified Lansing preparations. The 
purified SK samples in contrast to those from 

2 G:trd, S., rlctu Met7. Sc(itirl., Suppl., 1943. 143, 

3 Bourtlillon, .J., A rclr. Iliochctti., 1043, 3, 9 3 .  
4 Jungcblut, C. W., :tnd 13ourdillon, .J., , I .  -.1 i t ! .  

17313. 

M e d .  Asm., 1943, 123, 399. 

unpurified tissue cultures showed the pres- 
ence of “spherical or elliptic bodies” having a 
diameter between 25 and 30 mp. It is note- 
worthy that particles of the same relative 
size and shape have been obtained, there- 
fore, from 2 different strains of poliomyelitis 
virus, both of which were isolated originally 
froin infectious human material. A s  it might 
be expected that different human strains 
would have similar physical properties, the 
results from the 2 laboratoriesconfirm the fact 
that human poliomyelitis virus as cultivated in 
mice and in cotton rats consists of relatively 
spherical particles of about 25 mp diameter. 
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Further Studies of Factor R.* 

L. W. CHAR KEY,^ LOUISE J. DANIEL, FLORENCE A. FARMER, L. C .  NORRIS, AND G .  F. 
HEUSER. 

Ithaca, N.P. 
From the  Agriculturctl Experiment Stnf io t i  ntrtl the Sclrool of Zl’ittrition, Cornell University, 

Bauernfeind, Schumacher, Hodson, Xor- 
ris, and Heuser’ announced the existence of 
a new factor required for growth and re- 
production in the domestic fowl. Schumacher, 
Heuser, and Norris’ presented evidence that 
the factor consisted of 2 components; factor 
S precipi,tated from an acid solution by al- 
cohol, and factor R precipitated by alcohol 
from neutral solution. 

While these studies on factors R and S 
were in progress, evidence of the existence 
of a factor required for the growth of L. 

* This work was sup1Jortetl in part by tho t>st:ill- 

lishment of grants at Cornc.11 University bg t l i c .  
Cerophyl Laboratories, Inc., Kansas C’ity, Mo., TIit~ 
Nutrition Foundation, Inc., New York, N.Y., and 
the Wyeth Institute of Applied Biochemistry, 
Philadelphia, Pa. 

t Present address, 1 ) c l ~  rt iii(1nt of Cliciiiist I?, 
Colorado A. and M. College, Fort Collins, Colo. 

1 Bauernfeind, J. C., Schumacher, A. E., Hodson, 
A. Z., Norris, L. C., and Heuscr, G. F., PRW. SOC.  

2 Schumacher, A. E., Heuser, G .  F., and Norris, 
E X P .  BIOL. AND MED., 1938, 30, 108. 

L. C., J. Biol. Chem., 1940, 135, 313. 

casei and S. faecalis was presented by various 
laboratories. This factor is now generally 
referred to as folic acid. Briggs, Luckey, 
Elvehjem, and Hart3 reported athat chicks 
grew normally on a diet containing no more 
than 8 pg of folic acid per 100 g of diet. 
Hill, Norris, and Heuser4 concluded that fac- 
tor R was not identical with folic acid, and 
that if folic acid was required by the chick, 
the amount needed was less th-an 15 pg per 
100 g of diet. 

Binkley and associates5 reported the pres- 
ence of vitamin B, (folic acid) conjugate in 
yeast. This substance was highly active for 
the chick, but only slightly active for S. 

-_ 
3Briggs, G .  M., Jr., Luckey, T. D., Elvehjem, 

C. A., and Hart, E. B., J. Biol. Chem., 1945, 
158, 303. 

4 Hill, F .  W., Norris, L. C., and Heuser, G. F., 
J. Nutrition, 1944, 28, 175. 

5Binkley, S. B., Bird, 0. D., Bloom, E. S., 
Brown, R. A., Calkins, D. G., Campbell, C. J., 
Emmett, A. D., and Pfiffner, J. J., Science, 1944, 
100, 36. 
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faecalis and, L. casei. Concentrates of this 
substance, however, became active for the 
microorganisms after enzymatic digestion. 

In  view of the results of Binikley and as- 
sociates,G further work on factor R was un- 
dertaken in this laboratory ,to determine if 
its activity for chicks could be accounted for 
in terms of folic acid, as measured by micro- 
organisms after enzymatic conversion of the 
conjugate to folic acid. 

While the study reported in this paper was 
in progress, Pfiffner and associates6 reported 
the isolation of vitamin B, conjugate in 
crystalline form from yeast. The vitamin B, 
present in the conjugate was found to be 
available to the chick, and became available 
to the microorganism after digestion with 
hog kidney conjugase. 

Experimental. The experimental proce- 
dure consisted of treatment of factor R with 
folic acid liberating enzymes, determination 
by microorganisms of the folic acid in the 
treated preparations, and comparison with 
the amount of folic acid present as evidenced 
by  growth and hemoglobin formation in the 
chick. 

Microbiological Work.  Folic acid assays 
were made by a modification of the procedure 
of Luckey, Briggs, and Elvehjem? using S.  
faecalis. The standard of comparison was 
either synthetic folic acid of Angier and1 as- 
sociatesS*s or a folic acid concentrate sup- 
plied by Dr. R. J. Williams. One pg of 
synthetic folic acid was found to be equiva- 

6 Pfiffner, J. J., Calkins, D. G., 0 ’DeII, P,. L., 
Bloom, E. S., Brown, R. A, Campbell, C. J., and 
Bird, 0. D., Science, 1945, 102, 228. 

TLuckey, T. D., Briggs, G. M., Jr., and Elw- 
hjem, C. A., J .  Biol. Chem., 1944, 152, 157. 

8 Angier, R. B., Boothe, J. H., Hutchings, B. L., 
Mowat, J. H., Semb, J., Stokstad, E. L. R., Sub- 
baRow, Y., Waller, C. W., Cosulich, D. B., Fahren- 
bach, M. J., Hultquist, M. E., Kuh, E., Northey, 
E. H., Seeger, D. R., Sickels, J. P., and Smith, 
J. M., Jr., Science, 1945, 102, 227. 

t We are indebted to Lederle Laboratories, Pearl 
River, N.Y., for synthetic folic acid, to Dr. R. J. 
Williams, University of Texas, Austin, Tex., for  
folic acid concentrate, to Merck & CO., Inc., Rah- 
way, N.J., for p-pyracin, and to Anheuser-Busch, 
Inc., Rt .  Louis, M a ,  for strain S dried brewers’ 
yeast. 

lent to 11.5 pg of Williams’ folic acid. Values, 
obtained when Williams’ folic acid was used 
as the standad, were converted to synthetic 
folic acid by means of this factor. 

The amount of free folic acid in factor R 
was determined following either incubation 
of the sample with takadiastase and papain 
or steaming in phosphate buffer a t  pH 7 for 
15 minutes. Both methods of extraction 
gave comparable values. The results showed 
that sthere was not sufficient folic acid pres- 
ent as such to account for the growth re- 
sponse of the chick to factor R. Therefore, 
other enzymatic digestions were undertaken 
to determine the  presence of potential or 
conjugated lfolic acid that was microbiological- 
ly inactive, but available to the chick. 

I n  preliminary work the most effective 
procedure found was one involving a 24-hour 
predigestion at  37°C with malt diastase, fol- 
lowed by a 24-hour incubation at  37°C with 
fresh rat liver suspension. The entire pro- 
cedure was carried out in citrate-phosphate 
buffer a t  pH 4.5. This treatment was ap- 
plied to factor R and to a Suprfiltrol eluate 
of factor R, and consistently gave an ap- 
proximately 10-fold increase in folic acid con- 
tent. Chick liver, in general, was less ef- 
fective than rat liver. Increases of this order 
of magnitude still, however, did not ade- 
quately account for all the biological activity 
of factor R. Hence, resort was made to the 
use of dried kidney suspension, as described 
by Bird and asm~ia tes .~  This procedure re- 
sulted in an approximately 15-fold increase 
in folic acid content. 

Chick Experiments. Two experiments were 
conducted with day-old White Leghorn 
chicks. Not less than 15 chicks were started 
in each lot. They were housed in batteries 
of individually heated, well lighted pens with 
raised wire mesh bottoms. 

The basal diet usled‘ was purified diet 653 
described by Hill, Norrk and Heuser? 
Factor S, prepared according to the method 
of Schumacher, Heuser, and Norris,P was 
supplied’ a t  a level equivalent to 5% of dried 
brewers’ yeast, and 100 pg of 2-methyl-3- 

9Bird, 0. D., Bresslcr, B., Brown, R. A., Camp- 
bell, C. J., and Emmett, A. D., J. Biol. Chem., 
1945, 159, 631. 
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hydroxy-4-carboxy-5 - hydroxyme,thylpyridine 
(P-pyracin) were added per 100 g of diet. 

The chicks were weighed individually a t  
weekly intervals. Hemoglobin determina- 
tions were made a t  the 3rd, 4th, and 6th 
weeks in Experiment 1 by the colorimetric 
method of Sahli, using 0.1 S HCl to develop 
the acid hematin color. and in Experinient 2 
by the oxyhemoglotiin method r!e\.eloped in 
this laboratory h>- Robertson and Fiala,'" 
using 0.1 yh Sa2C'0.:. and measuring the color 
produced with a Co! eman spectropho tome ter. 

Experimmt 1. The L. C Q S ~ ~  factor of 
Hutchings and associates,11 was used as a 
standard. The sample used was approxi- 
mately 80% pure and was added at  level5 
of 50, 100 and 150 pg per 100 g of diet. 
Factor R was included at levels equivalent 
to 5. 10, and 15c/( of original yeast. The re- 
sults of the experiment indicated that 50 to 
100 pg of I-. (-us(+ factor were needed for 
optimum growth reql.mse in the chick. Us- 
ing the saine experimental conditions. Robert- 
son, Daniel, Farmer. Sorris, and Heuser12 
have reported that 45 to 55 pug of synthetic 
folk acid per 100 g of diet were required 
for optimum growth. Normal growth was 
obtained with factor R preparations that sup- 
plied approximately 2 5  pg of folic acid per 
100 g of diet, as determined by S. facralis 
assay after rat liver incubation. 

\\'hen synthetic folic acid 
became available, an experiment was con- 
ducted using 10, 20, 30? and 40 pg of folk 
acid per 100 g of diet. Factor R was in- 
cluded a t  levels equivalent to 3.  6, and 125% 
of original yeast. One group of chicks was 
supplied the various supplemen'ts alone, and 
a second group the supplements plus 2% suc- 
cinylsulfathiazole. When the sulfonamide 
was added, 9-aminobenzoic acid was omitted 
from the diet. The results of Experiment 2 
are presented in Table I. 

The  amount of folic acid found in factor R 

10 Robertson, E. I., and  Fiala ,  G. P., unpublished 
data, Cornell University, Tth:lca, Stv York. 

11 Hutchings, €3. L.. Stokstatl, E:. T,. R.. Bol i~nos .  
N., and  Slobodkiii, S. 11.) Stir ) t ( ' ~ )  1!)44 99, :<il. 

12Robertson, E. I., Daniel, L. J., Farmer,  F. A., 
Korris, L. C., and Heuser, G. F., PRQC. SOC. EXP. 
RIOL. AND MED., 1946, 82, 97. 

Experkiicnt 2. 

by this chick experiment was approximately 
3 pg per g of original yeast. This was ob- 
tained by comparing both the growth and 
hemoglobin responses a t  the various levels of 
factor R to the corresponding responses caused 
by synthetic folic acid. Comparing the bio- 
11:gical and microbiological responses to factor 
I i  demonstrated that the microorganism was 
accounting for all of the chick activity after 
the sample had been incubated with hog 
kidney, but not when incubated with chick 
or rat liver. 

S o  significant differences in the chick re- 
sponses to factor R between the nonsulfona- 
mide and sulfonamide diets were obtained. 
This indicated that potential folic acid in fac- 
tor R was not liberated by intestinal bac- 
teria and that under the conditions of the 
experiment no folic acid was synthesized by 
the intestinal flora. I t  appeared, therefore, 
that either the chick is able to use the folic 
acid of factor R directly, or metabolic 
processes make it available. 

Discussion. Several explanations for the 
differences in microbiological results obtained 
by incubating factor R with chick or rat liver 
and hog kidney are possible, More than one 
conjugate of folic acid may be present in fac- 
tor R. If this is the case, the hog kidney 
enzyme(s) is able to break down both con- 
jugates. whereas rat and chick liver enzymes 
can, split only one. 

The presence of more than one conjugate 
of folic acid in factor R is supported by the 
recent findings of Ratner, Blanchard, and 
Green.]:'. These investigators isolated a pep- 
tide of p-aminobenzoic acid from yeast having 
10 or 11 glutamic acid residues. In  one of 
the steps in the isolation of this peptide 
trichloracetic acid was used. This treatment 
may have split the peptide from the pterin 
nucleus of the folic acid conjuga-te, since 
-hgier  and associates14 brought about the 

13 Ratncr, S., Blanchard, M., a n d  Green, D. E., 
,T. Biol. Chem., 1946, 164, 691. 

14 Angicr, R. B., Boothe, J. EL, Hutchings, B. L., 
>Towat, .J. IT., Semb, J., Stokstad, E. L. R., Sub-  
1 ~ H o w ,  Y. ,  Waller, C. W., Cosulich, D. B., Fahren-  
bach, M. J., Hultquist, M. E.: Kuh, E., Northey, 
E. H., Sceger, D. R., Sickels, J. P., and  Smith, 
J. M., Jr., Sciencc, 1946, 103, 667. 
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106 CONDUCTION WITHOUT CHOLINE ESTERASE 

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. 


