
Positive reactions of varying intensity were obtained with a nurn- 
her of thew sera. although they were in no case so pronounced as  
with the antisera for B. enteritidis or its culture filtrates. 

-4lthcugh both of these fractions apparently possess elements in 
common \vith other memlxrs of the colon-typhoid group, they seem 
tr> lx antigenically distinct froin each other ; i. e. ,  antisera obtained 
with the water-soluble fraction was precipitated by the water-soluble 
fractions in relatively high dilutions, but by the water-insoluble 
fraction was very slightly precipitated in dilutions of 1 to 10. Since 
these crude fractions have not been purified, it would 1x surprising 
i f  some cross reactions did not occur. 

The relation of the antigenic activity oi culture filtrates to the 
proteins contained in these crude fractions, and the relation of these 
proteins to the colon-typhoid group as a whole, cannot be deter- 
mined until the materials are purified. 

This is a preliminary report. 
I Rranham, S. E., :rnd Huiiiphreys, E. M., J .  Zibft'ct. Dis., 1937, xl, 516. 
2 Iianke, 33. T., and Koessler, K. K., J .  B i d .  Chem., 1925, lxvi, 495. 
.; Br:tnhniii, H. E., PRO(:. So(,. EXP. BIOL. AND MED., 1927, ssiv, 349. 
4 Koch, F. V., J .  Lub. anti CZh. M e n . ,  1926, xi, 774. 
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Comparison of Electromotive Effect of Concentration on Tissues, 
Proteins and Other Substances. 

It. BEUTNEII, 1'. 0. H tiTH ASD (". K. BUSH. 

Pro*~rr tire Departnrent of Physi4)logy and P h a r n w o l o g p ,  School of M e d i c h e ,  
U n i w m i t y  of Louisville. 

Previous work in this laboratory' led us to conclude that proteins 
cannot be the essential cause of animal electricity. We then inves- 
tigated the relation of salt concentration to electromotive forces 
which is characteristic for tissues. This seemed particularly impor- 
tant in relation to the recent work of blond.' 

Uninjured green plants show the greatest electromotive effect of 
the concentration, and exhibit also a striking regularity." With 
animal organs, such as excised muscle, etc., this effect is much 
smaller and variable owing to unknown conditions, but it is almost 
ahpays in the same direction, mk, the dilute soCution is ON the posi- 
tive side. Mond,' working in Hijber's laboratory, has tried to match 



this effect of concentration 0 1 1  tissue with gelatin ; he observed + 1/1 KCI // gelatin (acid o r  neutral) // 1/512 KCI -0.06 volt. 
I t  is clearly seen that the clirectioii o f  e. 111. f.* is opposite to that 

of almost any tissue. With alkali added to gelatin (amount not 
given) hlond ol)servetl, -1.1'1 t<C'I,/gelatiii (alkalin)//1/512 KCI 
+0.02 volt, This i -  in the same tlirection as tissue. but too sniall, since 
the uninjured plants (used i n  ~ I ! ; K C ~  of gelatin) produce an e. m. f .  
fozw to fivc tiiitcs as large i i i  this cell arrangement. I t  is true that 
most tissues exhibit a small electroiimtive effect of concentration, 
and some of them time a t  all. It is possi1)le. therefore, to find some 
tissue which Ivill resenihle M o ~ ' s  alkaline gelatin cell, however 
small its e. m. f .  is. &it it -1ioult l  lx renieiii1)ered that the number 
oi  substances \vhich cshil)it ?oiiie effect of concentration is almost 
unlimited. This is evident irom tiiaiiy former in\-estigations. Ac- 
cording to R. Beutner:' water initni>cil)le organic liquids will pro- 
duce electromotive forces o i  0.03 to 0.03 volt \\-hen used as  central 
conductors hetween 1/10 aii(l 1' lo00 niol. KCl solutions. All 
these forces are in the same ctirection as >[oiid's alkaline gelatin 
cell (or  tissues) - Such iiiimihci1)le liquids are cresol, guaiacol or  
other OHcompouncls. acetophenon, I)enzol>henon or other ketones : 
also esters like ethyl acetate, h t y l  acetate, aceto acetic ester, and 
many other similar conipounds. Considering, however, that the 
chemical nature of all these sulwtances is different from that of 
tissue constituents, \ye tehted a true lipoict. kcithiti. ivith no addition, 
for the came inter\-a1 ( 1,;lO to 1, 1000 mol. ) .  This produced 0.03 
volt. These nieasurements, which \\.ere repeated several times with 
the same result, were perfornietl hy inimersiiig a lecithin plug, first 
into 1/1000, and theti into 1/10 mol. IiCl solution, using the tech- 
nique dcscrilxxt previously.' The di fferetice lletween these meas- 
urements then gives the figures quoted. 

Such small electromotive effects o f  concentration are not limited, 
however, to water itnmisci1)le su1,staiices as middle conductors. It 
is quite well known that water awl dilute aciueous solutions produce 
an  effect in the same direction as tissues. The attention of physiolo- 
gists has been called long ago to the fact that the insertion of a 
slightly acid solution ktwce!i t\\ o KCl solutions o f  different con- 
centration produces an electroiiiotivc force.' More recently Rohonyi" 
again demonstrated a small and inconstant effect of the concentra- 
tion with dilute solutions of lactic acid, I(,FeCN,, HCl, or KOHt 

* e. m. f .  = electromotive force. , 

t Ey comparing these experiments of Rohonyi with Mond 's alkaline gelatin 
cell, we may conclude that tlie latter arts due to its alkali content alone, that the 
gclatiu plays no part. 



as central coiitluctors betweeii 1 /I000 and 1i10 mol. KC1 solutions, 
and that these were in the same direction as  Mond’s alkaline gelatiti 
cell, amounting to 0.04 to 0.06 volt (extrapolated). W e  have cor- 
rolmrated these findings by new experiments with our own tech- 
nique,’ using now as  central conductor between 1/1OOO atid 1/10 
KC1 u plug of a p r ,  either with or without traces of acid and alkali 
in it. In this way we have observe& the same effect antl the same 
magnitude or even higher than Rohonyi or MontI did with alkaline 
gelatin or tissue, as the following figures show. Oiie per cent agar 
gel with no addition as  a central conductor between 1/10 antl 1/1000 
molecular KCI = solutions : 0.02 volt. \Vith a slight addition of an 
acid (viz. 0.1 cc. 1/1 normal HCI to .SO cc.) the e. ni. f .  is 0.006 volt. 
With a slight adtlitioii of an alkali, the e. in. i. is 0.015 volt. Mond’s 
alkaline gelatin cell woulcl eshit)it 0.02 volt for the interval 1/10 to 
1,/1000. (This also shmvs that acid or neutral agar do not produce 
opposite effects like gelatin; the same finding hat1 keen reported by 
Fujita’) . Similar results were olJtained with other non-protein 
colloids such as starch paste o r  kaolin in the place o f  agar.$ 

Si11ii?11(1ry: It is more difficult to find a material which fails to 
exhibit any electromotive effect of the concentration than one which 
does. (Concentr. KCI = solution or similar sailt solutions would 
lx allout the only kind of central conductors available.) It would 
IX useless, therefore, i f  we tried to identify the small effect of the 
concentration on the e. m. f. of animal tissue, which ranges froni 
0.01 to 0.06 volt, with that of any definite substance or material. 
Almost anything will work as a model for animal electricity if the 
low electromotive effect on animal tissue is chosen a s  criterion. 
There is nothing typical almit Montl’s alkaline gelatin cell to justify 
its use as a iiioclel. 14orec;ver. it is doubtful whether its action is 
not due to the alkali alone. 

$ Exl~eriments more recently described by Xkhaelis ;ind his co-workers7 fur- 
ther illlistrate the fac t  that  nlmost tiny materkil ainy serve :LS tl bioelectric modor 
as f a r  #is :I small effect of concentr;~tion is concerned. Fujit;L,G Michaelis and 
Kokan; have me;isured the e .  m. f. produced by such i;iaterials as parchment, 
caoutchouc, wax, etc., used :IS central conductors between 1/10 ;tiid 1/100 molecn- 
lar KC1 solutions. They found for parchment and  paraffin about 0.01 volt, for 
wax and mastix about 0.02 volt. for caoutchouc 0.03 volt ( A s  the range of con- 
centration is tell times sm:der liere, the voltage should be doubled for coniparisoii 
with the measurements vitecl.) L o ~ h  (in his well known book on colloidal be- 
h:ivior) fiiitls ;in e. ni. f. of 0.02 volt for highly acid gelatin between 1/1000 nnd 
1/10 KC1 (esti.apolated). This is : i l u o  not larger than the effects 011 the ma- 
jority of m:tterials quoted above. Loeb’s figures are not eon~pt~r :~ble  with those 
of Moiid, owing to his entirely different method, and m:tinly I)ecnuse cquilibrium 
is established a t  the surface of the gelatin. 



The maximal electromotive etTect o f  the concentration as seen it1 

plants is the only suitable object for artificial reproduction. as its 
magnitude is much 'higher, rangiiig froin 0.09 to 0.1 volt for the 
interval 1/1000-1/'10 mol. KCI. an t i  particularly kcausc in  this case 
only a somewhat limited numl>er o f  selected substances is exclu- 
sivelly capable of reproducing it .  Such substances are : salicylic 
aldehyde, nitrobenzene solutions ( )  i salicylic acid, picric acid, fatty 
acid, lecithin, or solutions of these acids in some other solvents like 
guaiacol,3 also nitrocellulose (collodion) in an air dried state (ac- 
cording to recent investigations o f  Michaelis and Fujita." As an 
example, the effect may be quotecl which is observed with a pa ia -  
col + oleic acid mixture as ceiitral conductor bet\\-eeii 1/1000 and 
1/10 KCI; this is 0.1 volt, a valiie ahout five times as large as that 
given by Mond for his alkaline gelatin cell.") 

I Reiitiicr, 13.. : i i i d  bleiiitotr, .I.. ~"KoI-.  SOP.  EYP. Rror,. a m  MED., 1927, xxiv.  
42. 

Mend, YI., Pfli/.qvr'.\ d r c l i i u . .  1!)?4, ccii i ,  247. 
J Bentner, R., E ~ i t . s t v l ~ u ~ ~ . q  rlry.fr. S troemc iti  Gc*ic.ebeii S t u t t g a r t ,  (F. Enke) 

Am. .7. Phpaiol., !920. J .  A m .  Chem. SOC. ,  1913. x\;sv, 344, :111d 2914, sxxv i ,  2046. 
1913, xxxi, 343. 

4 Blom, Oker, Pfliiger's Awhzc., 1901, Isxxiv, 191. 

t i  Fujita, A., Riochenr. Zeitschr.. 1925, clix, 370. 
Rohonyi, Biochem. Zeitchr., 1914, Ixvi, 231 and 24s. 

Fujita, A. ; also Michaclis, L.,   rid Ih)k:m, S., Biociirwi. %eit.vchr., 2925, elxii, 
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The Effect of Hyper- and Hypotonic Solutions on Oxidations by the 
Red Blood Cell. 

It has previously heeti repurte(l! that :li?tier the proper conditions 
of nutrient supply, the adult retl I,lood wli has a \veil defined nietab- 
olism. At the same tinie it \ \a* h)\\ 11 that tlialyzetl solutions of 
hemoglobin have the power to  oxidize the same sul)strate, sodium 
lactate to CO,. While the osidatioii by the rtxl cell is of long dura- 
tion and consitlei-al)!e iiiagnitutle as cotnpared with the same activity 
in the case of heinogloliri, ( J I W  may suppose the blood pigment is 
associateti \\.it11 this oxitlati\vc. nc.:i\-it!. o f  the cell. That this is the 


