
255 F~unuaxk-12, 39151 SCIENCE 

The curves of the Alaskan stations, the Fort  
Liscum curve in  particular, display practically 
the same variation as that observed at Are-
quipa. 

The more important conclusions of my re- 
search are: 

The dust veil procluced by the ICrakatoa 
eruption affected atmospheric temperature 
very greatly. The violent volcanic eruptions 
of 1902 as well as the Katnlai eruption of 
1912 influenced the yearly mean temperatures 
but very slightly or not at all. 

The pleionian variations of temperature 
have nothing in  comnlon with the presence or 
absence of volcanic dust veils. 
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SPECIAL ARTICLES 

ON THE NATURE OF ANTAGONISM 

EXPZANAT~ONShave been suggested by Loeb 
and others to account for the antagonistic ac- 
tion of various substances on living proto- 
plasm, hut  none of thein go far  enougli to 
enable us to predici, what substances (includ- 
ing both electrolytes and non-electrolytes) will 
antagonize each other and what degree of 
antagonisni will exist between any two sub-
stances. 

hi^ hind of prediction is apparently made 
possible by a hypothesis forniulaterl by the 
writcr, as the result of his investigations on 
the pernleability of protoplasm. The testing 
of this hypothesis has now proceeded far 
enough to warrant a preliniinary statement of 
its main features. 

Substances which alter the permeability of 
protoplasm may be divided into (1) those 
which cause an increase, hut not a decrease, of 
permeability and (2) those which can produce 
a decrease of permeabi1ity.l 

The hypotllesis states that substances belong- 
ing to the first class will antagonize those be-
longing to the second, and vice versa. I n  
order to predict which substances will antag- 

1 Substances which cause a decrease of permea-
hility may, if the exposure be sufficiently pro-
longed, cause an increase. 

onize each other i t  is only necessary to deter- 
mine to wliich of these classes the substances 
belong. The amount of antagonism may also 
be predicted, a t  least to a considerable extent, 
since the greater eflect of the substances on 
permeability, the greater will be their antag- 
onistic action. This relation may be obscureil 
by secondary causes, so that the prediction, 
which i t  allows will not be of equal value in 
all cases. 

To illustrate these relations we may take a 
series of experiments on Laminaria sacclzarinn 
in which the effects of salts on permeability 
we]-e determined by electrical measurements.? 
I n  these experiments i t  was found that  NaCl 

~ ~ ~ ~belongs to the first class, being able to increase 
permeability but not to decrease it, while 
CaC1, belongs to the second class, as i t  is able 
to decrease ~ermeabi l i ty .~  It was found that 
tlle antagonism between NaCl and CaCI, in 
the case of Laminaria is well marked.4 These 
facts led the writer to formulate the hypotll- 
esis stated above. The next step was to test 
the hypotheses by the investigation of other 
salts. Magnesium seemed of special interest 
for this purpose, as in most of the writer's 

previous experiments (on other plants) i t  liad 
shown no antagonisnl to sodium, though it 

might be expected on chemical grounds that 
magnesjunl and calcium would behave alike. 
TO the surprise of the writer it turned out 
Ihat lnagnesiuln was able to decrease Perme- 
ability, though its effect was much inferior to 
that of calcium. The antagonistic relations 
for Lalnillaria were then investigated, and i t  
"as foulld that MgCl, was able to antagonize 
NaC1, though its antagonistic action was much 
less than that  of CaCI,." 

This striking and unexpected result strength- 

2 The method is described in SCIENCE, N. S., 35, 
112, 1912. 

3 The decrease is folloved by an increase if the 
exposLulebe suficiently prolonged. 

4 pringaheinl,s j t ,hrh,  tc;iss.~ ~ t . ,  646,f. 54, 

1914. 


6 The means by vhieh the degree of antagonis- 
tic action are measured can not be discussed here. 
One method has been described in the Botanical 
Gncette, 58, 178 and 122, 1914. 



SCIENCE IN. S.VOL.XLI. NO.1050 

ened the writer's c'onfidcnce in the hypothesis 
and lcd to further investigations, One of 
these which was of spccial interest related to 
acids. For a number of reasons it was sup- 
posed that acid would not cause a decrease 
of pcrnieability. But  investigation showed 
that such a dcrrease actually occurred in the 
presence of HC1 and i t  was the11 a simple 
matter to predict that antagonism would be 
found between NaCl and HCI. This turned 
out to be the case, the amount of antagonism 
correspondil~g to tllc arnount of decrease of 
penn~abi l i ty .~  

The hypothesis was further tcstccl by inves- 
tigations on otller salts, the most interesting 
of which are those which (in contrast to those 
just mentioned) are more effective than CaC1, 
in decreasing permeability, such as I;a,(NO,),, 
Ce,(NO,),, etc. I-Iere also it was found that 
the degree of antagonistic action could be 
foretolrl by observing the m o u n t  of decrease 
of permeability p~odiaeed by the pure salts. 
The results of these invcstigatiolls afford 
strong support to the hypothesis. 

Tt seems to the writer that  the hypothesis 
offers a rational explanation of antagonism by 
showing that  salts antagonize each other be- 
cause they produce opposite e f fects  o n  the pro-
toplasm and by stating definitely what these 
effects are (it should be noted that they have 
been nieasureil wit11 considerable accnracy). 

The so~~ndncss of this point of view is in&- 
cated not only by the fact that we are ablc to 
predict both qualitatively and (to a eonsider-
able extent) quantitatively the effect of com-
binations of salts7 but also by the very signif- 

6 The Jowr?zal of Bzochewtislry, 19, 1914. 
7 It sllould be noted tha t  n~ixing solntions of 

two salts ~cbich belong to didcrent classes does not 
produce an  effect which is ~nercly intermediate be- 
tween tho two. For example, tissue may be killed 
by an  expowre of 24 hours in NaCl or in CaCl, but 
remain normal in a mixture of these in the proper 
proportions. Cf. Pringshcim's Jalwb. f. W ~ S S .Bot., 
54, 645, 1914. 

The writer has found cases in which two suh-
stances which can decrease permeability are able 
to  antagonize each other. So f a r  as  the mi t e r ' s  
experiments with Laminuria have gone there is no 
great  amount of antagonism in such cases and 

icant fact that we are able to cxtentl this con-
ception to orgnnic compounds and to show 
that non-electrolytes which decrease perme-
ability can also an tago~ l i~e  such substanc*cs as 
NaC1. These facats indicate that the hypotllesis 
may be applied in a gcr~cral manner SO as to 
inchldc both e1ectrolytc.s and nor1 electrolytes. 

IT. 5. V. O~TERI~OUT 
T ~ A R V A R D  UNIVFRSITP, 

LAB~RATORYI'TIANT1'111 STOLOGP.O F  

IBOL.4l'ION O F  BACILLUS RADICTCOLA FROM SOII; 

Err~:nsince the epoch-~nal<irlg achievement 
of TIcllriegel and Wilfarth, reported in  1887, 
which establishecl the symbiotic relationship 
between bacteria and Icguaics i ~ rthe f ixa t io~~ 
of atmospheric nitrvg~rr, t11e legume bacteria, 
named in 1901, Barillus radicico7a by Beije- 
rinclr, have been the ol)jeot of numerous in-
vestigations in all parts of the world. These 
investigations have ass~~med a variety of forms 
and were planned from both the economic and 
pure sciencc points of view. Thcre has ever 
remained, ncverlhcl~ss, the unsolved problem 
of tile direct isolation of Bacil lus radicicole 
fi~om the soil. Sporadic attempts, rather fcw in 
number, h a w  bee11 r~~acle to attain that  cnd, hut, 

rcbat there is  may perhaps be eorrclated with tlrc 
fact  that  all substances sllich derrcnse permenbll- 
i ty  do not  act allke, sonle proaucinp a muelr 
greater declea~c than o th~rq .  Aforeover thcse snh-
stances mill, if the esposuro be sufficiently pro-
longed, alter t l~pir  action and increased permeahrl- 
ity. The rapitlrty of this rbange varies with dif-
ferent scihstnnccs and thi.; may be related to tho 
fact  that some of these 5uhstances :~ntagoniec each 
other to sorrlc drylee. This will be  more fulIy dis- 
enssed in a subseq~lent paper. 

E~per imcnts  on some plants ( in whicll the cri- 
l f ' ~ i o nof antagonism is not eIectiical resist&n.ncc 
but gronth) shon a fnlrly strong antagonism be- 
tuc.en magneiii~nl nild exlcinm. I t  is  possible tha t  
for tliese plnnt5 mngncsium belongs in the first 
class. 

I t  mill bo noted tha t  the hypothesis, a s  here set, 
forth, says nothing abont the mutual relations of 
substances bclonging to the  same rlass but  merely 
states tha t  substnnees of one class will antagonizo 
tllosc of the other. I n  this form the hypothcs~s 
js colnpletely justified by all the experiments, in-
cluding those an  organic substances. 


