
together all the peoples of the earth. I believe 
that the ar t  which was founded by Slexander 
Graham Bell, our first pioneer, mill provide the 
means for transmitting throughout the earth 
a great voice proclaiming the dawn of a new 
era in which will be realized that grandest of 
all our earlhly aspirations-the brotherhood of 
man. 

JOHXJ. CARTI-
A.\IERICANTTLEPHOKEAND 

TELEGRAPHCOIIPANP, 
SETTORK 

Osr: of the characteristic properties of sus-
p e ~ ~ i o n s  finely matter in generalof divided 
anil of bacte~ia in particular is the fact that 
under ce~ta in  conditions the particles remain 
discrete, whereas, under other conditions, they 
collect into larger aggregates, i. e., they ag- 
glutinate. This aggregation or agglutination 
is caused by certain concelltrations of salts or 
acids and in the case of suspensions of ~bac- 
teria by proteins and especially by the homol- 
ogous immune serum. I t  is evident, there-
fire, tliat there mnst be a force which tends 
to keep the individual p a r t i c l ~  apa1.t from 
each other, and another force which tends to 
hold them in contact. I t  has long been known 
that such particles carry an electric charge with 
reference to the surrounding liquid and i t  was 
early suggested that i t  was the repulsion due 
to the charge carried by the organisn~s which 
prevented them from coming into contact; the 
attractive force has usually been assumed to be 
snrfacc teniion. Many experiments have been 
pe~formed to test this relation of the charge on 
the particles to the stability of the suspension, 
bat nearly all have failed to show any defini.te 
relationship between the two phenomena. Bn 
exception is the work of Powis2 on the coagula- 
tion of oil emulsion>. Powis found that coagula- 
tion occurred wheneyer the potential {between 

1h detniied account of the work described in 
this paper has been published i r i  the J .  Gen. 

[Vor. LVII, Wo. 1469 

the clrops and the surrounding liquid was re-
ducecl below a critical value of abbut 30 milli-
volts. The stability of these oil emulsions there- 
fore is determined solely by the potential of 
the droplets. I n  the case of bacteria, 'however, 
it  ha4 been found repeatedly that agglutination, 
especially by immune serum, map occnr with- 
out any change in the potential. Some quali- 
tative relation has been found between the acid 
agglutination point and the potential in2smuch 
as the potential passes through a minimum and 
changes its sign at the acid agglntination point. 

I t  d l 1  be evident from the result of the ex- 
periments reported here that the difficulty with 
the bacteria suspensions is due to the fact that 
electrolytes affect not only the potential and 
hence the repellent force but also the cohesive 
or attractive force. In  order to account for the 
obselvations it is therefore necessary to measure 
botlz. 

The experiment,, performed by the writers 
were carried out with thoroughly washed sui- 
pensions of B. typhosus and the bacillus of rab- 
bit septicemia. The potential was ealc~zlated 
from the rate of migration of the organisn~s 
in an electric field. 

AGGLUl'IXATIOS BY SALTS OR ACIDS 

I t  was found that the expeltiments could be 
divided a t  once into two groups; first, those 
in which agglutination was caused by very low 
concentrations (less than 0.01 N), and second, 
those in which high concentrations of electro- 
lytes were needed. I n  the first group it was 
found tliat agglutination occurred whenever the 
potential between the organisms and the soln- 
tion was reduced below about 13 millivolts 
(either positive or negative). I n  this case ap- 
parently the stability id determined solely by 
the potential. I n  the second group, horvevel; 
there was no critical potential and agglutina- 
tion with many salts did not occur even though 
the potential was veduced to a value too small 
to measure. This distinction between the two 
groups is not clue to a speoific effect of the 
salt, since the presence of s higli concentration 
of sodium chloride for instance, which dom not 

pkys;o~, ,  ~~l~ and 1922. neferences cause agglutination in any concentration, com- ~ ) u ' ~ ~ ~ ~ b ~ ~ ,  
to other ~ o r k  will also be founil i n  these papers pletely prevents agglutination b~ acids.3 
and have heen omitted from the present summary. 

2 Powis; F.: 2. physik. Chenz., 1914-15, lxssix, 3 It follows from this experiment that in deter-
Ilii. mining the zcid a,gglutination point of bacteria 
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I t  is evident from the above resulls that tlie 
agglutination in general can not be accounted 
for  solely by changes in  the potential. The 're- 
snlr., h~owever, are what might be expected if 
the salt affected the attractive or "cohesive" 
force as well as the potential. I t  was found 
possible to obtain a comparztii~e measure of the 
adhesive force by determining thc force required 
to s e ~ a r a t e  two glass discs covered mith a film 
of the bacteria. These experiments confir~ned 
the supposition mentioned above. They showed 
that high concentrations of salt decreased the 
attractive force between the organisms. R1-
though the potential *required to keep them apart, 
is also decreased, and in very concent~ated salt 
is reduced to zero, the cohesive force is so in- 
significant that the organisms do not aggln-
tinate, despite the absence of potential. 

.4GGLUTIKA'iIOS BY Y E l S S  OF PROTEISS 

The agglutinating action of various proteins 
ivas found to #be the same as that of salts, es- 
cept :hat no effect on the cohesive force was 
noted. The addition of the protein affects the 
potential and if the potential is decreased below 
the critical value a,gglutinatio~l occu~s.  I f  the 
potential is increased the suspension 'becomes 
Inore stable. This is  evidently p a r t  of the 
mechm~ism of the so-called "psotective colloids." 
The amount of protein required .to rednce the 
potential to the critical valne and to cause ag- 
glntiriation varies markeclly mith the p,, and is  
much less \\-hen the protein and bacteria carry 
chc~ges  of opposite sign. JThen 'the bacteria 
and p ~ o t e i n  both haire tlie same sign, t,he s h a ~ g e  
on the bacteriz. may be ir tc~sased.  This ex-
periment sholvs conclusively that the union be- 
tween p r o ~ e i n  and "oacteria i3 not determined 
solely bx the attraction due 40 opposite charges 
since according to this view no combillatioll 
sh'ould occur hen the two have t'he same sign. 
It appears probable that the union is governed 
by secondary ralerice forces and is of the same 
type as the reactions studied by Langnluir in 
the fomn~ation of surface films. The isoelectric 
point of organisms coated with a protein is 
changed to that of the protein. 

buffer solutions of high c,oncentration should not 
be ~;se;i,but ?he experinlellts should be m:xde with 
dil~.tionsof :i suitable acid. 

THE &IFCHAKISlI OF AGGLUTIKdTION WITH SOR-

&fdL S S D  13i&IT-NE SERUM 

The effect of normal o r  immune serum was 
found to depend on the conditions of the ex-
periment, especially as regards the salt eoncen- 
titation. I f  dialyzed serum is added .to a sus-
pension of organisms in distilled water, fhe 
potentjal of the organisms is gradually tie-
c:*eased but not sufficiently to cause agglutina- 
tion (in the case of typhoid bacilli), i. e., the 
potential is still greaier than 13 millivolts. I £  
aizy salt solution is now added to this mixture 
until zhe potential is decreased to the critical 
value of 13 millivolts, agglutination occurs. I n  
other ~vorcls, the inimnne serum prevents the 
yalt f ~ o m  decreasing the cohesive force between 
the organisms and the agglutination of or-
ganisms tibested with immune serum is deter- 
mined simply by the polentisl. The agglutina- 
tion of organisms sensitized with immune 
seruln therefore takcs place whenever sufficient 
electrolyte i-, added to ?educe the potential to 
the critical value of about 13 millivolts. An  
excess of tvivalent ions 01' of some divalent ions 
may cause the potential to change ils sign anif 
l~ecome greater than the critical value again, 
in which case the suspension again becomes 
stable. 

If tlie experiment is performed in the usnal 
way by adding the serum to a suspension of 
I lle organisms in sali solution, the mec.hanism 
is different. As has already been stated, the 
addition of ordinary neutral a l t s  such as NaCl 
in fairly high concentrations to a suspension 
of bacteria clepresses the potential to a very 
small value but agglutination does not occuz. 
owing to the fact that the (cohesive force is also -
decreased, so that although there is no force 
keeping the oorganisms apart, neither is there 
any force to draw them together and  no aggln- 
tination occurs. I f  now immune serum is added 
to this suspension of bacteria i n  salt solution 
~t is found that very little or no change is caused 
In the potential but that the cohesive force is 
Increased and agglntination therefore takes 
place. When the experiment is performed in 
this way, therefore, the mechanism is just the 
reverse of the one described above in which the 
salt ivas added to the mixture of serum and or- 
ganisms. TT'hen rhe salt is added to the mixture 



SCIENCE 


of serum and organisms the cohesive force re- THE WORK OF U. S. GEOLOCICEiL 
mains constant, but the potential and bherefore SURVEY 
the repulsion [between the organisms is de-
eseased until it is less than the cohesive force 
and agglutination therefore occurs. When, 
however, the serum is added to the organisms 
in the presence of sufficient salt so that the 
potential is less than 1 3  millivolts, the cohesive 
force is increased with increasing concentsa-
tion of serum until i t  is greater than the re-
pulsion due to the potential (which is not af- 
fected by the addition of the serum) and ag- 
glut.ination again occul.s. 

INFLUENCE OB THE PE 

It was found Ihat the acidity of the solution 
markedly affects the amount of either normal 
o r  immune serum required to cause agglutina-
lion (when bhe organisms are  suspended i n  low 
concentrations of salt). The nearer the iso-
electric (acid agglutination) point of the or-
ganism the less serum is required for  agglutina- 
tion. A deteiwination of the amount of anti- 
body combined with the organism, however, 
showed no inorease i n  this range. The number 
of units combined was the same from pH 3.5 
to pH8, although the amount of serum required 
to cause agglutination varied tremendously over 
this range of pH. The same amount of anti- 
body when combined with the organisms there- 
fore evidently has a f a r  greater effect in this 
range of p,, than i t  has farthe]* from the iso- 
electric point or else other constituents of the 
serum have a greater effect near the isoelectric 
point of the organism. I n  any case, there seems 
to be no connection bet~(i7een the sign of charge 
of the antibody and organism and the com-
bination between the two. This experiment in- 
dicates that the serum or protein forms a film 
on the surface of the organism ~vhich then re- 
acts like a particle of the pure protein. A 
similar mechanism was suggested by Coulter" 
to account fo r  the effect of serum on the acid- 
agglutination point of red 5lood cells. 

-$ Coulter, C. B.: J .  Gen. Pl~gs~:oZ.,1921-22, iv, 
403. 


Exrz~o~a-r~oh-sfor  potash, investigatioas alld 
explorat~ioas of present and possible oil and gas 
fields, of coal fields, and of ore deposits and 
mining districts, paleontologic researches, work 
in chemistry and physics, and investigatioils of 
surface and unde~.gi.ound water s c\oui'ees are 
among the pear's activities of the United States 
G-eological Survey as  mentioned in the ailnual 
report of the director, just made public. The 
n u m h e ~  .of einployeea i a  the Geological Survey 
llolding iqegular ,appointments was 877; most 
of them are field men whose varied work rami- 
fies into every state, in  addition to Alaska and 
other outlying territory of the United States. 
Besides these a small host of temporary camp 
field men were employed-soclrnen, teamsters, 
cooks, etc, Some of the inost impo~tant .  things 
that the Geological Susvey has to show fo1. its 
~\-ol.li are geologic suwers  ~vhic~h cover a wide 
scope of practical and scientific activity, em-
;bracing 32 states; topographic mapping in 
21 states cove~+ing 13,544 square miles and in- 
cluding more than 5,000 miles of levels and 
primary traverse lines; more than 11,000 
measu~ements of stream fl,om in 31  states and 
iiive.estiga.tions of underground maatera i11 1 0  
skates. 

The survey also actecl on more than 35,000 
cases referred to it in connection with the ad- 
ministration of the public lands; and made a 
decrease of 3,914,000 acres i n  out;tanding 
government. coal reseryes, of 110,000 ac;.es i n  
outstanding petroleum reserves, aniI of '398,000 
acres in  phosphate i*eserves. There was, how- 
evey, a net increase of 268,000 acres in he area, 
classified as phosphate lancl. The present 
acreages clausifierl and  reservcr.1 by tlle govern- 
ment as coal, petroleum, oil-shale and phos-
phate lands are : Coal, 65,000,000 ; petroleum, 
6,500,000; oil-shale, 4,100,000; phosphate, 
2,700,000. The survey also made a net in-
crease of 635,000 acres in  power-site reserves, 
designated 382,000 acres in  Xeracla under the 
grotu~d-water reclamation act, and made :let in- 
creases of 5,700 acres in  public water reserves, 
of 3,989,000 acres i n  enlarged-homestead desig- 
nations, and of 4,778,000 acres in stock-raising 
hol~lestead designations. The T17ashington ofice 
cljstributecl 602,000 copies of book pubIications 


