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The Eleotrioal Properties of .aaoteria 

number of investi gators have observed the irovement of bacteria and 

other cells in an electric field• Little seems to be kmwn of the details of 

this phenomenon, but it is e~lained by assuming these cells have an electric­

al charge and that the movemant observed is true cataphoreais• ~urface tension 

has been suggested, also, as an explanation of this phenomenon by assuming that 

the potential. gradient of the electrical field produces a gradient in the sur­

face tension of the film of liquid surrounding the cells and irovement re lts 

toward t he region of lo er surface tension. If this cell ~ovement in an elec­

tric l f iel is due to an electric l charge of the b cteri 1 cell, an under-

standing of this phenomenon · ould prob bly lend much to an e .q>l a nation of many 

of the reaotions in which bacterial cells take rt. It i a connmn observ -

tion that bacterial oells can be brought into closer p roximity to one nother 

by centrifuging after heating above the thermal death-point than waa ssible 

before. 'fl:le explanation has bean offere thclt a loss or c e in the alee ri -

al charge is the responsible factor. Like ise an eleotrio charge o be consid- (' 

ered of fundamental 1mporta11oe in such reactions as ggluti tion, or the ~m-

biniDg of a baoterium with an antibody. Just hat the nature of the eleotrio 

charge supposedly held by cells really is does not at present seem to be under-

stood. .Qxplanations based upon the difference of dialectric constant, the 

Helmholtz double layer, adsorption of ions, and ionization from the urfaoe of 

th:! bacteria have been offered· '.L'he experimental results of the different in­

vestigators of the oataphoresis of bacteria do not al~s agree, and the indi-

vidual results of JD3JlY of them Juve been subject to ~ide variation. rnasmuoh 
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as it is very difficult to determine just what has been actually established 

at the present time, it has seemed necessary in undertaking work along this 

line to conduct experimants covering the n:o st fundamental considerations. ~he 

types of apparatus used by various investigators have varied greatly in oonstruo­

tion and O,IX'3ra tion as both maoro scopic am mioroscopio methods of observation 

have been employed· Much of the apparatus used has not been adequately describ­

ed, and some of the apparatus described as used for this ork seems faulty am 

incapable of giving constant results. .Because of this, it lns been found neces­

sary to expend much time in the development of an apparatus that gives results 

that are constant and would seem less liable to gross error. 

It has been noted in the work reviewed that all experiment 1 work 

has been direoted toward the vegetative form of bacterial cells. ~'Urther, it 

has been observed* that inconstant results with a given baoterium could be as­

cribed to the age of the organism in that opposite re sults ere obt ined hen 

young and old cultures were used· ill order to test this possible variation to 

a still greater degree, it was thought advisable to oarey on ome experimental 

work with a spore fonner in that such bacteria represent in their vegetative 

and spore forms the extreme in young and old cultures. it is oon.Jidered essen­

tial here to review the work of some of the investigators in this field hose 

work has been conoerned with bacteria and bacteri products both for the ex­

perimental observatioD.S which ere made and also to consider the types of appa-

ratus used. 

Field** and ~eague determined the electric charge of bacterial toxin 

and antitoxin. Their experinent was perforned with the ap:raratus in b'ig. 1. 

* Proo. Hoy. ~oo. London B. 1910, 82, 041 

**Jour • .1!4XP• Med. ol. 9, 1907, PP. 86-91 
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~he two U tubes eaoh 2 cm. in diameter and 20 cm. long ere filled with n:elted 

agar and cooled• Distille water was plaoed in beakers l and 3 and antitoxin 

or toxin in beaker 2.. ~he U tubes were then plaoed as shown in the diagram. 

direot current was passed for four or five hours, the water in beakers l and 3 

being siphoned off and replaced every thirty minutes to eliminate the effects 

of the products of electrolysh in the tubes. 1'he tubes were removed a:a:l the 

gar was then pushed out of the ends which ere in the electrode oom rtments. 

4.bout quarter of n inch of the portions th . t dipi:ed into the toxin or anti-

toxin was discarded and the rest of the mass divided equally. After rinsing 

each portion in distilled water, it was chopped up and pl aoed in 8 cc. of dis-

tilled water for an mur after which the agar was removed by str ining through 

gauze, and the respective filtrates tested for toxio or ant itoxic pro rties. 

It was fou.Dd that both toxin ani antitoxin moved toward the oatmde d that a 

ohange in the reaotion of the solvent does not o use a reversal of the oharge. 

1nce both toxin and ant 1 toxin bave a like charge, ield and ~e e concluded 

that the combination of the t is not a trm che?:lical reaction but the adsorp-

tion of one by the other • 

.&:he technique adopted by b'ield and ·.i:ea!!Ue as very ingenious and the 

results seem to be good• ln regard to the electrioal charges of cells, 
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Thornton's work is comprehensive. 

Thornton* studied tha kataphoresis of organisms in a drop of water 

rich in pond scum. he pl ced a drop of the suspension on a glass slide, plao-

ed over it a f inch cover slip, and studied with a 1/12 inch oil innmrsion 

lens. -.rhe current was admitted t each s ide of the cover slip by means of plat-

inum wires connected to a switch so that the polarity could be reversed. A po-

tential gradient of 75 volt~ per om. was the hig.~est that could be conveniently 

used. His chief difficulties were in maintaini~ contact between the electrodes 

and the drop, in the cell s adhering to the slide and cover slip, and in distin-

guishing between the movement due to the streami of the liquid and movement 

due to the electric foroe. ·xhe diatoms and unicellular algae 100ved toward the 

negative pole, and the amoeboid organisms toward the IX> sitive pole . 

Paramecium as a rule was found to go to the negative pole . ;hen they 

were found in clusters, they went to the positive pole. ~Uglena vent to the 

positive pole• ~hese observations, however, were not eotirely uniform. 

olvox, a filament of vaucheria, sphoerella, plantagnis , leuroooo-

ous (ohloropeyll green alga), alJd protooooci from moist gro th all ent to t 

negative pole. 

B. typhosus, B. tuberculosis, B. diphtheria avium, B. prodigiosus, B. 

lactic acid, B. pyocyaneus, B. coli communis, B. ~riedlander, arcina uranti-

ac , arcina lutea, and staphylococcus ireus, spore be ri b cillus, ho g 

cholera, pnsumococcus, when taken from young ot ively growing cultures and ex-

a.mined at onoe were found to go , ithaut exception, to the ne gative pole .•• 

Ho ever, old cultures and those ~hich sho ed poor growth, although subcultured 

twenty-four hours before examination, almost al ys moved to the positive pole. 

Blood cells and yeasts rroved in opposite directions, the yeast going 

* Proo. Hoyal oo• LOndon B. 1910 Vol. 82 P. 638 
**Proo. Royal soo. London B. 1910 vo1. 82 P. 641 



to the negative pole and the blood cells to tl:e positive. rn a field they mov­

ed past each other and, after oollisions, cont inuad in the original direotion 

with velocity unchanged• From this, he oonolu:le3 that the oharges are mt on 

the outside, otherwise they would, at least to soma extent, ooalesoe. ~'lnears 

of blood cells and yeasts dried for several days sho the same charge as fresh 

cells on being moistened • 

.i!'rom this data, '.rhornton believes that one omi re sonably ooncl ude 

that fresh animal oells have a negative charge and vegetable cells positive 

oharge. lie states that this might provide a sensitive me ns of determining 

whether an organism is vegetable or animal. 

lhornton reasoned that since the only meohanio l force an electrio 

field can exert is on an el ectric charge, the opposite movement of cells indi­

cates that they are oppositely charged. Kimball hows that another explan tion 

is possible. A drop of mercury resting on the bottom of gl ss tube contain­

ing sulphuric acid through which a current i~ pa sed moves toward the n g tive 

terminal. ~his, Kimball accounts for by ssumiJJ8 that the surf oe tenJion is 

lowered on the side of the drop toward the catb>de. 'J!his theory my al.so be 

extended to explain wey some organisms move in a certain direction. 

~rnton admits that lla enoountered mailY diffioul tie , d th t his 

results did not always cbeok• '.J!his was probably due to failty teohnique. up-

on attempting to work with bacteria usilJ8 his oover slip method, found it 

impossible to distin6'Uish definitely between Jll)Vement due to convection cur­

rents and true polar migration. Oo ard observed that, 1! the potential differ­

ence bet een tl:e charged particle and the electrode is suffioiently great , the 

charged partiole may even be attraoted toward an eleotrode of like sign. thus , 

working with a high potential and having the electrodes close to gether, '.l!horn-
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~on's observations would be extremely liable to error unless they were made ex­

actly midway between the electrodes. ne also bad trouble ith onvection cur­

rents of liquid which start ed flowing almos t as soon as the current was turned 

on. 4hese would confuse the observ tions and natur lly we c nnot pl ce much 

confidence in his co nclusions. 

His results do DO t check with those of :.ceague and .Buxton• who found 

that normal .B. pyooyaneus, aggluti1:1ated .B. pyooyaneus, mrmal .D. typho 3US and 

agglutinated B. typhosus moved to the anode am that upon oidifying they IOOved 

to the cathode· ~hey used the apFQratus shown in tb:l ~ig. 2. 

0 

r .l Cl 

fter the current bad passed ibr a tim3, thl suspenaion appe red as in i g . 3. 

:.cha results of uernovodeau and Henri** oontradiot those of ..cbornton. 

They found that B. anthrax, the coli b oillus, B. typhoStls, 'f • .B., taph aureus 

traveled tow rd the anode, ~howing t hat they had a poaitive charge. .B. of dys­

entery Flexner went toaard the negative nd therefore had a positive charge. 

.JJ.l these b cteria were examined in 

nine without phenol and acid fu.ohsin. 

~tery oh ber in the presence of thio­

• Flexner quickly colored deep red 

al:ld all the others a blue• Oernovode u and Henri be ieved th t these ~t ining 

reactions of the bacteria ~ere to be explained by their electric charges, since 

thionine without ppeml is a positive colloid am acid fu.chJin i 

• Zeits Fur P~siohalisohe vhemic 1907, ol. 5 P. 62 

**Compt. em ,oo• Diol. Paris Vol. 62 PP. 866-904 
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' lloid. 

1hey state that the electric charges of bacteria remain the same af-

ter killing by heat and, when acidified, the electric charges become much dimin-

111 a '{ 

ished andAbecome o. 

Mme. Girard M.angin and • Victor .Henri* foUDi that red cells ~uspend -

ed in pb1siologiaal sal. t solution or sucrose solution m:>ve to ard the anode. 

Lillie suspended spermatozoon in isotonic sucrose olution, /4, and 

examined them in an electric current umer the bigh power. :i.:hey traveled to'BSrd 

the anode with their small enu first. ·..i:his, he oonclwes, shows that there is a 

difference in potential. between the nucleus aild cytoplasm. JiOWever, if e con-

sider a spermatozoon an insulated conductor, we rm.y offer a different e pl na-

tion. 'e may regard a spermatozoon as a conductor becao.se there are cert in 

ions present within it• Then, sinoe it does not lose its ch3rge when suspended 

in the solution, it behaves like an insulated conductor. In this case, the 

greatest density of charge would be on the projecting terminal filament• ~he 

whole spermatozoon would be attracted toward the same electrode, but the small 

end would n:ove first becauze it would be z:x:>re strongly attr cted, due to its 

gr eater dens ity of charge. 

~he determination of hether the ~permatozoon and ovum have different 

charges would be an interesting problem. '.J:he ad of the spuim.tozoon pem-

trates the· ovum first. If this penetration i due to difference in o ge be-

tween the spermatozoon and ovum, it mi t indicate that the nucleus of the sper­

matozoon has different charge from that of the cytopl sm and be in support of 

Lilli es theory. 

~he technical. difficulties encountered in carrying out this type of 

experiment tion is attested to not only by the inconstant resulh obtained by 

• ompt. Rellli oc• ~iol. Paris ol. 8 :PP. 275, 1903. 
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the various orkers, btlt they thsnsel ve oall ttentlon to the d 1!!1oulti a mat 

th. 'J:he great source of error 1s t.he oonveotion aurr t ioh L t in 

l!X)st forms of paratu used, especially those in ·ch ob " tion de 

~n. th a mioroscope on a small :portion of a cro seotion o the eleotrio 

•he c use of these oonveotion ourrent are _rob bly m.'.llly, ong hi 

iel • 

y be 

mentioned the heating effeot due to the eleotrio ourrent; oh ge in t den 1-

ty of the liquid adjacent to the electrodes; the meohanical effeot ot bubbles 

forming round the elect ode from the eleotrolysis which bray oc ura; d 

changes in the ~urf oe tenJion due to tho p roduot ot eleotrolyJis, 

differences of potential . 

t d 

~he roducts of el ctroly~is present IX>thor gre t difficulty. .l.n 

~ experimen on the zrovement of b cteri in electric !iel by t micro-

oopio method, the produotJ of olectroly:Jis fb ed t the electrode at b 

completely eliminated from the portion of the field uoder o tiny. .Ln b 

terial suspension many ionJ, ong iah re vl, li p ent . 

chlorine h oh i:. very toxic to the b cteri oe to t •• ihe O.ti ion.a 

lo go to the mde c uJi t.he re o ti on to b eoom m 

gen o to the o tho de• .Ln p~siologio salt l tion er e n:Dre 

ion than ions• .he od iUI:J unite 1th ter to tbrm h ch 

b lanoes the oontribution to ~idity b the J;\ ion.a d on entl 

tion becomes very stron y l line romid t o tho e. f of 

electrolysis are llo ed to diftuse thro b t fie d 0 0 oteri 

gglutinated · onveotion rrenta 0 cells hi ob ve b di oh 

or have reoeived 0 Jite char e t the electrode b - into fl ld under 

observ tion hero they be seen to ct differentl7 than fo e ly. 

~o avoid eridont orro J Jever l type of p r tu.s ore built d 
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used. 'l'he type finally developed and .ibioh ha given oonst t findi ,s is here 

described in det il in ¥ig . 4. It is oonstruoted entirely of oon-

c 
B - __ r ---

l 3' --- ...--

sis ts of tw:> upright eleotro de chambers Iii ' con.meted by t o system of 

b:>riz.ontal tubes B and .B 1 • :che lower .B1 , has inserted midw~ bet een the eleo-

trode vessles a stopcoak, »· .i;he up:rer tube, s inserted in its oentr l po-

sition a fine glass oapillary, ~. .i;he eleotrode o re 9 om. hi gb and 

made of glass of I cm. bore• 'J.'he lx>rizont system of tube s of imil::i.r tub-

ing and tube B s 60 om. in length• J.'he c pill cy s 4 am. long out 75 

m1cra in diameter , this diameter bein determined pproxima.tely by com ring 

with human red blood cells. direot current of 110 volts u ed· .-he f l 

in potenti l bet een the electrodes band b'is the thro ~· a throu 

~~'. dinoe the c ill ry is infinitely s 11 to tba rest of the 

tube, the resi~t ce in v is infinitely gre t in ison to the r ,... ini 

resistance, y, thereforo , SUJ:J th t the ent ire f 11 of t nti 1 

oomes in the c ~ill ry. ~he potenti radiant i s then bo t 27 olts p r o • 

~he distance ~u~ as bout t feet . :cbus, cultures could bo st diod fOr 

hour~ ithout the roducts of eleotrolysi inte r feri 

found in one type of r tus in hi.ob p illary ~o acted 

t elootrode v ssels that current of i uid no e through the o ill&r 

hen a potential gradient existed• 'l'he explan tion for this iJ _ ob bly aif-

ferenoe of surface tension in the t electrode vessels ioh in turn s de-
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pendent either upon the products of el ctroly ... i.. .. or upon the potential g di­

ent, or this oan also be ex:plaine upon the basi of the electrolys13 of water 

oausing a chat1ge of liquid level on the t o sides of the capillary. It is be­

lieved that the tube :S reduaes error from this souroe to a negligible minimum 

in that any tendency for chw:ige of level of tm liquid in the two chambers can 

take plaoe very rapidly through the 1 rge tube B 1 • .Uso the tube B 1 allows 

oo rk to proceed rapidly beoause the liquid comes to equilibrium of level very 

rapidly when suspensions are introduced. 

:.i;he use of a capillary tube has several advantages• It al.lo s a com­

plete oross seotion of the pathway of moving oells to be Ullder observ tion at 

onoe; it concentrates the potential. gradient in the tube B to limited space; 

and it re100ves the potent! 1 gradient actually used from the vicinity of the 

electrodes and products of electrolysis. It ap ars th t eleotroendosmosis 

must ome into consideration here. 

In a c illary cont ini distilled ~ater, · e have condition re-

sembling that of fine gl ss particle su3perxied in water in hioh the l s be­

comes charged :regatively relative to thew ter. ln a o 111 ry, the gl 3S ccm­

not move, bu.t the ater being free to move is di pl oed throu the o • illary 

toward the cathode. vohen formulated a general rule fbr the oharce 

substance ill have hen suspended in a liqui • .a.e postulated th t the sub-

stanae i th the higher d ialectric constant is itive to the other. 'l!his rule 

is only an approximation for pure liquids and breaks down completely for tery 

solutions. ~herefore, since bacteria give out salts when placed in distilled 

ter, this rule eannot, to any extent, be applied to bacterial uspen ions. 

7e must, then, rely upon a study of the displaoements of t baoteri in the 

capillary to detennine whether there is a movement of the water due to the 
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fact that it becomes charged oppositely to the glass. In the case of a salt so-

lution, there is not much probability that the liquid adjaoent to the glass ill 

beoome positively charged due to the pulling of sodium ions into solution from 

the glass since there is already present such a large number of sodium ions that 

a few m:>re would have no great effeot. In a capillary as large as 75 microns in 

diameter, the effect produced by the water next to the glass becomi?Jg charged 

could not be very great• ·1'he cap illary is very 1 rge in 001I1p3ri~on to the or-

ganisms studied. lt is 75 times larger in diaimter than a stap~loooccus and a 

stap~loooocus is far from molecular size· "hus it seems reasonable to suppose 

that even in oase the eleotroendomosis of water actu:i.lly oo ura, it o n :D:)t im-

pair observations in the center of the capillary. 

In a c apillary with vecy thin walls tbe curvature of the out3ide cir-

cumference aIJd the inside circumference are very ne rly the same. Ona can, 

therefore, see through it aJ.JIX)st the same as through a plane piece of glass• If 

a capillary bas relatively thick alls it aots like oonvexo-oonoave lens oh 

is thinner in the center than at the sides. One c nnot see anything in this 

capillary unless oil of i.m?mrsion and cover slip are used to make the neces-

sary correction. 

cap illary is not 3ui table fi>r the study of b o teri in strong 

acid solution on account of the heat develo d· 'he greater the hydrogen ion 

concentration, the greater is the conduotivi ty of the solution. ·.che he t devel-

oped in tts is equal to the product of the cur rent in amperea squared and the 

2 
resistance or ~-I ~he re~istance equ ls the !all in potential in volts di-

vided by the current in amperes, or /I. '£hus , hiie the resistance is de-

a.11 
oreasing in-1 arithmetic ·1l r tio, the current is incre sing in geometrical ratio, 

and there must besome point as the hydrogen ion oonoentration is increased here 
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t heat oduoed oannot be r lated f t enough d te ill be to d. 

ilien strons old solution used bubbles 

soon ~ the oir .... uit as olosed. 'J.'he circuit 

baoteria could be observed· iVhen the current 

ed in the c pill ry mo t 

thus broken d no movement of 

s turned on with the bd>bles 

present they tended to expand and, hen the current turne of, they oontr ot 

ed to their origi 1 volume• ·his i .. d to expl in. !<'in ly, hon the o ir-

cuit s left losed, the o pill ry e loded. 

ln our e periment the b otori used :i sro on g r odium 

the tiioo ot growth being 16 hour .. to eek in different e eriment • ,:m b o-

terial suspension was ured into the p r tus 9hi been t roughly le n-

ed· 'J:he b otorial 3\23 mion in the o pill y ob erved er t mlo o oo 

and the cells ere seen to be st tionary • upon clo l e oir alt t coll 

ere seen to rove, 11 t e cells in entire cross eotion bei 

on openina the o ircul t the mi tion of cells tel 

beil:Jg entirely dead-be t. avers of the our rent brou ht bout 

the cells in th opposite direction. lt po alble tD 8 t 

the pill a 1br 24 hour3 

.rodu:ts of electrol;ysls. 

.:>t phylo oou 

or 

pr re , ... oribe bove, 

ob erv tion s oon tant in 

re in th t t cells ere f r 

DO t e te .... iv tudie • 

e cel s to . e to t 

experi nt with this 

ing both 16-bour ult· es d 7-d l 

vleible. Up-

nt 

r.ov t ot 

b cteri in 

ved m t 

u 

i 

.i..n further 

nt of experiments 

cells to the md .s took pl oe • here d to be no v 1 tion in 

old s of lo ooi. I 

org i c.. hen killed b he tine t 85 de for 5 minute ved to r<l ~ 

anode with rently the s velocit as the s oell... hen ive. rrom this 

it base cells ative ohar e it is the s 
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whether the oells are ol or young un is ot lost on de th. ~erilronts ere 
the 

like ise pedormd to determine the effect of the nature o'ft< re ction upon pol r 

migration . suspension of living stap~looocci s aoidi fied to P .u. of 2.9 

and the cells were seen to cigrate constantly to the anode. This oovezoont 

still ooaurred after the ruspension had stood in the a 
A 

mtus for 24 hours. :JUs-

nsion of the same organisms h3n killed by he t aDi then cidified to like 

degree moved to the IDde J did the unhe tad cell. 

In repeated e rixoont., with living suspen.,ions of the vegetative 

forms of Jj. subtilis, B. megatherium d ..B. bienstoold. in an electrio tield, 

migration of these cells to the node al s occurred· L!any experiments ere 

performed with tl:.e .., ore forms of these org nisms and in .,uspenaion of e 

~.flOros migr tion to the c tbode 1 ys took place . The f ct that pure oultures 

of ... !'.Ore., nd re cultureJ or venet tive cell... l -ys l?X)ve in op osite direo-

tions seems to in io to th t they do have opposite eleotric l cl ges · Ho ever, 

if assume that there is liquid oonvection current set up in the o illary 

when the oircuit is closed, due to the liquid becomi clnrged differently rel -

tive to the glass , several conditions e equally possiblo . 

The convection ourrent may :flo either tow rd the o thode or anode. 

Let us for the oonvenienoe of e lanation ssume that the velocity of this i'lo 

is Let us first suppose th t the ireotion of the liquid tre 13 to rd 

th anode· Then, since the vegetative cells IIX>ve 1 o to ard tbe anode t re 

are three P9ssibilities. irst, the vegetative cell IIB be ttr cte to rd 

the anode; eoond, t ey y not be ttr oted t either pole; ' third, 

they be ttraated towar the o t ode t velocity less t n t t 

same time, inasmuch as the .. pores oove toward the catb>de, they must be ttr ot-

ed to ard the cathode at a velocity greater than x. o , let us sup se that 
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the direotion of the liquid stream is toward the cathode. ince the vegetative 

cells move toward the anode, they mu t be attr cted to rd the anode at a veloc­

ity greater than X; hile the spore , on the other hand, may be either attr ct­

ed toward the cathode not ttracted toward either pole or they may be attr cted 

toward the aIDde at a velocity less than 

In any of these c sea, at least either the veget tive cells or the 

spores must be attracted tovard an electrode because the t :vo forms m::>ve in op­

posite directions. .Furthernoro, if we assun::e that this polar attraction is dU3 

to an electrical charge, then,from the evidence at h':l.nd, we are fully arranted 

in asruming that, if the vegetative cells am spores do not bear opposite ol:arg-

es, they must at least maint in a difference of electrical potential. 
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