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ZLASTRGPRCRATIC STUOILS CF IOGHIACOLUTINATION

The machaciss of the agzlutination resctiocn, and in
partisular that apooial case of 1% in whickh cellular antigeas
pensitized with speoific im:umo ssrum are the floculasting
particlss, hnoa Dasn oxtensively investigated, The detalls
of the prueéaa vary from ong type of particle surfsce %o
anasthor, &8 wsll as from one Lyps of suspendinz medius to
snothery but the underlying prineiples spverning sll the
various sanifestations of tho rosction are applicadle to
saok individual type of systen,

. Pordet 1n 10999 deoveloped hls two phese theory on the
meghanism of sntigen antibody resotions, the irst phese
belnz the oo:bination of antigen and antidody and the second
phase & resction mitéoﬁ.&m itsell in various ways such
as precipltation, aglutination, or lysis. Agzlutication
here 13 just a epsoiel ease of several possiblilities that
oan follow the prizary antigene-antibody ropotion. In kie
exporimental work Sordet found that sensitizsd bastoria
washed and suspended ia dlstilled water formed sisble suew
pensicns. However, 1f a tracs of sralt 18 sdded to tulas
suspension, egzlutivation immediately uezins to coour,
Thus hs denonstrated the importaace of electrolytes in proe

dueinz sgrlutination,
pBechkold in 1904° dlscoversd that the eatiocn was the



effaotive nront causian rreelpitation and that 1ts effliolency
incressed grestly with the valonos. Tullock™ explained
arzlutination by onalogy, eormparing It $0 hant and to &loo-
holle preelpitetion of rroteln, la2 bellevad that protelin
onating the surfece of e particle becameo denatured in a
sinilay manzer es host oy alochol esn alter protelns,
Buehenan {n 1919 stressed the negative charge oarried by
tho suspanded perticle as the siablliizer end surfeocs tension
as the agrraezsetor, Lsrteisld snd ﬁltagarll. on Lhe other
hand, rogeried itho oherga a3 of saall Lfaportance Luld stressoed
the effaset of hydration &t tha surfece of the particle,

these workers axd meny sthers have vlayed m port in tha
deovelopaent of the present theory of agglutinetica.

Kopthrop end de Eruifl® 1p 1923 preposed & thesry lor
the cochanips of agrlutinatlicn based Qron a groat anmount of
experinentsal wirk whileh has formad the bosls £or the prussut
genarally scoepted conaent, Thelr thoory hea not bsen or:ate
1y altered nor ssriocusly challenzed sinoe that tims, In
sesenos theoy eoncevivad of tw opposing forces aating bLeilwoen
particles 1n suspenslon, ouns, the elaeeirical oharge ou the
perticle prozoting esuspension aiadbility end, the other, the
“sohiesive foree™ promoting eg-regation and counseguent gracipe

f1tations Tha inportant feature of thelr concept was that
nol thor the foree of repulsloen nor that of attraction oo ld

bo ¢onsldercd slouns but esoch played a daefinite rolse In the
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process of sgriutination, In gensral thoy couslidared dboth
tha potential carried Ly tho partizliss snd the "gohenlve
foren” an belng affastsd by tha Rrdrozen foa coneésniration,
the wsld oonssatration, &nd the prosemes of profelin s the
suspending modiun, sspeclially apociflie lmmuns ssrun.

Tue oharge wes concolivad as doaling o Alffuse double layer
at the purticle wedlws interface and 1a =oat seticfactorily
explalined on the basis of a Donnan syulivterliu. In gensral
a eollinlar particle onrries a negative oharge. Thls oharge
ia greatast la eclutions of nonslectirolytes and diminishes
in meammitude Wiith inorcesing fonla strensth.  Seversal of
the slrn of aharge oan cecur glving & msasurs of the anphow
torlie natures of the surfece of tha suspeaded particle,

The “sohesliva force” bYotwesn partieles 1a difflieult o
explalin,. In tha cthee of tho azzlutination of normel une
eensitizod aells the cchealvenasss inerecases with dlminishe
fnp slootralyte sonceatration,l® his vay b due to an
inarsesed surface tension or %o a loose chenleal comblines
tlonj elther possibility ¢an be explained et lesst in part
by considerinz the deszres of surface hydreation. Jeaaques
Lnebxa for exannle, has shown that the stability of inerd
ecllodion partioles in suspension and nonspacifically coated

with protein 18 not solely depondent upon the clarge sarried;
put is also dependent upon the hydrophyliec naturs of the
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coating sudstance, If the sdsorbad molsoules have a rruater
affinity for sach cther than for water, this tonds toward
inetablliity. If the mdleoculas have a grostar affinity for
wter, thon soh susponsions may rensin siabla even in the
ahaence of a canonetradble charge, In peoral incrsasing
ionie strenzth from wery dllute scletions up to about 0,15
normal lnorsaces the derres of surfaoce hydratlion whsrces
furtiar lancrosse ia salt conoentrstion trinze about dehye
dratione Firnally salting out %akes plece in vory conssutrate
©d soluticas,)?

ith perticlon senpitized by im-une sorun tha "ochesive
foroe” csuld be a speciflie chomical combinstion s has been
phenn by lsidelberger end fendsll in the cees of ths pnsue
mosogcus ylysaceharide O m,l" or 1t eould ba due ta a
debydrating offect incident to edsorpticn end “denaturation®
of the coating substencs.l® Ia thie comnsetlien Northrop and
8o £ruifl? goaniuded thet the *schesive forga® of pensi-
tized oells resalined unsfrfected by chansa in 9lectirslyte
conaentration, This would indisate thaet the Torce in e
speolfie cheniecnl sonblimtion, As for degres of hydration,
1uddl? nae shown thet normal rod bleod colls are relstively
hydrophoble, and that whon thosa ars sensiticed with fmune
sorun they baoome rélatively hydrophyiies, but at tho same
¢tine thelr power %0 agziutinate badoncs gronlor,

From the above discussion 1% is evident that surface
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dehydratica does not satisfactorily account for the incroesed
“achasive force® of ssusitized oeslis, If epocifle ghemlical
affinity 38 aleo considared, the explanation is much mors
conplote. To ba sure one ean also conslder this incrasscd
ohealoal «Sfinity of sonsitizsd surfaces, cccording teo
mzug. as 4no to dehydrelion or "densturation® of the
adsorbed protein filn, Flaally woe tan conelude that both
epovifio chemleal gunbination end tha stste of hydration
oan play vary important parte 1an deteraliaing the power of
oohenion,
Twa definitions era fa order &t this polal, une, the
lscelestrle polint, end the obber, ths eritical potential,.
That polnt at whiech a particle falle %o rove in on
elettzrie fleld 1o kavun se the fscelectrie poelute Thism 1
the polnt where the ocollular surfseoe carriss no ohargs or
cles csrries su equal nusbor &F puglélve aud nssative chare
geds  Lere egilutinstion coours st rag;zm:i:;’.m
he potentiel st wihielh agciutingtion Juet Tegine to
egeur i knoun e tLs erities) potenmcicl, In gonersl it
variss cith the salt 2ocovntration, vith ths hydregen lon
ecncuntiretion, wiilt the pregence of protein 1o solutive,
and wlil tho pregeces of lonuns zonaa. 201 of lhwew frotors
effoot the mecnitude of the "ochesive foree™ sl the clarge,i®
s000721ng €0 Noritro) end de Dralfid, therefove,
agzlatination of both sonsitlized and unsenelitized susponaions,
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1a Qependent upon these twn Torces, potential &nd col.aslvee
ness, If the potentisl 1s doorcesed while tha cohsgivensasn
raneine the sarne, & critical rpotentiel will be vozelsd bolow
wiich ke suspensicn decomss unetatle, I both the “ooheslive
foree” ond the potentiel ore deorsarssd then the suspensien

ney roecein stedbla oven in tho eheanee of & Soemonairatls chsrge,

Horthrep end de reutel® g14 not theortze o to the
rature of the cocheslve forenl btus they ware able fo demonsw
trate 1ts presancs and to show that 13 was effected in the
zanersl mexnoy dessribed ahova. Thelpr thoory of bagistial)
poslutiostion has undargeons 1ittlic chenre since they firast
proposed 1t, and the prineclipls line of 1¢a expansion hzs
besn & rore adeguate sxplanation of what the “echselve foroe®
really s,

I% has besn shiown in souae instences, thut the "eohesive
foree” ia depandent upon ab leest one or the other of the
following fectorst spoeifle chomical continseltioa, surfacse
tanslion, and hydretion. It & cartein thaet chsnne 1n the
docsroe of bydretion Wrinns about chanse in surface tensiong
but 1¢ i & quoztlen aa to whsther or not hydretiocn g the
only favter that dctemiirca surface toneion, eersaeed hy-
¢ration of the susponded perticlas ceuges incronged ifnatow
bility,

wheroas the abovs giuiles have deeoa 1imited to the
nochanisn by which bactoeris sre agzlutinsted Ly salts and
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acids es wsll a8 by is:uno bodles oLbtsinud throush salmal
inceuletion, no sdeguets Lavcetigation has Leon made of the
moohanis of {sokemeg lutination, In the latter case the
eatidodliss ocecur naturally 1a human blosd plasgsa, and the
typs of agzlutinin present is deterzined dy herodity, It
thersfore appoarsd Lo be depirable 5 muke & study of tho
zuohanims of this type of reagtion,

Tha axperinenis horwlin ropoerted ere 8 study of leohsrage
glutinetion of huwmn rod blood celle, inelulins the aoffeet
of salt soneeatrstion, acldlity, ssrun proteln, isclienag-luw
tinine, hatevrohamagslutining, sad trve antlbodlss. An
eflort wans nedo ts determine eny 4Aifferonces Lutween tha
four lanistelnaer dlood groups oo tho tasis of ecararharelle
mobility and to s0s 1f there wore apny &l fforonces betuoen
1sohenarzlutinntion, hitero-hamagslusl mucm,‘ end trus
antigens-antibody rasction, 1-.1‘

Throughout this work the four blocd grounas will be
reforrad to as O, A, B and AD oa the basls of the antigons
contained within the colle. Ths serus normally present with
eaoh typs of col)l emtalasxe, @, A sad o azglutinins
rospetively. O oelle are not agrlutinatsd by say of the
four types of eera end ths serum froam AB cslls Joaes not
azzlautl- ete any colls, tLharefors the euntigen in O colls
and tho antibody wiih 4B cells ars only hypothetical. ibene
avar the oomblsstiong Ao, BA, 0F ABae, ote, socur undar tho
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propar condltloae of temperature, time, and ecaceairation
arzlutinnticn tekeo plage, The followln: dlasraa furthsr
filiustrates the eouposition of tha four prounaes

In thalr clascieal work of 1G28% lorthrop anl (e Lruyrl®
dexongtrealed the effeets of salt concontration and of
acidity upon the potential of baaterisl eslls. For exexpls,
thsy found that Ibertholls typhi in 0.1 molar Xall carried
& sharge of about 2.5 milllivolts and that es the saslute $n
the susponding medlun wos nade zore dilute the necative
csharge beonse inorvesingly graatar uatlil ot a conceatretion
of 109 wolar the potontiel was =39 »iliivolts, Those
auilors slso showed the effect of hydroresn ifon glving laoe
elentrie polnts for twy types of Ybactaria situdled,

Agoording %o &bramnan,a bowover, the iscclectrie polants
of mammalian rod blood cells emunct bo deturnined. Le
shored that tha ¢olls wors always lyepd or the surfaces
altared by eold before any raried lewering of nodbility
ocesurred, He pointad out thast reports in the literaturo
giving lsoclestirie polints Lo marmiian rod blood eslls were
Bot thoss of tha normal colls but those of decwnpositlion
produdta,

&chroﬁnr,z4 fsclated from human rsd Llond ¢ells of
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types 4, 3, end AD substundca of & lipoid-lecitiin neture
wiieh she claimed were sstlve with ischemarglutiasing snd
that wore fsolegirie at FL ¥ 2,7, a hylrogen lon songentiraw
tion thet would quiekly destroy normal cells, Although
Sruynoghe? hes reported recently thet the ischomagslutinsgens
are protels in pature 1t Is still reasonable o assumne thal
at least part of the colluler surfecs iz gonnesed of Lulae
11poid tyze of substancae MNaid hasz ghown that noysal huen
red blood cells are wmore aszlly wos by i)l than by wmter,

& furthar inllcation of the 1ipoldal neture of thelir sure-
tasonl?

& rroblon of thaoretliesl Interest hore Lz whellur oy
not the presunadbly lipoldsl surfaces of Yicod eolls cen
sdasnrd prateln in a nonspoeiflie wary, It i held thot wheom
a particle 1ls sorplately costed with & protoln, the partlie
ole approaches the pature of ths added pubstanse having o
#obllity approximating that of the adsorbed protela.ls 3%, 18,83
M&mmn" shoagd that stiereas geleilin would eoat guants
varticlas end chniosterol 1t hed o slmificant of’sot
upon blood eells, Lonaghen and khited® ehowsd that the
nobility of red bleod calls was unohsnged by addivion of
prateln %o the suspending mediuvm, %The evidenve Indleantes
that rod colls o not edacrd protela in & nonspecifie way.

In 1926 Denroder® made & etudy of lschemagrlutination
fros & physioaleshanical stondpolnd. She dgtermiaed the
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gharpes on huan rod blocd cells in Lotk seru: cvutainlag
homclogeus Ischaecarslutiniuns aad 1n sorus i ehich the honoe
lopous lachomozglutlinlug were Lot praasent, wslng ssrum
Alluted 314 Wil laotonilo zuorwen sllphily bulforsd with
phosphata o I'h 7.8 Tho oslla end saruwa uanier investiste
tion ware laoubatod for onoelnll hour ad 37 8., bBolfors dotore
niaations of uoblilility wire nmads, Under ths oonditions of
her sxperinsents sha Lound thad calls ia ths adsenes of any
horsologous 1eshomazziutinia eariied a gcharge of B3, = 23,
millivolts, In the presencs of tha homoloscus $muuns Wwdy
tharo wap always a uinutiocn §a thse charss end the spritliesld
poteatial ransed from 12 to 15 wllifvoltis, That i, a8tlue
tinstion alwars cocurred sumsvhare withis this ranze,

Pu}.ahwm repaated thies work of Ighpoder datermining
the titer of the ischanag-lutinatisns serun slong with the
robllitye Ho 414 not state the esmet dllution of esrun
ueed rensrkin: that 1t wes usnd in low 41llutica. 16 used
1sctonle sucrose slichily Wuffered with phosphats an &
diluent. Ha eoncluded, as Oohroder 414, that lschamagrlue
tination was slways ascoupanlied by a lowering of potential,
and furtber that the deorsass in ¢harge was 4dirsetly relatad
to the titer of ths sspruws, Uowever, his ecaleulstions of
eharge ran coasistently higher than those of fehrodery hae
gave a8 the srisical potentisl Z1l.3 =illivolss,
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“ssoteris agyuire an ignslzatrie point geyar thet »f the
ediad prmtain"ai‘ T™hie balng the oeew zaxirelly sensitiged
edlls will U8 laceleetric nour the iscelestrie rolnt of the
sdacrbod substance, Isoterisl antizens meximally sensitized
wlith homzlozous lrxcune rebbit somsa bave shown iscelestris
polnts renging Crom Ph §.0 to S.8. The globullin aslted oud
of the sane syryr wee lsveleoirlio et ih S,1 %o 2. Thosp
colls eironvlr seneitized with imwnz meruws havs besn 1sow
electiric &t adbout Ph 52218 Thzse results indiomto that in
tras antigeso~antl body resotions, ths aspecifis 1rmmuie sube
staves 1o sazocietod with ths globulis frection of the soruz.
in her work on ischemsg-iutination, Sehroder®s and 84 ...
siuded 2wt tha feohemmecliutinine ore eleo sssoclateld with
the ziodulin fraction of the sorum, espeolally the euglodbus
lin,. '

By determining fesaslestirie polate of hunen rod blood
celle meximally sonaitized with ifsohemeprlutining, hetepoe
hemagriutining {(eow perun), and with true entibodies cbtatned
by raddblet fnocoulation 14 wppeared fsenible to dun nstrate
s differences balwesn thoess thres types of sgrlutination.

*on the quastion of asegpeelfie edsurption thurs s consider
aLle question 88 ¢ whiat happens &t Lhe eellular surface.

In the ceze of luuns reasgtions, ons polial 1ls agreed, th-%
&u&g%anaﬁ» fo the sensltizin: sarun deponit ugson the antipen
RUTLEHOR
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1o Cataptoraeels Lell

GERPDZINORLE Whe miar&aadﬁia maLhol fo
Javersining ealephoratlio mWllity was ased, Tho eaxll wos
YonBLTucted alflar wie Hovthurop » Tunlits a;:aratwa,lg i
@3zsntizl perte balag a contrzl flat eapillars tube with
Lnelndsg slagblrades atimsied b2 oitler and &l Nadlo "BY
battarien uead {7 furnlzh an wxtaran) soures of Gaefe 7
nowlvg i pokentiel predisat withlisn thr flas aanlliler;
tube Iy which Zeterminetlions of moBlllity vers made as w3l)
22 0o time rogulired for s pearticls to travel a certaln
Gistanee the resulis sasn b osaverted to mlierons per pecond
ner volt per esntimeler, 1m othzr words, esn be ecnvertsd
te tin nutbyr of mlovons traveled per geoond with & potential
grediomt of 1 volt per centimetor. Further, If the dleleotrie
eongiant snd the viceseliy of the Alffuce doublae layer o~
tvoen the partiole sad the surrousding nellun sre kunowe, it
e posallls to convers w/see/volt/fes, o pretsctis) differs
ense botwoon the perticle end the mediwn. In preactice tha
dleleeiric sonstans and visooaslty of the suspeniing rmofilum
ere used, it belng sssuned that tLhey are not vory different
froa those of the &iffuse Coubla layar.4
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The above photorraphs wors teken of tha osll used ia
the sxperinsnial work. There ere two gnall platinuz elog-
trodes ssaled inte ths walls of tho ceatsd Llat capillary
tube wileh were used in standerdizing tho cell. 7Ths two
tErse~way stopeoeks ot elther end of the eentral place pore
mitied ready conmwsotica to the £illing and dralningetubes
ugsed to rewwve and replaso suspanaions and slse conneetion
to thes eleatrode chanbers for raklng deterainetlicons. 7The
double throw switoh tu the side made 1t poasible to take
rsadiage iz both ddrceilons without ap-rseisdle loss of
tite. Tha syaten of lansos used in the nicsroscope uss a
16 ma. objeclive and a L0Z ooular conialning an oye pluce
vleromstar. Tha sine elseirodes were 1n conteet with
saturatod zinc sulfate durling all Jdeterzineticns Lo prevaat
polerizatioc:s The mellsz on olilher wmlide isedlan funto the
slagtraode ehambazrs econtalined satursated Ring sullfate o that
the slzotrode vessels ¢o:14& e washind out fraquently to
rosOve any graotein preciplitetes that nmight ¢ollset at the
stopoosk opanings.
iotsrminaticn of Potential Greadlent

1% ie noceszary to rnow tha droy ian potentisl throuweh
the flat capllilery tuke, Lathor then moeasure this potential
for onoh dotar ination, it was mosnaured for sevaral typas
of sloatrolytos to be used later as test modla before
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exparincnietion bezan, Civen eny 23711e¢d voltage Letween
the 2ine elsgivodas, this wvoltase will bear # definite rotio
80 tha potontiel rradient within ths call,

For a specifio exsmnle, the dlstance bLetwean the Lwo
platinug elzetyrodss wna Sound 40 ke .24 om, The woltaze
froa sing o 2ine Mith Q.01 molar phosphate rade isotonle
with suerore and sdjusted o Ph » 7.8 was B.95 volts. A%
the sens tine the potantial) drop from pletinas o platinus,
noasured with & Lesds«lorthrep type K potentiometer, was
103 vo.t8. Using this dala then

XS e w 1403 .18
wz WO X Sew % 0.109

whoro ¥ 1@ the voltaze drop from platioun o platinung ¥,
the woltaze fros lne to zinej ani ¢, tho distance botwoen
tha two platinum eleetrodes, X 18 the fastor by whisch eny
applied woltage fron ging to gine em be multipllied o glve
ths dron ia potontial par contimetsr withlin the £lat coll
1ta0lf, provided the sane el:zoirnlyte wns vsed in the tuat
as was used in the stendardization,l?

Zince thore wmms no way to prevens polarizatiocn st the
platinum slastrodan 1t was novsssary in standerdizing to
make 2 lerge nuzber of Cetsrmliuations epproschling the correct
value rom both zidee until e reading wes cblalned which
418 not change after repested trials with tha same elegiroe
lytae
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Tha saturstsd gine sulfate in the flastrcede chanbors
15 an exesllsnt emmdustor as esrparsed to o dlluts eleg-
troleies usod within tho coantoer part of ths o9ll, Practie
oally wll of ths rosistancs of the eyntos takoea place within
thn esntral p@rtimn.lﬁ With the varioun eleetrolyles up to
(.08 nornal the fastesy fop deternining yaﬁant&al gratient did
no bt wary astiseably «f th chanpge of aoncentration. Froux 0.085
noroel up o (.18 noram) there =as aignificent varlstion
due o the rroater conduetivity of the moyre congentratsd
olootrolyte, For exsunle ths factor for 0.0) moler phog-
phate was 0,100 thie held truse oy Q.00 molar 68 wall,

Iut Sor 0,130 moler phosshisto Lho L2886 w23 0.094.

Two troublesoms soureons of error in gattiag the corract
potential gradiest bolh in e¢xperimants o5 woll as in stane
dardlzation weras (1} the possidls forsation of cas at the
alootyeodss ond (2) ths presonce of aiyr budbles in Lhs systam,
both of thaegs sausiag incressed rosistanco, Those BOLTCLS
of error ware evolded caly b earoful watohinz,
Deteraination of the Froper Level in the Cell 4% which To

caks Hebillity fisadlnne

e to thoe endomsmutic flow of waler along the walls cof
the aell ths apreresnt mobility of prrticlzs $e not the sone
et all lovels, The veloolty of the particlss Qus to the
slectrio inflasnoes cn them ad eny fepth 1e egual o Lre
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ouserved valocity plua tho woloelty of the £Iinide Tho
volocity of the fiuld may %2 elthor positive or uspostive
depanding upon tha nsture of the aubsianss goniiny he walle
of the ¢4l and the naturo of ths auapending nadlnz, that la,
the dlrzeting of éendoomosie denonds unom thess Taolors, Ia
the case of flak oalls it can b2 shown by methametienl Treasonw
ing and by axperinsntatioa thad the obssrvoed moblilily 1o

the sexme a8 tha roeal mobllity of %he rerticlae with raeneet
to the 11quid st 0.2 eni 0.79 tho depth of the sell.® That
is, there ars two levels in ths eoll where ths endoanotie
flow of Lho weler is caly in & vartiels dlrection, AL these
two levels t¢tho obmoerved ulgzradtlon refte of tha partielse is
no% affeoted by any aoscloratioa or retardation fus to the
wotlon of the liquid, 1Im Siim work, the upper leval of tha
cell was wasd for most readlngse

Trogtment of The Dxvarimentsl lelte Chtalned from Cataenhoresie

Leasurenmts

In making o roadlns the time requirasd for a pariicle to
travel a cortsia 4istance was moazured with e stop wateh
and et the sane time the woltags drop scross the tw: zino
eloctrodos wans cbrervad, The dnta wos then ccavertsd 0
u/sac/volt/en. and roported s3 such or ecnverted to poten=
tial difference if the dlelaecirie ooanstent and vigeosity of
the suspondliyx wediue oould ke abialned,

Tan dlelcotrie consiunts were obhtalned from thoe



Internetionnl Critical Tmbles. &Aceordins to Abramson and
kogerd tha dislecirle constants of sslubiocns up to 03
nornal do agot diffor markedly {roa Lthose of tus solvonts ao
that Choose of Whe eoldvaals oaa ve sudetliiuied oz thaze of
o Bolatisos With reasosadly &courets resalla. The dialege
tric conataats «f thae exxet 2 latlens used gould oo e fo.ad
s0 tha dlslaecirie sonaiaald of lsotaonis sucrs2e was uwsed in
et inataneas.

The ¢#lescalty waea doatspsinsd with an Ustwald visconedtar,

The roomn tamperaliure was raoorded slony with sanl ex-
porioant and then correspondlin- ¢usrrectiona in vigoosity
snd dlslsotrie constand wors tede.

The potentinl Qiffsrenss {(zeta olentlsl) vas ealoulatad
by means of the Helmholtzel'ercin formula J§;#4$55 v

whore A m tha viceoalty of ths mediuz) D e the dteslsatrie
gonatand and ¥V e u/sec/volt/feon. (all uniss contimabavresrams
seovnds and elassirostaties unita), In cekxinz a celoulation,
the nunsrator is zultiplied by 10*% ¢, ¢hangs mioronsg per
seomd Yo dontinetoers par gsecwmd, eand 1% 1e multiplied Gy
3002 to chnga the preaatlesl voltage units to elestrostetio
unite, 7Tha zete poteatis) 1s then syprecsed in slestrostatio
anitu, Thare 13 n»2 unit cf mass in the formula. Tho Zela

potantial s f{adependont of ths sige of ths ?ﬁrticla.l%

Eydressa foa ¢ontentratiosn was edlusteld by the
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potanticootrio nathod, Yho apparatus was a guianhydrons oute
£it Crom the Yeloh Uanufecturing Company eapabls of agouprs=
ey to within 0,03 of a }h unit,

ALl solutions ueged wore maede by dlluting e sloulated
valuse of en fsotonlie eleotrolytell,.ld normal) to one llter,
with Lsotanio sucroee. Triprle distillied wator was used
throaghoute
Leternination of ™Cohesive Foroce”,

Gines ths sgzliutination roesetion is ﬂaymnﬂan& not oaly

upon the oharge corrlied Ly tho particle But aleo wpon fta
cohesivensas, 1t ssened expedlent o meanure this "cohoslve
foroee™ elthsr cirectly or in 2038 way whloh would glve
veluss proporticnal to $te

Attonpie were wals to mossura LR'as eshoslivences i a
rannar eimilar %o that used by Horthrop end denrulf?®, The
apparetus used wae esrantially two plaln glasas platss one
ploce of wileh oould be ettached Ry fins wire t ths spring
of & Jolly balanca and the othur plece of whleh was alloesd
to rest horlgsantally oa ths Loticsm or vortloally on the side
of & suell baakor. Jeverel plalin ground pless coverslips
ware fashioned to Lo used as the top pleoce, scme to hang
horizontally end cthore to henz vartically. %o run 8 mogne
urenent e surfaoe of sach picese of glags vas sneored with
dlood ¢ell and the film sllowed to dry. 7Ths filmod surfacss
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wors Wen Luoresed fnta a tont soluticn end sllowed to rest
aratnst ossh othar, Afzeor abdrut & miaute of emmteat, the
fores regquirad to seperats ths slatos was measured with the
Jolly balanos wiich waa gensitlve to within 2 »43licrans,

war 30 of these nesarasents wers made with wholly in-
gonsl stoat results, sven wiih dupllieate suspsnsions under
the meres sondlticaa, Fallurs hers can be attributed to e
lsast two feotora, (1) demclyslie always cocurred even if ths
filae wore fixed only by drying et room teupsrsturs, and (2)
1t s vory J4ifrioult to keep the cellis fros pesllins oy
weahing off the glnsa, As this nathod of datapsining "oow
hoslve foree™ was unsatisfeaolory as uand hare, thers will
be no furthor dlecussion of 1t,

A property whieh haslps detormine the "ooheslve force®
18 the degrse of hydraticn at ths surface of the wmrilela,
A4 routh measure of this propsrty oan bo mafe B enploymnent
of Ludd'e ollewmstor iantorface twmtqmmg’o This La dome By
plaoing a drop of ol)l and & drop of suspaneion on a slide
snd dropping a &over slip over the twy 8o thuat thare will
b3 an oilw»wstor Junction semwhore undor the ellps Ey osre-
fully controlin: the sizoe of thz drops usad, the il pheze
will advance slowly across the £1a14 pushins ths susponded
material along in front of ite Shen Ly microscoplic obsore
vaticn one oan gee =hab haprens to Lho sueponiad partiels
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&t thm‘mmrmm, whethor §4 staye $o ths aguoous phate,
whather 1% touches the oll phase, or whather 1t readily
sateres the olls The dsrraa of wotilayr by oll is & rough
neanrs of tha hrydrophoblie property of the particie surfsnco.
For furthar detellsm about this technique sos muyenti0,

4a fopr blood gel) suspensio s uscd in thia work, oo
spuoliel care wos taken ia ragard to concentration sxespt
that all suspensicns ussd wore wadsr 0,355, Tho oeslls ware
uced within 27 hours after obttsining and usually wWikin 10
hmrm,’* AS P values near xeutrality the age of the eolle
soased to have 1ittle offant up to 80 nours old.

“he experimdantal resultsz given below wers obtalned
with the apravstus and ths nuethods whileh have baan deseribded,
During experimentation the central flat capilliary tubs of
the satephorasis ¢oll was Ligken and & now one rad to be
rndes whileh was of eatively 4ifferont dinenslons, 1t ws
satielylns and eertalnly of lspactancw Lo £ind thab resualia
obtalned with tho new oell dunliicated those of the ©ld one
within the linits of experinoental srror obialnsd with
efthor oall. |



Frm the litsrature ong can oeoncluda What inorsnsing
palt concentrablion uiminisles the negetlive charge on bdage
toria in suspension, 1t seuemzd reazoazble Lo sosww Lhat
huvsn o4 ble.d ceils wuld bo affectad in the sane gonaral
way aa wore Dacteria, Tharsfore, the rirst vaperisent was
dasigned Lo test this es unptliony to ses if oryliurcsyius
A58 carry a nagatlve oharge, ead 0 sed 17 incr:zalng eslt
gonoentration would dosroass tils potantial, Incidomially
o thy beale of 2ush an exporizment 84 2izn% La roswible Lo
doataraing soze olsasiroXinaile differencus Wstzesn the tyoze
of bloal celis usad,



EfLect of Mel) Copeentration wpon lability.

Solutlions of varyins concentratiosns of NaCl ware made
and ware brousht %o Lsotonielity with sucrosa ea dassrided
ta the exparimentel procedure, The pi of t-e sslutions cbe-
talned renged from £,2 to 4,8 No sffort wveoas mede to sonw
trol hydrogon lon concentretion, %he blood calle ussd were
wiahod threoe timms fo the sclulions veed for Lhs eataphoresls
toste. CGrenli mumbey 1 glves the resultio of tho offest of
salt concdntratlion upon the mobility of hwas sred blood
nells of types U, & end B. The results are expraosssd as
u/se0/volt/ene. booause 1t wes lapossibiec to sstinste the
disleotrio constaent, used in eonvertiny moblility to potentiel
gitrerance, of the concentrations vaed hare sbove 0,01 nore
mal, The Blood rroups of the ¢eolls vasd are indiocated by
the letters sttaahed by lina to the polnts an ths ehart, The
curve on the graph represzents a roush aversys of the polnle
Jooated, Xo ag-lutiastion was obsorved in any somple. The
sbielsna represonts consentration of Nall in mols and the
ordlnsta Iinlicates veloelty of ths blocd cells oonversed to
u/seo/volt/ea, The minus slzne prafized to the numbera on
the ordiaate indloate thst tho cells curried & nagatlve charge,.

The surve on graph numbar } gives a roush averere of
the moblilitlase obsorved with human red blood cellscf Lymoe
G, A and B {n graded concentreticns of Hall from .00 wmoler
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up L2 W18 soler. from the d1lute te Lhe wors concenireted
the cuyrve feglinae showiiz e otendsy lesn: of neblllity with
inereesing coanentretiop,.
Graph 1
iffect of ealth Concentreticn uwpon the
Hebllity of uman ded Rlood Colls.

. | .

£ oy !

> % |

5 L

> Sa T

/_m. . m 8’ /

~ ” A

N | JwJWl
. | i ) N

0.001 0.0l ol OI5

L ols Natl

hia misiehine nobllity wi<h insrassl o oRcentras
tlon, whlich 1a alpo eary nesly proportionzl to thas decrense
in shergs, shows thnt Yuas rad Ylost colls act 1o the ewss
gannral way en do oth i organls partliceliss espabdble of fowming
falirly aablo susponsiann, That 18, they carry a neratlve
pharze, asnd inersasing salt cunceniretion depressza tils
potential.

Tha polnte on ths zraph Toprasentiiny daterainetions on
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slngle typos of collis as {ndlcated By the lettars, slow that
noe dlfforance besween tlood groups iz evidens on thie basis,
fiesdlnz the seig of lstters O, 4 and B down the greph for
each separate goscentration and thon compuring results ol tho
different dilutions, showe no correlation for the sequeance
of tha oceourrance of thone latbers.

In 01 moler Hall the polnte determined for tho throe
tyros of cells, O, A and I, vory nosrly soinelde showdng
aimoet exaotly the sems mobility for all thras. A% the sene
time tha rate of migretion at this goncentration 1s quite
Kigh, B473 = 2,77 u/fs00,./volt sm. & High sobllity s dasiyre
eble for aoouracy. Lus to the hirh moblility znd $o the
eloee chaokes obtalned hwre with the differant types of cells
in 0,0) molar Hacl, tile eleotrolyte concentration will be
ueed in moet of ths sudbssguont axperisenis.

As momtionsd ebove, Juat es isorzeasing salts soncentras-
tion deoprsases tle vagative charge oan taoterie, so dous ine
arsasing hydrogen ion soneentration. The nozt exporiment
was dealignsd Lo zive s 4etliete as to ths effegd of hyiroe
gon lon on normsal huzas rs4 blood ¢olls and on cells &g lue
tinated by lsohommz-lutinine,

It 1o possible to determine lmoeleoirie polats for smy
bacterie, This fis the Lydro-on lon comcentraiion that Just
poulralizes the pnegative ghargs on Lhe organissg further
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increase in bhydrogen lon eonfers & positlive charge, Acgorde
ing to &Wmua. however, 1% is inpoesible to detsrmine Lsow
alectric pointas for red Ylood ¢olls becsuss asld hanolysls
oocurs lon: befora the poiat is reached,

SO SADOU 951 Be
A meries of potassiua phosphats buffers of graded hydros
gen lon ocncontratlion wore made. A and D colls weore then
obtained and e« pordlon of each {(adbout 0.4 0ce Of packed
ealls) weo addsd to 2000, Of & li4 salino dilution of the
bomologous isohenaglutineting serua esd inoubated in the
water bath at 37 ¢ At the ond of one hour there was mariked
ezgintination in both tudbes but the gupernatant in cach tube
was not corpletely cleare The sensltized cells as well as
tuose not sonaltlzed were then divided into ssyeral partions
and washed thres times in the respective bhuffers Ly means
of ¢ontrifuringe Tho mobdility and the dogrca of srglutina=
tion for ecoh sample thus obtalned were detomsined simule
taneously after e:ch spocinen had bLeon vigorously shaken
19 break up eluaps of cells.

Cranh nusber 2 zlives the results,y The abolssa ropro-
seats hydrogen lon soncentration sxyressed in pil units.
The ordionte dosiznstes the magnitude of tho charge carrled
by the e¢ells, Again the minus sirnas Lafore tho nu:bare on



thae ordlsate {.:dle¢ste nogntive cherpes end the one plus sizs
&b the Lotiom of the graph mesns & yositive charge, Tha
dsttars attached to polints an the zraph show the typs of
eell urod in sach fndividual tost a3 thay 4148 on the Cirst
oreaph, In sddlition, senszitized ¢slls are desiznated by
suffixinz tha syabel for the homologous lsshessgtlutinin
after tho symbol for tha oslls, For essnplsy, AXmosns cells
sensitized with o ezlutinlian, Dirsotlly behind esoh aymbol
oy paly of eymbole, ae the caus way Yo, 18 recorded the dew~
gres of agslutinatlen for thet saiples The surve on the
grapli roprosents an approximate avorage of e chargss
detiornined,

The degrae of azslutination hars 1is eostisncted Ly the
following figurass =, t, I¢ » 8¢ , Z» , 8BRS 4+y  (») mesnn
no szzlutinatlong (¥) means the allshtest poreeptidle eazrlue
tination) snd (1+) to {4s) moons gradec of definite ag-lue
tination, 4+ belng the maxtomum. This method ef eatinating
doagree of ag:listinstica by ohecsrvation enly 18 guite ine
necurateg bul nevarthaless 1t »111 bo useld hors and also
throughout the rest of this work,

Froas the results shown on grash nuxber 8 §t ¢an e
cean that thare s no cafinite raletionshlp betlweun sunsliew
tization end losz of charpge ia thls exporiments, In fact,
botwaan pi 5.8 and 8,1 ths sreatost charge 1s carried at
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rendon by cans or anothor «f the four peoasiblilties, i,
By Aoy oF Bre sach one of thoege four ocmibinations carried
the groateost chiarge et one pil valuo o ancthsr.
Graph B
»ffeet of Eydrogen Ion Concentrsation on the
Crerge of HNormal end rertlally Jensitized
A and B Colls,

{01 Loler phosphate buffers used ss the suspending medis).
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It vill bes observed That no a-glutinetlion was evident
et the tiss of nmoebility detsralipations on ths elkaline
side of noutrallly eand there wore only T rosctions with
tie sensitized cells at pH 6.9 whereas in the preliminmary
senpitising Gn..wwa A 83 D cells with salins dllutions of

the homologous §sohemagziutinins, strong sprlutinatio: ocourred,



This eonflrzs the Cast that Inorsuseld lenle mtrenztl of Lhe
euagending wediva lovers tha potantio}l thus persitiing
erzlutination ¢o oecowr mars rosldlly.

It is vary evident from ths data on Qranh number 2
eithar that sonsitigaticn wss inxemplets or that thoe senale
tipisg sudstanes carried a oharye salrilsar o thst of the
solle, The latter pozsibility le very lzprobabtle Yacasuse
in gsneral antibvodies are kaown Lo e maéiti@% zlobhulian ia
naturs or at lseet aszoclated with the globulin frootion
of the serus and oells 40 not show guch kigh potentiale as
ahom here when corpletely ccatad with globulin. Aveording
to sbramson?, 1t 1s wvery unlikely thot szeneitized red colls
are soversd with a complste globalin film. 5He this es 1%
ney, it soens evident that oily & mell freoetiocn of ths red
osll surface vwas sansitlized end th:t althouzsh this partisl
fila was sulfficlent %o produce eg lutinstios in seyun Gle
luted with saline, % woas lasu”flclent to producs any marked
change 1n the mobilliy of tho cells in ,O) ¥ potassium
phoasphate over a wids ranse of pie

Thae oharge {(«37.,4 to «43,8 mililvolts) ear-led by cells
in sulutions renginy fros pii 8.9 to 7.7 and the sudden dro:-
oocurring at DR 4.0 (0,02 ¢o +2.43 =11211volte) anl the
osgurrence of partliel aclid henolywis hore confirms the work
of ibramson® and of xuad17. Lthat tie lsoslagirie points of
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normal rod blood aells cannot he reasurced due to sold doooume
rosition of the calls bBaforo sny rarked lowering of =obllity
is obsarved,

™ha surve on the graph, representing a orudes aversze
of the vesssuresenis nale bdotwsen pil 8,9 snd S,1, tekes a
siight but definite {ip toward the alkaline side for whilch
no theorstical sxplanetion cowld ve glven,

The deta oo Oreph pusber 8 show th. ¢ acldity does not
affeot the sharre until acld deconpoaition of the red celle
begins Lo taks placd,. On the othzr hand, increasing salt
sonsentration definitely lovwore tho charge. It now beoco:es
of intorsst to determine ths effeat of seruws proteins and
of isohouag-lutining upon the potentisl and the derres of
eg lutination of husan red bLlood cells, €he following seb
of exporinents will be oarried out under esocnditicns aimilsy
to thoss enployed 1ln satting up the usual leboratory egrlue
tination teste sxcert th ¢ L0) molar phoszhate bLuffered to
i 7.0 % .08 will be used inatoad of isotonle saline, The
sodlium phosphates will Mo used throustiout the rest of the
saporizeontal work instosd of tha potassiuva salis.

Lipct ot leohernm-lutining and sarun Moon otent

Lol IR »

he =obllity of cells wse teataed 1o sorun Cllutsd 114
with 0,01 moler phosphate buflfor adfusted to pil 7.3 & «00



3l

2anA % tha anme Sims the daxrea of s2-lqatination was Pasorded,
Aft2- washias throa timea in taotonlie susrose, tho cells ware
pat Lnto esrun containing the tomologous isohoamagslutinin and
for controls 1n%0 serun containinag mo homologous flochensmalue
tinins. The sumpenslions ware Lnculatad for onma-hslif hour in
an inoubutowr at 3790, vefors detarmigtions of nobvllity wore

made, Table nunmder 1 glves the rasulte cof these oxperizonts,
Table I

BEFFLOT GPF I80H KASCLUTINILSG Wl PUlLalisL a0
AQCLUTLEATLION
Gomxn Slluted 154 with LOL) Lolar Phcgphate Dulferi plis 7o65 .05

o

2o

| Galia L apgd Mgster of (e-plas Tnat

' 1
N

SOV Sy eran 5Py W2 YT W WEE L] DA
2 . o

PD. = potential ditference
AGG, = degrgeaf apglutination
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he results given in Tabls number 1 ghow that ths pow
tential carried by cells in sarus contalsing: no homolo -ous
$sohonarplutinin was 24,4 » 26,5 tillivolts,. O colls in
scruws in which no ez-lutinsation is sxpected shiowed the ex-
trono lizites of cherge Just quotad., 4 c6lle ia 2 seruw and
B oolle in A sorum, meithor cozbintion causing ogylutl: etion,
gave alziler coharzes wihich ranzed within the 1lisitin: wvaluce
montioned for O cella Lo 479 perume Uhen thoe ischomeg lutinia
was present, howsver, there waz always & lowsring of potene
tial) and whencver the potantial dropred below about 15.8
1lllivolts sgrlutinetion oocurred, In regard to the one
sxception whore the potontial dropred to 14.4 millivolts
withont cansin; azalutinallion 1t must be ronwmitered thut ths
susponsions word Ingubeted for only cae«half hour before
datarmlstions wore e and that ths rate of forzstion of
ezzlutinated cluups dedvands 1a part uron ths rate of ¢cllie
slon of particles dua %o brownian movement,

In tho case of sensltizsd cells, marksd veriction in
mobllity was charastoristic, capaciclly with those suspsne
slons in whileh thora was 0o agolutisation. For exanple, B
solle in A gerus, tabulated in coluun numher 3 eand showlng
o AVOraZ? oharsd of 1%.0 milifvolts, mave values rang ng
from 14,8 to 83,0 millivolise In theze insteantes a lerge
ausber of readings wore ade On aagh susponsion snd an averw
ez of the roeldinss was raportel, o1th cells in thelr cum
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sarua, the veloeity was ronerkedly conastant, caslly ropros
duelble to within 1. mililvelt. Presazably the narked vare
fation in charre oo pessitized colls waa dus to warying

do reve of soensitiration,

In gonersl those velues confiym the work of Sehroder®d,
£he oancluded that huasen red btlood cells susnended in soerun
net eonteining & homclegous isoheras-lutinin and dlluted
Y14 wdth leotonlie muorose alighily bulfersd with phogsslhate
8t pil V.8 carriod a nopative charge of £3.8 « 25,0 mlllie
voltsl thet cells trezted with the hoamologous iaohoenas:lue
tinin slways Lad & lower potontisli and that whenevoer the
gharge ms roefuced to 12,0 « 18,0 nililvelts, strong sgzlue
Lination ocecurred.

Puloherts value of L1.3 millliwvoltes for the eriticel
potential e not in acrsowent with tha results here. He 413
not state the exagd molar strenzth cf his sarua dllusnt end
thorafors, since we have sean Lhe marked effect of salt conw
eentration uvpon mobility, 1t is herd to jJudze hLis work
oritioally.t?

Mue to the shanse in shsrge produased by ahangs in ioale
atreagtih, 1t is evidont that po work of this type 1s adejuates
ly desorived unloss such detells ars Lroughtd cute

Yo have secn that washed partielly sensitized oolls es -
well as normel colls sarry chargss ranfing from 7.4 Lo 43.9
z21118vwlts in 01 molar phoaphats over = falrly wide range
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of il and thed Increasiny salt oconcanirstion lowsra tha
m=oDIALYe On the othor hand oolls In thaelr owa gerun &llue
ted 134 wliih LO1 moler phosphasts €% i 7.0 carry & chargs

ef sdout £5,%5 nililivolts, Whe guestion arises sa %o wholher
thin lomred charge 1e dus te nan-specitio sdsorption of
rrotelin or to incroascd ionle strensgth aoquired from the
sloctrolytes 1a the slded surumn. The following expariment
wee untertaken with the hope that Lt =iA-ht shed lisht vwron
thase Lwo questions,

The ehargs ob glase poarticles and upen oollodlion pare
tioleom was mossuread both In O} molar plosphate et P 7.5
ant in husan Llood poprwn dlluted 114 with the same Bullfer,
ael muspension was inoubated for one-half hour Bofars
20011ty determminatlions wure made, Ko asgrlutinestion was
obasrved in any sample. Table nadbeyr B gives thn reaulis
of thles expariment,

Table &
Potential of Inert rerticlss in iooled Human Dlood
Eorwus
parns diintad 184 with L0 malap i hognhater =7 728
IR RS G R | N YLD . —
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Tun resulis in labls nusder B slow that ssruws oreetly
elfectay the clargs wpeo esllicdion and glass particlies, I
Lhese L0 cased Wi caa conélier tre roteptiel drop as bsling
cue tao the edzerption of serun protals in & sonspecifle may.la

I% 1la svldont thad saorum Jrotsine do not s1ffest those
rarticles in ths asme way thut $hoey el fs0t Rlocd colla.
Caliodion roartiolss in sozum gcave 8 charsa of 13.3 » 14,0
millivalte and glase particles gaes @ charge off 13,0 » 16,28
rnilllivelts wheraas Blood oolls unier the sams sdndltions
sarrisd & shargs of about 258 millivolits, Thass resulis
isdiests a definlte physleal Aiffvrenns betw - on thae surfacss
1a quastion. Aetording o Lonaghan and mh&tal& A0 DYOw
teing o not adsord %o red cells in & noaspscirie way. The
graater charge on ssrum Lraated bLlosd cells than on Lue
other tws typss of particles furthsr imileates thas vlood
cells 43 not nonepeglifically adeord sorus proteln,

Lince tha charze on red bLlooed osllm ia 01 nolaz sodliux
phosphats over & falrly wide rance of pd renges fros S7.4 to
43,0 =11liivolts, and #ino® the charss oa colls 1a thelr ocwn
sorun &lluted 1:4 a8 desoridad above s abuut £5.85 nillle
valts a8 woll &s the frot that these colls ap sreaatly &2 not
aduzorh gerun yrotein, 1t 1s lozical to zusums that the lowe
ersd chsrre carrisd by oells In ssrun not conteinlinz eny
homolozous {sohemag-slutinine and dilutsd wih 0L molax
shoaphate 1s due to the tnorsszad elustrolyte soncentration



obtalnad from the adled serun,

if only ths elosirolytss in th: goruz ars resssasikle
for the lowered potenilal upon cells in sorum diluted 1:4
with 01 moler phoephate 1 viich no homolozous Isohemer lue
tining sre precent, 1t weuld e Intzsrsstizng &6 823 shal tho
offeat of serun <iluticn would be upon the uhar,a:a'. Such an
expariment miszht confirm or dlerrove ths ssawmntion that
human red Llocd eolls Go-not sdsyrd protoln in e nonspseifio

It hes bezn shown thet tho salt eonoeatration of tho
sumpending nedlws kae & marked sffeed upon the enrge on red
blocd oslle end thot the presence of isohaxagslutinine aleo
affect thelir chorge, But that ia the gazne ¢f washed rartislly
sonsitized cella the effest of ischeuag-lutinins im not defe
faftely arpearent, Tharefore, it seoemed sxpedlent 20 run e
sories of exporiaants In which the cells were troated with
& serun eoncentraticn wiich was & dafinlite ﬂltlplo of its
titerse Lipht times the conosntration of the serum titor wee
choson .

The Getalls of tha foliowing experiment are similer to
those of ths two praviocus, ,0) molar phosphate 4% ol 7.8
belng used se the diluent, except that all susponsgions wore

insudated for one houy instead of one-half hour before dotere
ninations were made, 4All serun dllutions of 134 snd sbhove
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gave il velues of 7,0 ¥ 03 sad those at a 112 dilution
goevae values of V.0 3 +08s Tabls nunbdber 3 glves ths rosulls
of thils axmperivent,



Table B
EFFECT OF JOOTIEMAGOLOTINING UPON THE FOTINTIAL AMD ASIIUTIHATION CF Mo
RZD MLOOD CRLLS I BEICR TACH OZIA R[A3 UIED IV & DILITICR ConTAaINIro
3400 TIES IRE COICENI2ARION CF IT3 TITAR. <03 ¥olar phosphate used as
a serum 4iluent, Pip?.084.0%.
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tn #loss exauizxatlon 0f table 3 a correlotion dotvwaen
sorum dillutlon end potentlial will te svidenty the potentiale
dstornined ars tabulated balow to Lring wut tis rolationshls

Zffset of sarmys diultion upon ths eharge of eells
in whioh tha homologous Ischozaguiutinins were abgsanty

LS
14 £4:8
Pﬂ@ m.n.wcﬁ - .ﬂ@.ﬂ
1o curd

Z8&Tfe0% of soruxn dllution upon ths aw;qma on colle
in whileh the homclogouas isohosag-luvinioe were prossnts

1:8 10,0 = 14,8

lid 11,7 » 21,7
l:1é& 10,8 = 29,2

Ths tabulated results show thst as the serum 1s &iluted
wiith «0) modar phosphate the eharge upon Loyth nomal end
sensitived calls 1norssses. In tho cass of sonsitized cells
pws pane marked vorlstion in rofuoctlion of potentisl wes obe
sorved a8 was shom Iin Table aumber 13 and the oherge on
sansitized colle ves e¢msliastontly lower than the ¢hargs on
the ungenaitized cells 1in sermum of the sune dllutlion,

Both normal and sonsitised ooelle, ae ghown by Table
nusbar 3 and the tadulsted resulte adove, sogulirs 6 gracier
sharge s the sopunm iIs dlluted with 401 moler phosphalo.
™is rasuld 1 furthsr evidence that Lhe inorasnse la potantial
1s due w the insrcased lonle atrenzth of thoe sugpending
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wedlu:z iaoidontal to esrus Allution with tha dllute phosphate
vuffer uzed, An snoomlous result cocurred, howsveri &s the
fsohamag-lutineting serun was =ade more dlluts the potontial
at whloh agzlutization covurred becans highear, This ine
eroasad oritiesl potentlsl indlcustes a rise in the "cohusive
foraee”, Further dlscussion of tha data 1n Table mumber 3
will be taken up sfior the resilts are presentod in & more
satlsfsatory Torm.

To demoastrete this rise in oritical potential with
servee dliction Oreph nuober 3 below was oonstructed, It ie
a compoalt of all the sxporizanta that have Lezsn run ia which
rod blood colle ware pub iato eerum dlluted with JOL molar
phosphate buffered ab pil 7,0, It Lfnciuvdes the data frow
Tables nuxher 1 and nunber 2 snd data fro: other detsrmina~
tiona nct herstofore glven, |

Cn Graph nuzbor 3 the adbaelizon ropreszeanis sorus dllue
tion. The dilutions ars indleated in ths followlng manner:
undiluted, 112, lid ete, Tha ordinatse desiznates tha charge
in nililvolis omeried by $ha tellies 411 c0lis sairied a
nogatlve charpgs undoer these eondlti.cs. Tha red dots on the
greph goepresent psnaltlizaed ealle that shoeed ag-lutinatlion

md the Limex oty ropressnt sonsitized ¢olls mion ahtwed
29 sgplutiastion, The eirpled dots glve thid aversgs potane
tiels ¢f cclls 40 soram 4llutions eontainliug noe hkosulozous
$zahexngolutinia, Ths types ¢f colls and sovum used are
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act marked, The black curve shows the rise in poteatiel of
unseneltized colls as ths porum in thelr suspending medium
is sads rore Cilute, The red curve gives an estimzation eof
the rise in the oriticel potential of sonsitized cells in-

sidental to dllution of tho itsohemagrzlutinating serus with
the phoaphate Luffer,
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Graph 3
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BLOOD CILLS AND THIZ ERFL0T UF L300 CDILOTICH el 8% CITIe

CAL POTEOTIAL OF CULLS OQNIITITED 70 ITOGLTASGLUTI NI,
L S N e i
s ¢ : nt D1 7.2

-2s.,

Milhvolts

An_
2
o

. BD

L
&

1
¢
i
f

- IR = - .

Sdiaed 1 B8 e 13X I6F oim phosphate
. . Ohly
Serum. Dilution




4%

Tha Tleck eurve on Creph sunber &, representing the
ehergs ¢n oolls in semizs ouontelning no horologous 103124':&2":,1“-'
tinln, ahows soein thet a8 the earun s diluted with the
phosphate bufrer, the potentiel on tha calle inerearcs. The
average oharge on eslle in ssruz Alluted 1lid is 25.0 millie
volts vheraas with Gells 1a ssrus dlluted 1384 the esverazs
gharze 18 about 4.4 swillivolise. Calls ia Q1 moler phote
prata et pil 7.8 carcy a chergs of 33,0 millivelts. It fol-
lJows that ee the serun is made more dllute wiih tha Luffeyr
the charge oo ¢the cella epproaches a 1imiting valuo which
1a ths romo fz thiat for cslle in She Burfer slona, If proe
telin wore adsorbed ponspecifioally to the red colls, thare
would be a graster Jdiffsreance bYetwgon the obarge in the
3164 sorus dllution and thed in the buffor onlye 4is 1% 18,
tha vaiue of 34.4 mililvolts for eelle in the 1184 sorum
dilution ani thse valus of 04,0 milllvolts for colle In bulfe
oF ouly are the save wiihis the llalie of experimental eprrox
whan tuzpafed S0 Lue potentials daetsrsinsd for celle in
seftu &i3uLed 1id 4n whiloh no homsloghus fashaseggiubinine
Wore W GRS {Sded » LC8 mililivalisls This s further
Laiiaaiicn thaet red biood owlls €0 nob &80t protaeliua none
spoclflically ol that the ehilef? foavtor ralaling ths potantial
with tho sarua Slluticn hers ie the dccremsod lonlo etrengih
of the cw€lane
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B¢ Llecx 4ots and Lha rad €0%s, both typas of which
£isgnlly senpitived oolile, are £ll below tha Linok Curve.
This shous oosin thad whenover tLe Amchemarslutin 48 preassat
thare La & loweping of tho poianiiel. )

o grend variotion i gharge cn the ponslitized cells
&8 Ehowa by the way the dote ere sirang out alasg the veare
tisal 1lines oan ba rezardsd &5 dze %o waryin: dazroes of
sanpsitination or, fn cthoy words, ns Qus %o varying deszrees
of conplateness of protein tila, The way the rod dots ox-
tand bolsw the red gurve, rRMoxs Lhet & oomnlota protein
£ilnz 4o 20t tn the locsd neocssswry to produce eg-lutlination.

The oriticel protentlial ia fachwmgglutiastinzg serun
dilutod 114 50 13,2 millivolts; in sorum diluted 118 it is
19,8 millivolis and in esorum dlluted 1:10 1t 18 sbout 29,
=11l volte, Cince the coritiesl potential risca with serus
dllution under the conditions of ihls experiment, thers must
be an inorease in ths “echesiva Toroe*,

if thare 18 en increnss in “eohasive forse™, perhaps it
could by nsasured in somo way P sncthor, 42 sxplalired in
the exrerimental procedurs, all atiemptisz to moasure 1t &irs
eetly by moasuring the force reguirsd to saparate tws fllme
8d ¢lass platos wors futlile, lowaver, the state of surfecs
krdration Lo a feotor wileh halpa datermine cohssivensss,
and this property oaa readlly bo estinsted by wsing Luld's
ollewatar interfoes techalque .50
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ihe next expariszont which mekes use of iudéd's tecde
nique was carried out wWlih ihe hops thss At night help exe
plain this rise in aritical potential with sorum dllution
which segrests & greater powoy of sohssion,

Tobla susnber 4 siowe the rasults obtalnod using Maddte
oilewatey interfece tums.qamaa FPoup diffsroanl typos of
suspennlions were teasted: (1) wsshed humon rad bvlood oalls
suzpsndad fn .01 molar phosphete onlyy (2) colls suzpended
iz dllutionz of thelr ocwn serua dllated wlth tho phosphats
purfer; (B8] celle susponded in ischamegslutiasting serum
made {nto dlluticns with the emme Bulfer} end {(4) ¢slle in
anithcman red coll rabblt sorum 4iluted with 0L molar phose
phate., The detalls glving ountlinations of sorum and oells,
the 4dilutlions of sorun used as wall &8 the method of Llnoue
bation eare sll siven on the tables The first vertlical
oclumn of tha table glven the nusdbers of the experinants
scgordinz %o tha way Lhey have basn dlvided above,

The oclunin marked Sosultes shows roughly the gompure-
tiva wotting of ths celle end vives tho dogree of ezslue
tisetion for eash avrplie, The sinzle line down the conler
of tha column marked Ireferontlal wotting of ealls indicates
dlagranatically the olilewvator interface obacrved under the
mieraconnes to the left of 3¢ 18 show the oll phess and €O
tho right of 4t 18 the mater phase. The olrelces near the
pilewator {Mxrfacd represent the rogpecitiva positicns of red
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blosd celis In reletlon to the Junotion of ths tww phanos.
*Hujol” was used throughout for the oll, The dztalls for
raxing a properation are dezerit-d 1o the experimontal proe
esture, In the dlscusslion fallowing Tadble nunber 4 the

nediun wsed Lor suspending the gells will somotineas Be spoke
en of as "the wator phase”® for slxpllolty.
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Table 4
PREFERENTIAL WETTING CF BLOOD CELLS

OILeFATER INTERPACE ™ SUR
Resuls
Combinasion of |Serum Vethod of erential we
Serum end Ceolls] Gilutiong Incubation fing of cslls. Agglutinati
Q
1l hr. in
- the inou~ O -
bator (37°
1l hr, in
1:4 the fncu- O
batoxr - 37€ — -
» » _133 - O -
- 116 . @) -
- 1133 bt O -
» 1164 - O -
A o0lls in x<@ 1l hy.s in
serun b ¥ 1 the 1nouw 1+
batoy - 870
- 18 . G 1+
-] » 1116 » O *
b 1:92 - O -
. 184 - O -
8 -
anti-baman 14 8 hy. yoom O 3¢
Tabdit sermam tenperature
» 118 » Q B¢
4 . 11100 L 3¢
A cells in anti 1 bhr. 370
human rabbis Y7} S hr. room O 4
semm temperature
- 1:8 . C5 44
bd 3100 L &

20,01 molar phosphate at P 7.8 used as the serum diluent in experiments
2, 5 and 4.
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Tho firat experiment racordsd {a Table nusbher 4, showe
ing the preforsntisl wettine by ¢il of husan rod dlood cells
- suspended ia 0,01 moler phosphale only a8 woll as the seowmnd
axyerizment 1ia wilch oslls ware put into greded ssrun 4ilue
tions oontelining no homolozous fschemasgolutining, show that
the cells heve s hydrophoble surface and ere nore sasily
wet by oll Lhan by watar, iIin both of these exparirents many
oslls wure ceen to entsr the oll phasa in each suspension
tostod,

The 4uird ezperixent 1n Tedla nunder 4 glvoes the effeot
of serlal diluticns of lsohamag-lutiznestias soerua upon the
aature of the rod cell surfases, In sorus dilutsd 114 the
representative post tion of tho sells wos ¢a the ollewntey
interfacs. A% thls dilullion tho e2lls wire aprarently wet
equelly well by oil and by water, Ia the 1:8 & lution the
colls wore Just inmslide the ol phase. with the sudbseqguent
Qllutions of 1115, 112 an’ 1184 all oslle wors definitely
wst by ¢ll.

There wos 1+ egrlutination in thw 1td and 2:8 ¢llutions
and & b 4 resetion in the 1114 dllutlon. Ko agrlutination
ogocurred In the other twne. The aszlutimtion is svidance of
an antibody sroteln fllz, The tandoney in the lower éilue
tions to ba wot by weter 4a also avidenve of s protein film
for mcsordin: to iudal® seneltized red blosd cells bagous
relatively hiydrophylle ecoparcd to thoe unsenaitized cells.
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The £8ot thot & & agzlutination coeurred in the 1116 Qilue
tion whille &t the mamg time the calls ware wet by el) shows
one or Lol of two tiingss (1) thaé ecaly @ emall portion
of tha red cell surface macd Ly sznaltized to produce AZ3luw
tination®, and {£) that the decrensed slootrolyte sireagth
brousht about by serum 4llution with the buffor hed raendersd
the partislly adsorbod protein £ilm tself more hydrophoble.t®

In the last saxperiment on $able anzber 4 are shown the
results obtsined with O cells snd A& cells sensitized wilh
antihuman red cell rabdblt gerunm. In thie exparimens we are
ésaling with an $mmuse antibody resetion. Those eells in
the 134 diluticns of antibody sorun ere decldedly hydrophylic.
¥th serun dlluticn they bLeoorme more hydruphobic eas shown by
the dlagrams for the 118 and 1:100 dilutions) howsver, the
dezrae of sz lmtination for both types of eolls rezalned the
sz 10 e for &8 1t could be estimsteld, 34 for O celle end
& 4% for A eallis,

1t wans eonesivadle that thoere night be & relationabip
totweon this prefesrential watting by oll or water, ia other
wrds the degres of hyiration, and ths cstaphoretie mobility
of the ocelle sensitized wilh r«bdbis satissrus ia the throe
dilutions studied, Joccordingly tho potontisl on the cells
wos delernined, and it wws found %0 e rexarisdly tha seme
for both U end A oells in & given dillution o«f antiserum,
Thae averags eharge on O end A ¢olle 1n the reagoctive
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4llotloneg was as follows: calls in )4 entiszras dllutlione
carried & charge of 9,50 milliv.lts, ia 1:5 ¢ilutions a
charge of 11,7 millivolts, snd Lo 131100 dllutions & oharge
of 18,0 milifvolts, |

Comparing these potentiais with the charges earried by
sells trested 1n o elzllor mannoy with leohermarlutinlzs as
asserided on Craph numboer 5 1% 18 evident thot the nuch nore
potent rabblt aatiserun {wileh had 2 titer of 1:113C0) wms
rore offegtive in lowering she potentlal on red dlood cells
than wore the lsohesegrlutialnsg uesd, none of which had @
titay higher than 111283, %he moot strixing coeparison s
ghown with the potontiel of selle in the 13100 &ilutions
carrylug a churge of 15,0 mlillivelte as coupared o the po- -
teatinl on the sanmple of emneltized 2alls in & 1164 dllution
of Ssohomansiutinatine saprey reportod on Oreprh nusber 3
wiore the potentliesl wos 0.1 vililvolge,

The &iscussion wideh 1s to follow is syuewbat detalled
and inclndas a troatneat of thse results shown on table
nunber 4 .ns well a3 the data presentad oy Graph nuabder J.

It sooms roasonable to sxowrs t2ad €he oraeter lowering
of potentlal on eolls eonglitizsd wiith rodbilt antissrun oe
wll &z tho vory strong ag:lutinsation Iin all throe of the
dilutions stuilied sz dua 22 & mMre conplete eatidbody proe
tein £ilm, In this eonsedtion it haes bezn ehown in previcus
sxporinonts oz isohoemazriutinine that a8 the satlisorus was
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diluted with 01 solar bulfor, tha elesirclyte soncemiration
Sixlnlstad; the vamo eondition rued Bold tus 1o the ocoase of
rabbit sanua,

This 4ilninliehing elsctrolyte econoantraticn renders the
adsorbed proteia on thae eslls sonsitizeld with rabblt ssrun
mors end vore hydrophoblie and ecnaeqeently —wore unstadle as
well oa more eeall> w98 by cil o2 chiowns S0 tha tadle, The
dearras of aerlutiratinn for oagh 41lntiesn, tharsfore, oxuld
not heavs vreomlinad thg eans In the prasoncs ¢of an inoresssd
potential in ths bigher dilutlone had thero not hoen &
si:maltanecus riss in the thhosivenssa betwaon calls.,

In ths experiment on howelogous lsohswagzelntinine gliven
o0 Table nunbsr 4 32 faot thet agsilutinstion was lons o0d
that the nells wore nore hydrophobhlio than tha sells etnsie

1288 with rabtit seruxn sus-asts arnla k% thaas solls
wore nod covered with A complste protela fila. Xaverthwleass
1% soeme thet thie partiel flla was randared wore hydrophos
tio as ths sorum was AL1utod and thls =ade thae “schezlve
force™ between cslle sroaler,

It ocan Ve contosted Lhat with sarws £ilution, the desres
of seonsitisatlion bevane lars and loss, and that ths hydroe-
phovie naturs of tha red cells ia the wore &ilute serum
sclutions wen due Lo tha presgence of tod much norsal hydroe
phoblo cell surfese. For example, bLowever, thc ¢ells AU e
pended 1n & 1118 41dution of loohesaziutinating ssrum,
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rocordad in Table munmder 4, geve 8 ¥ e lutiantion resction,
sven though Lhey ware eprarently o3 hrydrcphoblo a8 eny of the
normal colles toated,

Hegardlass of how littls soanitisation hed taken place,
sgslatinstlicn coourred % this 4llutlon elwwlng thst thore
wep & mifficient esntitedy £ilm %o cesuze the rzacticn. Therse
fore, sinee permys dilution with O molsr phoaplste buffer
ronderg the gelle soensitized by forane rsbhdit serun nore
nydrorhokie, 1t la Indleatszd ket agslutlunticn of colls
sonaltized with Ssohenegriutining wes czueed in part Ly the
dahydration of the adaorbed pertiel proteln Tilm,.

If the semaitized ecall badomes sore hydrophoble with
serun dilution sader the exparinastsl soanditions omployed
hers, and at the sune timo 1f thae poteontial on the tarticles
inoroases sas chown in Graph number 3 under the sums condle
tlons, but atlill apzlutination cceura et the highor potone
tisl, thera pust Ho an inarseze in ths sahesivoness Loetwoen
vartlcleone The faocts presonted lond sironz ovidence that
the incrcased “ochesive furce" inoldent to ssrum dilution
az showa en Granh pumher O 1e dug at leest in 2art to the
dehydration of ths antibody protelin filn,

Al of iha oxperizanis heretofora yresanted have daslt
¥ith suoh faotore as salt oongeniration, hydrogoea fon cone
cantration and serum congontration Ln wiieh tho sopror Allue
mt was L0l moler duffer. Tho resulis oltalned in tiose
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sxpsrizonts are not o be ocoupaysd to the .remzt- that are
cbtalined In roatine labdboratory procedurss, In partloular
az inorease ian "vulhssive foroe™ 4s not to %e oxnected with
sorun dlation ia say routins work because tho serua is
ordinarily d4lluted with fsotonie salins, %o dohydrating
effses here oould be ssoribed to any decreasing salt concenw
tration Ter tha reascn theat the ionle stresrth 18 act
apprecisbly ehanzed by sorum cllution in o’raz.mr;i ladoratcery
wrke

in tiw dlacussion of Tadle nunhar 4 1% was showm thab
rabbit antiserum had @ more marked leprossing effect upon
the cherge on husan rod bloocd cells than 414 {achenazzliue
tinine. Thia fact sugsests ths poessibdliity of showling
sone differonce between ischamegriutiration and so called
trus antigen sntivody reaction, CLow serum contalns normal
agziutinine for humsn red dlood ¢ells, The nexs exporisent
wes uniertaken with the view of showlng a posslible differe
snos bolwesn ischarazilutination, heterohomagrlutination and
the immons antigoneantibondy resction, Thie apreared to be
posaible by fdetermining the iscelsotrie points of callse
maximally sesnaitized with isohermg -lutinine, hederchonesrliue
tinina {eow sorum), and truo antibvodlies. In the Mollowing
axperinent thase thres tyres of agzlutinins wers atudlied,



53

Imoaleatric olnts of liumen Rad Dlood Cells Jansitizsd siih

Isohonag-lutl nins, Heterohomag lutiring and Redbdlt Antiseram.

' D08 nmoler phosphata Wmflers wors made
ranging from il g el 20 il = 8.1 The 08 molor tuffers
wore used lunstead of ,0) wmolar bucauess 1t waas reasoned thag
the pi of & semewiut atronczer Buffor would be laors affected
by apy eontamineting lons, DBuffers wore not used &t a pif
value below 5,1 because of ths danrer of aeid hanolyals of
the oalls, O, A and U cells wers obtelned and an offort was
made to mazizally sepsitisoe these with the rabdblt antisarun
and Wlth cow ssrume A ond I 03lle wore also sensitized with
Lochesag - lutinise,

The method of sensliization was as follows: All specls
mnone of sora usad ware first inactiveted for cosehalf hour
at 53 T, to ramove omplament, then 10 oe. portions of the
varioue sears wore diluted to 47 ee,. with Lleatonle sallne,
iz drops of washed and psoked ¢, W and B gells wero then
added to caan 49 83e suple of sarum, end in tho cares of
sesh tuba thoroush nixias was dond fmwdlately following the
eddlition of the oolle, Aftar &l suspensions had been neade
the whole 86t was pleced in tho S0 box, For the sers Lhree
hours sll tubos of surpanslong were ahaien vigorcusly &b
frequsnt 1atervale,s The tudes ware thea &llowsd to pe¥ in
the o0 Yox fa3r 9§ hours without Lurticr agitution., A4t the
ond of this time the tubes wure rencved fron Lhe lee Lox,
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thoroughly shaken, azd then pud into a watar bath at 279C,
for ) houre 4galn the tuhes were shelken seversl timess whlle
1a the water bath, A4t the ond of cne hour the vhole s2d of
tubees wears pul beok iantd the refrizsreter sad 1ea0% thore to
be wsed for ihe catapborasie work whleh lumedistely followed,

A% the timo of mobility datercinations the supernatant
fiulle from Lin consitized celle were detanteld, loavinz in
the hottom of osch tuhe a concentratesd zase of sensitized
colipge %ith a ziven eanple of golls «hout & drons of the
eopsentrated suzranelsn were sdded o & 30 ¢g. portlion of
ong of the LOR moler duffer solutions and then shoken into
an svoen exsponzicen, Loty readings were nede within 4
pinuteos afier sixinc. The ecaetaphoresis esll was provicualy
washed sut wiith tho sana vulffer os was used to aveapend the
cellse Imvndlately following the rmobllily determination,
tha remalinder of the 30od, volune of eomsitized ceoll suge=
panslon was used to doeteralne ths hydrogen ion concentration.
The lattor was dons by the sotenticmetris matlod,

The obleet of the sxperiment was to eslinete ans 2losaly
88 possible that Zyireogen fom concontration at which the
sonsitined cells Juat cenesd to move in tha elesgirice fielld,
in other words, %o delernine thelr isoelectrie polnlse

Graph nunhey 4 slves the resulis of thaese exporimests

on e determination of 1lsosleocirie polnts, The curves on



whe greph are labeled to Lndleats tie eonsblrcticns of oslls
and esran cosd. The sboloss glves thos Lydrossn fon goavsae
trotion expressed §a pil wnltes ths cprdinate glives LN nodlle
1ty 1o w/sea./vclt/oxe, 7The (O) th tuo crdlnate Indloztss
no nobllity, and tho nunber 42,85 Lbalow the Pore nosns &
valoolty of 0,3 u/sse./volt/ome toward the eathode, Tharse
fure it vrepresents & poeitive ocharze, All musbers ebove
the sexo reprssant pegative shnrgae aud ere preflizxed bty &
minue slgn,
Sraph 4
LLOOZLICTAES vOXBIS P CALLE L& EITI s Wl T Xl
HLAASERUTINLEG, AT D000 UTILIND, Al TMINE

C RAQIAT Ciida
-"5' e ——— e - e — - i — —

. u/sec./VoH:/cm.
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‘he curve represonting the Cata obta’ned with hunen
red blood esl)s paxizelly senslitized wlith irmune rebbls
saruns 18 an averaze of the deteminations on sensitlized
S A uwnd G onlle., In & proilninsry greph draws $o & larger
soale, curves wors draw: through the four polnts deotarmined
for eaoch tyse of ¢all used herss The 1soaleootrie points of
Qe A and B onlls ne dotorainad 1n the pmlimln&rr granh ware
P Se€l, 85,83 and 8,02 respeotively, 7Thaso era ¢loes chzaks,
The ourve 12 thae graph alove, repressnting an averasse for
ell the polnis loocated, arosses the llne showing zers potene
tiel A% pii 8.0,

Yaoterlial enticons raxioally seasitized with Liune
mﬁb&t sorun have bocn pade 1svelestirio et pil 5.8 to 5.0
aogording to Lietutehson, Mudd, Strunle sad .mokula, aod the
2lobulin salted out of the eams entliserws was fsoalectirle
at pi 5.1 to 5,8, Sheep cells atrongly sensitizod with
azbooeptor have bYeoa fscalectrio at pil 8.3.2% The guoted
resalies evove indioats that ths ccading substance oan bunen
red blocd oells fron Lzcune rabdlit corun is vary elmilsr to
tha adasrblng subatance that sonsitizes bLzolaria ond sliesp
cella, nxusly globullin.

The remlts obtalnad on ocelles sexslitized with fSechomage
glutinins and heternhemma-lutining vers not as satisfactory
88 those in whiech lmcune rabblit ssmus was wead, leveral
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saspansiong of eansitized colle wire oxperizented upony

but thes e9lls in most of the susyenatlons ware noy reduced
elc;fh enouzh S0 zarfy’potential b eny pil stuiled Lo werrant
exterpolation of o eurve 39 the line indlgatin” no ehargs.
The data o3 only two of these determinetiona 18 prosanieds

A cells 1na/” serus arve Lecclestria at adout pU 5.2,
end B golls In cow serun are isnelastrla st sbout pH 5.1
“heaa lowr lascelectrie polints for colls senscltized with
isohousgrivtinine end hotarobemag lutininsg sug:.est elthor
that thoere cells wore not meximmlly sonsiiized or that
there 18 a phiyerlionl gifforanco betwoen thess entibodics on
the wne haod end antibodlios found in fomuns rebdit serun
on ths other, The dats Trosonted suznest further investie
gatlion,

There was a diffarvnce betuesn the type of agsrlutine
ation obesrvad with celle iz rabdbulit scrun ss conpered to that
obsorved in boath oow and human sdrums 7The $mune rahblé
sopuln produced a fine graniler proeinlitate evhich was sasily
resuspanded by shakling, whoreas the oilisr tw typus of sera
rroducoed a tenasious, gur:y e pearing mass of colls ia the
Bottom of the tuba whieh eould de troken up only with groat
irriculty. It was neoarly inpossidle to ghakeo Lhase pracie
pitates bask 1n%to an svon suspansion,

The resulis glven on graph nuxber 4 indloate thail ths
Lromuno bollles in robllt soruam specliflio fur Busan red diced
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colle Lo assoefcetod with the rlotaila frection of the sermai,
Likewisme, maturally cecuarring lechomagrlutinins and hatero=
hormgriutinine are assocloted with globulling but ecells sene
pitized with those latter types of sara are isosleotric &%
8 Sligutly lowse pil then are cells sengitized with tho fope
mar, The tyres of azgluilnation obasorved 4l ffur as desoribed
above, '

Tha remults presznted ia thls peper hovs baen an inves«
tigation of ths physical feciors that charactorise noramal
and sensitized husan red vlood cells end a study of the
meohanian of ischezag-lutination, 7The work br no moans btasg
boen & complelte and eoxprohensive inveztigxti-on of the fisld.
However, 1t glves an insiysht 1nio soms of the phynleal proe
psrties of the dlood cel:s taxing part in lachemagz:lutinetion
and shouws sow of the sharacteristices of tho entigon-aniibaldy
sonblnation,

JEBSUnSEag AND fRF s
In tho exparimental work, the firsh questlon that arose

wan, wather or not hunsn red btlood eells are sffeooted by
ehange of sallt concentration In tho muao way a8 are bacstarl e
and other nesatively charnsd particlss, It wes shown on
Graph mumbar 1 thint ag the salt oconcentration of the suspond-
iz nmediunm {5 diminiched Lo potentiel on the saepended cells
inercasos. Using sodinm chloride az the salt, tho chsrze
was siways negative in sign wWith concaniretions rancing froam
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0ull normal domss 9 0,071 normels. Thie remlt arroce i &
generel wvay sith thepse of Horvthrop and de éé.m,&rla in tholy
vork on bacterial sarlutimmtiony that la, that diminishing
mlt soneentretian inoresacs ths potontiel cun baoterisl
edllo,

Clrllarly as salt conceniration affects the cherge on
baocterlin, hydrogen ion concentraticn has & nmarked effeot,
and Leonleolrio polnts ean Da detsrminsd for meny specles
of bvaoteria, The experimeant giving the effect of Lyiropon
fon on humsn red dlood eells, shown on Greph number 2,
denonstrates thst relid hemolysis slwarze ceours defore there
18 aay marved lowering Of potontial, Trom pi £49 6o 8.1
the waghed cells uzed carrisd a potentisl ranginz froa
w37+4 Lo ~43,3 nlillivoltes A% Dl 4.8 tae oharge &rops:d
olose to sero for all types of culla tosted, and partial
hoaolysis was prosent In all the suspensions.

This result conlirme the works of Abreznson® eand of
tuddr?, tust the isoslestrie puints of normel red blood
valls ean not he deternined dus 10 aeld deccwposition of
the eells before eny werked lowering of potaniial 1e¢ evi-
deot o

In $he sxoeriment on the effeet of hydrogen lon cune
eantration disgussed aLove ecne of tha calls uwsed were
partially sensitized with isohenmagrlutlalns, sulfficlantly
smsitized ta ssuse agilutination of the gells whon ihose
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BWErE suependsd ia isotosic salina, loesvor thess gilla wore
Indilstineulshisble from tbhe sorzal colle wa the taglie of
gatachoratlie wobilisy i «0) molaer phonphets ulfere This
regald 1ndlostes Lret only 8 2ual) portion of tha ¢0ll Bule
foaca nead Lo gensltizod with s antidoldy to produce cgilue

inatlion 1o zalline, robt soacch surfece 0 rarvelly chgare
e mobility of the oslln,

Chanze in salt goneentratlon aeffeets the ;otentlsl aa
huran rod Blocd celle; But chenye 1o hydrogen fon conpens
tretion kas 11800 effeat until ecld deccrposition Yeglins to
osour. The effect of Llend serun and of 15011&&.@%51&1&150
usod in o 1:4 &ilution with 0.0) moler phoschate at pil 7.0
used as the &lluont was teated. XU was found that cells in
samua oostalining no homnlogous isohesagslutinine carriod @
pozative churze of Z24.4 « £8,5 21llivwite. hontho 120«
hezmagilutinls waas present, howsver, thare wes elvays a
reduction in potantisl and egrlutination elwaye cogurred
whan the ;otantial drorped below eRout 10,23 willivoltias,

Those rosults ez -se with tha work of r&aﬁmﬂmrﬂa, ) T
reported that collis in serun 41luted 1:d4 with a woak phose
rhate buffer suntaining no homaologous isoharag-lutining
¢srricd s ehargo of 285 » 80 millivolte, thet tlare wae
alveys a radusticn ia potentliel whcn the ischsmag-iutinin
woa present ead thet agslutisstlion cecurrad whonaver Lo



Ole

putantial 4ronred to boetwaan L, aznd 13, mililvelis, %ihe
resulis also compars ia Lhe sase gesoral way wiih the wrk
of bula&sr&za bt the experimantal date Gons not chook oe
ciosely a3 1b dose with Lehroter's work,

it Bas bveea shown thot oslle in serum condtaliaming no
bomologous leohemazclutinias and d1lated Lid with 0 =molup
phosphate Yuller CIPTY & Charse of Bi.d » EG,.8 millivolte.
The questicn sross e to shelusy thls lowsr potontiel wpon
eolls I8 seyua 18 2ue to the nosepselfie adocrption of serux
profoding or 16 fnoreased salt osncantration chlalned from
tis 8880l e

To snewer thin guestion ecllodlor perticles wnd gless
rearticles wora suapended iv hormen blecd pepun diluted 1:4
under conditicone thaet weore the e op thoes empleyed in
the exporirenst diseusged alovoe The ohiargos on thesd »artie
oleos in porun was 13,8 « 14,0 zillivolts for eollodlon and
18,0 « 15,28 millivolts Cor mlans, The sare particlss hed
potentiale of 44,1 « £5.7 end 37,0 = 53,1 milldivelts for
o2l)odion end mse raspeciivaly when smmpondsd i1a the &ilute
phosphete buffer onlys The praseonse of sarum evideaily had
8 narted sf oot upon the rotential of thone partlelan,

Loebl3 has shown that enlledion particles adsord proe
taln & & ponsypecifie ways Abremacnd conolu.ed that wherezs
golatin would coat Quartz particles sad oholestarol, it hed
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no significant sfrset upon blood vells) ionaghan aad whitet®
ropors thot tho mobillity of red Rloosd colle S8 unchansed dy
the addlitlion of purified protslin to ths susponding medium,

The facts thzd red blocd colis in sarun dlluted lié
with the .01 moloe bufferr carry s rexizus charge of adout
258 nilliivoles and that the sharze on the inert particles
studiad 18 only & 1little oveyr cna-half this potentlel suge-
gosta thet rad blood easlls 4o not alsord proteln in e non-
spocifie way, Furthormors the loser charrs on Llood cells
ia ths soxum <illutlon as compared to tho charge asrried Ly
¢olla fn the woak dlluent only sugrosts that the lower DO
tentiel of oells 1in serun is dus to s elsctrolytes added
from the serus itself,

If morus 4llution with .01 moler phosphate buflfer ine
o8003 the patential con suspended red hlood cells and 1if
serunr proteins 4o not affeet tho charge on blosd aells,
then the potential on cells in vory &lluts esrun ocntalaing
no hoxclosgouas ischomag:lutinins will e;proach that of thae
colls ia the sorum cilueat alone,

Sueh a result was showmn wiih tho data procented on
graph numdber 3, Cells 1 sorun contelnlng no homologous
fechiemarziutinine and <ilutad 1344 with the weak Wullfer had
s porantial of 34,4 =illivolts as compared Lo & charze of

35« nillilvoltas for calls ia tha baulffar cnlys The above
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rosuld Lo confirsatory evidoncas thut the (narecelng potone

tiel with sorum 4ilution uasing the dflute bufler 12 due to

the deorcass 1in ealt consentratlion of the suspemding medlws
and also that red Wood ¢ollas Qo not monspseifieslly sdaord
proteline,

Zhan ths isohomagrlatinin was pressnt, the eharge on
the suependsd oolls wane alwaye lower than 1t was for oslls
in sarea at tha same Gllutivn oontalning mo bomologaus
frauns bodles, Tith e glven dllution tha lowespring of potone
tia) Crom one sensltized spensiscn to anotlhar varied markeds
ly; this s &n&érprataa ea Indlesting that the conxpleteonscs
of the sdsorbded protein film or, in other words, ths degree
of sanaitisstlion was Dy ne naans thoe axze Loy all oonnle
tiz04 coll suspenslon, Ths groater Lhe ssnsitisstion, te
lowsp tha potentisl,

As the 1sohonagz- lutinating serus was 2ilutsed the polons
tinle ut w:iioh agziutination sould oseour boesasns hlghsre The
aritical potantials £or saue of tho dllutlions of ischazagilue
tinating serua nseld wars as follown: 114 dllutions ¥ 16.2
ailitvoltss 138 dlilotions 3 19,5 aillivolte) snd 1:16
dilutions & about £5 xillivolte, 7Tho zuch lower potantial
of soms ag2lutlnated suspenslion helow thy eritical potentiasl
shows sgein Lhat & very osorplste protein filx 1 not in the

least neoassary to ceuse sgsclutination,
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Thae rise in oritdecal potontial along wiith sarus 1lu-
t1lon Lodientss an lrnoreass §n "ocheslve fares™,

Ha dirsot mongurenont of the "exhoslve force” nor of
sy foroe proporticasl to Lt was fond poesible, Nowaver,
1% is known thsd tha degrss of hydraticn et ths surface of
pertiolss has a &irsot bearias upon thely suasension etabile
1ty, Aoeording to Loed® the less tha hyiretion the core
unstadle are the pertioles. In addition to the atute of
hydration, spoelfic chenloal affinity has beon shoun define
itely to pley 8 part in some irouns reactions Seldelborger
and Kondelll? anowed this to bo true In the ease of the
Pnounosoesis polysaceheride & 2 o

Ia regerd to hydrstion of red hlood colls 1t wves shown
ia Table nunbsr 4 thet ths pormal cells elttwer Iin serunm or
in &ilute eloctrolyts epslubticn were decldedly hydrophobdie.
Hovortholess red bloold ocells fm?m auzpona1mnu that are
falzrly stables, If w» saouze thasl thare is no speclifie
chesloal affinity botween nornal red cell swrfacesn, this
haelps o acoount rfor thek otability.

it oonsitized yed bLlood cealle, 1t was shown in Tadble
pumbor 4 that the ecl)l surfaces becans relatively hydrophylie.
“hle r:8ult azeses with Lhe work of 1u23d%. At the sama
tims ag-lutination cocurred, and this reaction was dus in
pert to the oraatly lowored charge on those pirticles, In
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addition we osn epoeulste tha% £% e-uld havs besa due to
gpecific chontoel affinity betwosns puptially acasitlzed
celle where entl -en regsspiors o A sortizn of noruel call
rurfons eonld exhing with ohemlcally evesitic antlidody
padisals of wolecules whleh were el raudy nttached by sinmilar
radicals to anolhor asll,

I trin vonection I;Mbla gove evidense thet protein
pdsorbed to inert particles beceme more hydropheoble than
the normel proteine Zohroder®d shoved that the surface
tonslion of a 1ipoidal extract of vod Dlood cellis contelining
fachomagrletinogone sonsitisod with tha Romologous agrlutinla
gave o surface tension higher thaa that for the suglobulin
fraction of the séorws containing ths lsohanamrlutinlng, with
inoreesed surface teaslon o decrassed Mydrtion, whloh may
be the emze thinz, the muspansion 18 rendered less otatle,
The surface molesules Lave a grecter attraction for esodh
other then for woler,

On Table number 4 it wos shova that with gorws dilue
tisn, sonsitlzed cells daoawe more hyircphodie. In the
resulte reported on four of the different samplss thad
showed azsiutinetion tim seneltized colis wore more essily
wet by oil than by welier,

Tay of thess Bazmplos ware sensitizsd with irmuns radids
surws o a 4ilution of 13100 and evidlonce wos presonted
vilol Indileated that they curried sn sxtecaive protvalizn filnm,
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Cunan red bicrd eslls 1 rabblt ssrun diluted 134 wore
hydrophiplie, howeverjy nd s%lll ahowsd sircaz egrlutination,

It wap shoen that with serun <llutlon ualng 0L moler
phoesphate as the ¢llucut the aleolrolyte enacsntration of
the solution diminished. Leorsessed slectrdyte oonsantration
uniaey tha‘aﬁnéitiﬁnn employad hiere bLrought eboudt Qehylration
of tho particlse surrace,l?

Swmning up the svidencs siven in Teble pnusbher 4 and in
sane of the provims experiments I8 s Indicutad that fguw
homagriutinins adsorbed to red Lload cells bacume uore hyw
drophoble than the naturally ceourring ag lutinias; thet
with sensitizetion thare vay ts & specifie ghamleal affinity
betwoen red cell surfecss which wes sbsent before sonsitie
gation} end that with dsoreased slsotrolyts dongeniretion
of the suspsnding mediug, the adacrbed proteln £ila beouies
wore hydrophodle, 1% 18 sucgested thst this decreassd hye
dretion of the protels Lilsm, whioch 1 atcomponiald by an ine
ercass in thie chargo on the pardlale, is ons of the rajor
foators which rendsers $ha suspongicn sulficlesotly more une
stable o raise ths critiesl potential ¢

The more nerked elffsot of Imzune rabdill searum in lower.
fnz the pobwential ¢a Dlocd cells a8 coxpared o {schemag iue
tinine sugrested the possitllity of damonstrating some
Cifforance hetwasn the two tyses «f egzlutinpstlion, Istercs
harwegrlutinatlon was includsd also using cow serua for the
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sazlutirating onent,

1a2eleatric polnte wers doterained for aslls mexisally
sensitized with lsnhasey-lutinins, hoteprohsrag~lutinine, sand
fowsgne redbblt ssruw,

The Leoelectirio polnt of colla mexinally sensitizad with
f=muno rabblt serus was Dl S.8, Thlis valuo asreses woll «ith
the laoalectiris palate of tmotoris nmaximally seonaltizged with
rabbit sorum,id

The results on colle ponsitizad Witk cow sorun indlcate
ed that thees wars fsoslectria &% eboud 311 S.ls A ¢olla sone
sltizad with @ serum ware Laceleatris at sbout P B.8.

Thoe ohargd on these aellis was reducsd very e¢lors to T

s> that exterpolation of a ocurve to geors potentisl through
the polts located for thoso sensitlized calls essmed possie
blé withond eonlng to orronacus ounelusions. Thsse 180e
gleotria polnis of about pi 8.1 end S.2 for cells soensle
tivod wiik hatercolemagrliutining and ischonesriutinling rege
poatively 2o ougrestive of a diffovescs bei@wma fochanenrlge
tinstion and trus antlgon sntibody reaction.

Colls soselitizad wl 3 Srusume rediit serys prodused o
fine granuler secily suspendalle preelpliate, wheress ccella
goneltl esd with hedercharmsggiutinins end ischemmuggiutiunine
gBYS R coarpe, gursy preciplitaie that wes wvory <iffioculs to
romerend.

In a1l of the exyerisents proseatsd no dsfirits phystosd
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differances were domonstratsd bstryean the blosd groudse

Frou thy sxperimental workend from the literazturs cere
tain facte gnd certaln prodbabliitios san bve sunmerized
w.ich characteorize isohenagzliutination,

It has besn shown that norzal humen red dlood cells
sarry 8 negotive oharge, have hydrophobviae surfeces, and do
not adsorb rroteln in 6 monspecific wey. Insressing aslt
eoncentration lowsrs their charge, and aclidity osa cause
lysis, In addltion thare proundly lan't any spoeifle
chomical affinliily detweon wvasensitlized cellws,

In ordey tu bWring sboudb ischomagzlutination, ihree
oconditions must do fulfilled: (1) Collis ons betwesn colis
pust tate place. Thle requirenent iz sutsmatically made
vossible hecauce all partiocless having e slze on the ordosp
of Blocd oolls and bastarie ars in a somstant state of
brosmien motion when in suspension. {2} The potential on
the calle msust B mde sufficlently low po that tho monen-
tun of cells toward oach other will not ba oversdams by the
like chorses that they ¢arry. (3} The cells rust heve a
sufricdently bish cchoesivencss 8o thet they will rezain tow
gothar onee they coue Lo sontach.

The lowep potentiszl 1s obtained in two weysi: (1) The
wors sald in the suspending msdlum uy tou isotemiclity asg
shown 1n the exporiuents above ,the lass the potential on the
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calls, (%) Ths scusitizatios of the cell surface with 1aoe
hamegriutinating serun has boen shown $o lowsr thoe potentisl
furthor,s Jhen cells are coated with s protein fila thelr
surfaece approsch zors and more ¢losely tha nature of the

adsordbed suhbstence.

A8 Loy tha “oohosive force” there 1ls evidanae that proe
tsin sdocrhed to particle surfacos bHesomsa less hydmp&yua.m' 24
That is, ths grotein molecules anguirs lesa wffinity for
wator and nore for cech othars This roesult promotzs olumpe
1nge

1f the 1sohzpagelutinating sarum dlluent is & vary
dilute slootrolyts sclution thsa a riss in thls ocohesivenzas
with serum dilution can be expocted, This s due to s din-
{inishing sleotrolyte concentration which in tura hma &
dehydrating eoffeot upon the alesorbed protein fllu, 4% the
sows time cells under tiwse eonditions Qurry s graator pobonw
tial,

It 10 sugrested that a Cefinite ohenloal enudination
bhatwoen eeneitined gelle can take place alsc end thus be
another faoctor deternining the sirength of the ocnhsslvoness,



0.

le Dnereasing salt acneenirstion from C.18 normsl dowmn
to o001 normael inoresses the nasntive eharse upon human rod
b1iood celle,

8+ Inereasing bydrozen {on soneonitrstion does nust groate
ly affees thy rolentisl on norzel red tleod eslls until eeld
deconposlition starts to take place, Leconmposition beglna te
coaur sorswhare botwsen Pl B.1 and 4.8,

3. fed dDlond colls In sarun dlluted 1:4 with 0L molar
phoephete at pi 7.0 carry a charge of adbout 8,5 nililvolte
whon ths husologous Isohamagrlutinia 1s mod prossat. %Then
the homolosous fedhemaszlutinia s present ths potentiel is
always lowsr and eg:lutination slwmys coours wion L8 potenw
tiad drops 0 abaut 15.2 miilivolts,

4, ¥ty serun diluiion uelng .01 molar phoesphate bLuffer
a8 the éilusat the coharge on the sucpended c¢ella s Troashes
Sho oo wvalus as that on cells ia the buflfer alons. 1% wne
shown that the petential on colledlon and glass partioles
was mouch more nerkodly reduced Ly the prosencs of sesrum than
was ths oharge on red Hlood cells, Inhls svidenco indlecatss
that red tlocd cells do mot nouspecifically adaord proteln,

D« Hormel red bLYosd calls are hydrophoble, mors eselly
wot By ©1) than by wator. Sensitiszsticn, however, tenders
thew mors Bydrophylio,

¢, Under tha conditicns of this esperimental work there
i3 a rioe in tho critics)l pofential of zensitized cellz with



7.

asyun dllotions 1t is ladtested that thls rise Lo critlesnl
potontinl 13 Zuo =% lesst in pard to dedxyviratica of tha ade
mﬁmé_ proteoin fila, The dahydration Is osuesd by & Jsersaass
in eleotralyte eonoentration incident to serws dillution with
o0 mlar phasphate tuffer,

T« Tha fpoalectiria polnt of hunan yrod blosd cells mexle
wally soasitised with Lrenune radbit sorus I8 34 8.8, 1% woo
indleatad thet 4 colls esnaltinsd with s sarasm are SnoaloCe
trie at ahout 7 B8 and thet U o3llo sunnltized with hotorge
hamagzlutlaine are Leoslegtrie at aboud ni S.1. Howewsy,
tils anrarent 4lfforonss batwasn the types of asglutlaation
night have hHoon dus o inemplets proteln filwmas ia ths cesea
of iso snd heterohomag:lutination,

8, Dutan rod Blood colls naximally ssosdtizsd with
fmauns roddbits serus form & Clne, granuler precipitate which
e eaplly disrupted., Cella senslitlzed with haterchonagzlie
tinine sud lsohesegszlutining forn eoarse guamy preeipltatoes
which arc very ¢iffiocult to dlerapt. Thesoe resulte show a
Aiffarence tetween ischomagslutination and hetaprchanmrslue
tinstion on ths cne hand and trus saatigon-antibody reasctiom
in whioh ${mune rabbit serun 1s used, on ths other,

Ge No physipal Alffsrences wors shown botweasn the
élrfamt tlood groups stuldled,
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