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AffT:tGElfIO PROPERTiEs> ....... ·5m.·.. ·. •, ...mroX,EN'A<,....·o:a.AC.1:CitISr' -RLE:BS '

with x-elated. phenomema 

EugJ.ena.s.> ,aside t:ro.m -tneiri occasional: prod.-uct!on-.. 

ot fishy a~d·vi·olet od·ors -·in•·•Watex-!'~Uppl.1e'1•,, are, ot 
... '.,\' •. .. ' ' ..

. / '-. . .... .' 

little direct economif:!·..·..1mpor.ta.nce.. lle¥er;theleeir ·.they-· .. 
' ... · ' ; 

occupy a, .. position-·of peculia;r.-: .. 1nter.est;,a,mong ... the• forms 

ot. m1oroecopio ,lite. The• >otde1:: BugJ..enida.,(~-te~n} .. is•.-• 

cosmopolitan,, · a.nd.,a.p:prox1llla.tely, .. tllf88\•.hundred.s•SPec:l.es 
' ' . . ' ) 

have been•--deflcribed,· (Walton., 1~;1.5). Some .of'., .. these. a.t .. 
times occur 1n ·great-•-·abu.nd.ance.,. ·:Ponds ot• eonside-rable-

aize may•.become. :completel.y,,covered, wlth.:-a, cl1a-racteristic• 

yellow-green,·t1sti•Ue ·:pa:per,./acwn~1•.··Cori.1J.sti.ng.,a.1rno.s:t.,,~n•:·•·• ..···,•).

_ti rely .•. ' of. •·euglen~s •. ,· ,;otner.,,apeo1e•(:•a.reY.r.esponrdble,<.foi-.,. 

•pools ot ·. bloQd". < Ac f .f.rw are, ·.paraeJti c. 

it is this g:rou:p which forms .- .the classical- example 
. '.

of unice11u;a.r organisms. 1n:term.ecU.ate between. plants 

a.rid a.nin1als. Steinecke (1925) .. gives. them a. un1quei pos1..

tlon in_ nature, -stating· the.tit it:-·. with· the desoenda.nte 

of the euglenaa that we a.re _.to look :ror. the toundaticm 

of ·the animai .kingdomo At3 thie is>the .only. .work .. of .ita. 
,, . . .

kind with a se.rologica.l basis, it is of interee~ in .this 



.·: \. .·. · .. ··,·.·,

o~nnectiona . He concluded ae'. f'oll.oWsl .. : A,utot:rophic .• ba.c• 

tet:ia · were the fir,t. J.iving,, things~-- .. , 13tv;::ter~a." snow. P.ro--
' . 

tein rel.at:loriship,wit~ the••-blue-:sreen. s.lgae,,bu•t·.none, · • 
. ' . :.· ' ; 

at all with·.-the f"u.ngi,. .: .. fhe l.ower. green·, aJ,lg~e .. ae~eloped 

:from .the bl.Ue•g:re~rt algae·, •:· ~wo ste#t·,groups .of<green 

tiagel.1at es •.111111:,t be cqnf,I :I.de:t:ed4 · · o!~ . (V~l:ro~a.l.e~ f •.

developed •di~ectl~t.-•.from- the. Jll'~teU• ,,The'.·other. 
. . 

·x-~presente ..• reproquoti.ve•• cell.s,,,of''.Ltb~· -higher ... g1:,~n,>,a.lgae 
wh.i oh · have ···•.··de.velpped-· ,int.,,. ••independ•ent-.. •. t>rgani srns-~-·.·•· .Thi&• .. 
\ :, <·_; ·:. \ ::: ·.:_: .· ·. '. ·:r__ ·;.-;· .:: . •· . ···_· _· ,.:_; _:·_.. . . - .-<-,-::·- .· ·. .. .

latter• group .of'-tlagel.late-s/.,, among:. vthiah-- a.re;. -tb.e,,,.eu~lenas. 
. . .

t orrns .. th:e- ba.slaf ofi.the,·anlmal•r p.u,t)not- .of. the.: ,pla.:n.t-:• 
1 

l.d_·. ng_. d_om.; - 'The···· atd .. ina];,.,k:ingd(nn,,, ,.then_•,:,i,does -<riot: go: back ,,-
'·. .

to tlte amebae,,i-,.but •.•.to-,,tlice-•h:tgher:;•a.a.ga.e-,.• 
It.· lr, thus·>:a.p1,aren.t,,•the;t,.o.-tli.e.,. euglene.a,, .·in-addition .. · 

; ,.-..-. -·f·'. ,. ,·.·,·.·.-.···•.·.'·:... ;.... r ' .. ·,, .· .· •

' . ,'. _·. ·.'.· ,-

.,t~ theirSwid:e·, di:stri.but.ton -·•a.nd0:;abundan.ce--fn :na.turer·· · 

have · ·conei'.dera~le• -theoreti·eai,,.·i.-mp+ioa.-tion.: ·, : ,Inasmuch-. -
,' .._, '. '

' . '. . •.. ·,;.;_.

to indlcate•,·biologlcal• •rele,.tlonsh:L1>a,.,lt,·le.·.,Of',.:particular 
; '·· •i- •', .'. ·.,' '.: ...... .· .. ·, .·•.. : ·'..····· ... ·_.,.,. _. <·,.·· .-. : ' •. .·, _·. ,.".:- .

interest .ito- .·· ~nqu·±rt":·r;in t ·o,,:·the·a.ntige.nlc, cons ti tu ti.on 
" ~-.' ,. •j

ot this group, · Surprising a_s it .may :seem, . they have 

been li.ttl.e etutiied from. Jhis ~ta.nd,p~in;t;. 

·the. present: work' ,·includes< a•,,constderation of the· 
, ·,, . ·. ·. , · l·;··., 

nature,. ot-.. ·'the·•:cytotoxi:o .• -.. p~inoi:ple<,in··antl-euglena .. rab•, .. . , . 

b:i..t _:serum• the produ~tlon of; anaphyla:>d:a .v1_~th_ ther·org~~~ 

isms used, a.nd ·a study of the chlorolytic effect of eerwn. 



REVIEW OF.LITERA.TURE ' ,-·, . '·.•. ·,. ; ...... ,·· ,.,_-..

ltrev:ious t.o 1925., as tar, as the .; wrtter- . ie, aware .• :<·

no. :i.purn.inol.og:i.cal. etudJ•···.of'\ a1,1y·•S,2}e¢ie, .... ·.of-:·tbe-• ... ·ordet-•.·E\t~,·

g~eni,d~···,(St.ei:nl•·had been .. mad.tr•·····•lien .undex- th.~ ~and-icap: 
. , '

of- impure··· mate:r1al:·,!<·•; :t~ . .,,t.ba.t··.· ieair,"•· $teineoke~> wbtlSe•• -w-ork 

· ~a.f¾. mention~(l. -: ~bove.:,···-•,-:pub1:,-1shed-+reeu.lta-·.,of .. . a,n,,ex_tenei;ye, 
l ,•, .·,. '. _.,_·.·,_ '. 

s ~11dy -.·•of ::the anti~ e~i_c •-relt.½\+onabi:p~. r~ong. the .,algae-. 

Hie t;£n,tigfl~S-,c-w.hicb. ···W8+-e1 PX':81)~:Ced<.fl)()Jn.•·, d.rieq., 111a.tEl-l'ia-l·-
'.,; ) ' . . ·, ,' .-_· ,/ ·.·: -:: . : : ,' : -_ . . ;': : ' : ,-.. ->•_' ' 

collected-,,.:f,l'o111;,···PO~ds,v--1ncl tid~d •QJ;le.-:.et:raln,- of· .• puslena~• -
. . ,, ....

viridia ~h~enberg.:· 1,ln·-tll~s-,·i~a•tar1oe he,,,-al,sq •dem-0n~trated

that. tb.e··••·.•~rmnune-:o0erw11··,gr.ive-'•:i,d~nfd-'oai.. ,.resultr; with-?a•··· 

pure. oul ture,"9t;~uglena·:<virid~e~-· 
·JlmoRe •·(·1928)·,· ,·-wo:rki.ng•·•·.•wit~·-,:pur.e cultur-ea .. •·•Of•.··Eu ... , .... , ... . - .. .

. sl ena_ (51.'~c·ilis, Xl.ebs·, ··· deser:i.bed -·a- ,! pe.ci :tic- -inunu11e, -th_e:t:m.o,~

stable cytotoxb1 f' or tbia organism.: · 

.. ·, '

extensive investige.tion. because it .is .a. ty:pical, 0 member 
•.• ,. .. ·, • ,•, •• ·. ' ' ,'. , '-1 , ,..... • ; : . ." ··. ' ,,. •.. ' '

cul. ture media. than any other euglena.., Four distinct 

Of th;c:~::~!. th~ /iP.Perid:l.:x: toi: ~· {tenera.l descf:il)tion 

2see figure 1. 



forms.-of ... this -speciea .have -. been .:.deac.ri:bed~- ---These- -a're-
. . ' , 

' . 

as follows, -. ,the --arrows -lndicat.ing · tl1e--.,descr1bed -. o·J'lglns .. 

of eac:h form: 

. (c.::,.·:)::~a;::···•::;~:::;:n~:::. Ught., 

. ( 3 .~ lnh~m~d1,at: ,t'orJ!l, . · 
4 .• . Hyail1ne fox--1,L grown <. in · the light,. 

l. lfo.rnuii-,:gree~-,·form ·- -, T~1s is ~the ;only. form: f)n• 

Clouriiered· in':natU;:e.::,>tS:ter,,innstiga'1;orS, ha:Ve,.·addkd 

little-•---t -o. th.1f,.o,:-igfrialt- -d.es·c:ri-ption-i·.or--,:the,-_.spe<fi"ea .. ---; by. 
. ,· . . . .. '·

Kle~s (1~83_lt ';;: trhe;,: averag-e,/.c-elJ~-•, dimensions ... ,,a,ri,. 53:.:,tby'. -

1,r micra.. ,- )tb.~ ·, ,l>ody/ ln,-::-~he-,·/awimni:Lng,.;,40ndition-,,,is-- -the,
' _. . . . ·,. . - . . . . . . . ·- -

:shape ··of.'' a. -:L_o~g -' oytinder •·:·:oh: ... a,;.,e;i..end~:;r...,, ~g~.t -V•• ·The,,dhlt:

· c:t:r and.··,tJ,l:l,ne pfitendY ,,of" the,.•,c~il,, a.j;'fi...cbair.a.Cte7;iS ti Cl i 
there -'are -,(1elicat e ,,:epi.r~l.··•:,~.tria-td.(lriS•:, on,;,.:.the~>pe;1ica:e:., 

The tlagell.um-, -is·.,•,,11'. tt~1~ ;,1:11:lns-i -t ,ive 1,.-·~nd--,,.a~proxima•teJ.y.t ,_-

the length -of,,, the-,1:iody•it··•-,··;'ltetttbo.lie" • is-;; :very: ac-tlve-. , 
• ;., ,: • , . . '.' I , • .. 

The chloroplasts a.re. disc-shape~. ,-, .. !hey. vary greatly-
• ; . ·.I . ' . . •_~,: • , • : . r • • ·_ ,, ••. :'. ;: :- ,._ ._ ; · •· ,. . . • ,. • • .: • . ; _ ·',- - >•• •, •. ' • . • .-,. • . •·_ . '. • . ' .: . ; : ' .•, " 

Th~y ~P- , ,... ,.· . .._. > ;, " '

contains a pyrenoid · center surrottnded ~Y. p~~~ylon. T~: chloroplast& :rte~ ;u~. eo b1o&'e• togetMr that . tr+e
~- ' " ,, ·, .. . ·•. ;_ .

' '

body appears homogeneously. green •.. : The .. very .. delica:te 
' -· . ', , ' . 

color. of green ia·. noticeable. · The nucleus is usually 

central. Division may occur both in the mot.ile con-



dltion · atter loss ,o.t .••fla.gelltm1, <E.1-nd.'cin .the enciated ... sta,ge •. . 

The ma.x1mUJ!l. ·.n~ber ,;pet• tlaY· ·la , .. ,one.,, ~nd-- one~ha.l.t-.,, 

2.~. :•H;yallne··.···dark .. tom•·•· This,>ia,_ .. the fornr -()t. Eigiena 
.gracilie 111-o·rganic media.-in.,the .. darlto-:r:::f.nve:ry. rich. 

, . • . .. ' . . . . . • ' . ,I- • . • ' . . : ·~ - ,- ' .. . . -".-' • ' > . '·.

organic.· .••~edia. infh&· light. ,:·Zums'tei:n. -(10()0J .. 'ga-v$:\the 
first desoripti'on,\- J,t,, :,iei,,only, a.n•.·environfuE?ntEl.l•,rn'odl';· 
fioatlon· oi \the noi-mal,,g~flen·,·.ifo'nni. tlle···•. two,> can beich~nged. 
into one ·,.•8.tl<>ther at'. will. ·· .Jt •QO:t't·e_eponiiS:• in .. a,;J.l ..... ,respects 
to\ th~ .. ~normal _green .. torm-· .. exctpt- :tha,t.<•it, ·f:s. coio.rl.ess·., 
on ·account -o.f·-Cthe··a.~sence <o:f, ·chlorophyl.:L .• ,, "-~hfi •.... chlo'rtJ•··•.• 

' '

p:Laata ···.develop ··a.S,·1eukopJ.asts,,and- sinoe<l-ight ~,,,i EJ;,·. even 
' ' '

more of· a ·-det,errent • to chloropla.e.t, .d.ivieion. th~ :-ta .. ;. 

cell divi,sion, • there -a.:r:e,:-manyt·ema.11,, leukopla.ets .... ,It• 

1 a well• knowrt, .. .tar •e:itamp;I;e,,tllat••··Wllite ~ea,;v-ea .•... ~#~~)1f-t6111 
vege.tabl~s.r·· .. •·au.ch,.a,a. r:potatoee, ,a.m.t,tu.rn:i:Pl3'if••>stored:ir-i 
the d.a.rg.·,an4_•··.this.··£orm.••··o~-•,Euslena.··•s:raoil~•s -,is-,.c6ns;id:~r.ed:· 
a.na~ogous,,,:to :•su.oh>e·tiolated ·highe~ ,plants.•:>-,Jut-, lu.'gl-ena ,. , 
graoilis, .reduce~ its , c~o>:ophyll: ,<~~ntent. :-in,: ~ll.e. dark:.·•• 

more thlt.n .any .. other .known ,orga~ia~o·•·· Slome: a.lge.e .. are. 

even a~ .gr.een,:in d_ark as ilJ>•the,light.-.. 'l'he.:tll~i~

mll.m multiplioat;on. rate .f'o:r ._this .. Jorm. is.JwP J.Uv~fli011E3 

per. da.r. P~;ramylon ie '::P.ro.duoed: a.FJ,•·•·i:p. th.e).;igh_t.

i. Intermediate •... form.-· .This is ot i~frequent 00-

ourrenoe, and is defined. by Terne;tz (1912:l:, ~~,o .f.iiet 

deecri.bed it. as any euglena which in later generations 

5



splits into the .-normal· green •form e.ndithe .. hytiline· -:form 
. ' .. . , 

occurr~ng·. •-in. the .light~--.. · ,·Thus;:.1t .... •.·is· very,.uns.ta.ble~ 

and ttpure ...... oultures! oould. -not< exiat.,•.,,,·It .. resul.ts· .. t:rom 

a discontinuance. of chlorophyJ.l.tormaJ;ionr• and,mayoo-

our as· .. completely-.oolorless.:.•exoept.·tor,.th.e :poorly ·de•.·····
' . '

veloped·· atie;rnai~·. a.s---, h1ghly.--,vacuola-ted wi.th -red:ori.yell.ow 
spots,;i •or. as ,ai homogeneous · J.lght· -&,ell.ow·i- ,,:Reproduction.• 

I , , 

is as rapid as· with.-the• normal, gr.e.enfonn•.,,., JlQtility, 
" ' ' ." ·• .

is marked~ ,.Ternetz -etates: ,tha•t .the intermedia,tevform . 

;repr_eaen~s a. -variation ·a.na~·ogotia to the colored leaf 

varieties of. hig1ier:p1a.nts.: 
' .., '.

4. llyaline··rLie;ht :t"otfU .• Ternetzi (1912)•. discove,red, -, . 

colorlese> .. 1r1dlvi.dua.ls·•• ar1etng, · .. sp_ontaneous1y.• .. •in>-·,the--light 

·:tn. o.rganic · med.fa·.·,. •·!rhie,i••·:La:•.·the,,enly .. ,. one •·~f·,••th:.·modf fi- ·--

oat ions ···ot .. Euglena.:e;racll~a,whieh:,.fa-•.>COnsta.nt.·•; ,,The, 

cells meiu~ure 4:8 -to 68,micra in length by 4 tQ 10 .micra 

iti .. width., The ·fla.gel·lum:la,.··t~o-thirds:.-.;to.,more,,,_than>·th_e. 

length of the body,, and stronger than .. ir1. the other forms., 
. . 

The ·maximum. r.a~te of' div.ie10:n is o·.;7>per day. lteliots.xi.s 
I • • •·, *· . . . ; ', ·, ' ·. i • <\•· . • 

le absent •. · Resting sta.ges are limited to :poo1· media,· 
' '·, .·' . ' . , '. . ·. . ' . ;: ·.•· . ' .. '. ..,_ ·;, '

so that in fa:vora:~le/media many d~8.d .organisms, occur 

ea:rly in the .culture.. The individuals are. unable to 

m~;ntain themselves ln oompeti tion with the green fortnj 
- ... -_· ,' : "· . ' . '. . . . , -·, ' . '·. . . ... ' -~ .

e:xpla.inirig.why only green forms a.re the end result of 



a culture . containing "intermedia:te. formstt.,. ·. ~~r-. 
nianently~ colorless;:•form .,bears .. no .. trac;:e ,;of ... a s;ti~a •. 
,~ ; \ 

· {

and ha,s . nei the-r.· .. chloropla.s•t ·s ., ,n:o:r::, :teuko~laets, .,.wh:icli , 
- - . ., ,. . . . . . - . ~. \ ; , . . '. '. .. . . . .•-• .· 

explains ,its: .. tnabillty, ,eve:r:: to .b¢eon1$, ..green • ... E:t eept,. 
J . : ' • ' • •

iil .indistingu.i~,habl·e <ftom ··Astttsia'. j )?here, are ;two·.ways-
• ' •.. ·.: . • • . .• • . . • ~.--, • . . . ' • : ; • • •• . , . . . •. C • t. I ,.:_. • .- \ . , • • • • ' 

.In vthioh this ·for~ .. maY,:>OJJig1na:te. , · Clilo:ifoplaa.te ,,a,rise.:-
, .·_, . ,• . • . • , ; . •. ·-, ,- · . . " , C , • •' • ; ·.. • _:. . . : •~·, '. ·• · ._ .· , • ; ~ . - ' i •' I J; l t O • · • 

only .lJy divisioxl>.Of • .pr~exlat~tng :: chlorol)iftfJta, .. · .. ·.whicih 
•· ' ' ·., . · __ . . ,',' ·.·: ·· _ .· .' .· . . . ' ' . ' · "' ·_, 

takes .. ·:place.,entirely .J.ndependentJ.y . . ot ice1f ... ·d1viaf()n .• , . ., . . . . ' ' . ' . ' .. . . . . . . '• . ' ,• .• . . ;· . . . .,; ,'• ~-

'.l'~us a :form without o~o:roplt:I,S•tS:1 C.ou1d. ·resul t ·,.:fro~l·M 

un~qual :d.i vision ,ot ;. a, :. chloro])laat~.poor individual • . · ·.· . . . ... · - .· -· - . . .. . '

Origin . ta also from ,tne ;,.,-.ihtermedia~e fQrm by . deatruct:l.on 
,·· ,)

and reaorpt:t 611 .of the chloroplo~ats. 

l"ure •·cul:t;ur~ao~ ·Bi·x · et:rains of .. Euglena ,sraoilia:-: 
Klebe ·of, ,widely·,dif·ferent ,,origin ,were . ,used·.,in .. the · .. ·• present 

; . , 1 ·.o .·•· '. • • · .• 

work. All• -• of•,;thes~: :we:re·,.submit ted •:t o ,,l')r.·:c~.:B. r, Walton 

for itlen.:tifi·oation.,,.: .. ~a,ta.·; concerning . .::eacli . fol.loi: -. ' ' . . . . . . . ' . , . . -

1.:. ·•lioia.nd• \ strain • From .a:n .. impure .culture .ob• .. . . , . -~-· . - (. , · . ... . . . ·.· . . •... . . '.- . •.' ·, _,. -; ... :. , ...• .. .~ . . , 
• I •, . ~. _' •. :. '. . ', : . • • ; • ' • ., ' 

ta.ined in the summe.r .,of .. l92tl at the University .of: Wis-
.. •. .' ·' ·.·. .-· · ··:. , · , : . •· · . •. . ' ;.._ i: .... . ·.-~ ·. , .•~- , .-...., :- .' .' .:' ~.. . ,.-'. , _1, · ·,:•--•.•~•. llt 

oons1n th.rough tlle · ooutt~ay .of .Dr• •· :to'itell. E •. Noland~ . 
, . ' . -~ ,, ' •. ' . • . ..... . •. . . ,,. . • ' .. • • :i . '. . . ; . . . . •• . . . ' . ' ,· . ,.::•. " ' , . ~ ,

He· had identified .the ~ugle.na •SS sra.cilfs. and .had: main ... 
, , •., II ? -•-~ - , _ , • .._ ••. ,._ .• , ·, ._._ ~_. . ,. • , ·•·., . • _~• - ~• '"'· _.._ '. _ ••· · ••~·:f • •"7 • • • ;. ~--· • •

. . . . ..

tained it .:for · aorne time because of·. ite luxua•iant growth 

under cultivation. single. cell ·is9la.tio.n. was c.ar~ied 

out on Oct.5.1926. 

,.



2. 11·-.rurtox":-s:train ... ,From an1impur.e euglena; cu1-,, 
1 ' . . •, 0 . . C r . ' '... . •~- '•" 

ti1.:re _ pu~cb.tts.ed , if rom . the , Chi ca.go,•: JU .. <>l ogi.ca.l\ 8U'.P.IJly / H·ouse

i:n, 15?2?,. ;~ Sinale:. cell.·1 isola.tion,,,was •.• ~a.-rried out on ·March··

2.9, :·l~~•t~,. 'rp..~--growth:.was: .J..u,turiant., 

3:. •:tewe11•-•st;rain ?•~•.,A:ppea.r.ed -in,.:la.boratory. cul.;., 

ture .. a:t•·:.W1-lllairii•fewel? .. ···~Pl:t.ege.,.·~i)>~r-tyl,'.,.~1sso~i.::·:Ln 

the_. t~.11.•·Qf'•.·1~27.:.:,, ,~~ngle/ cell•,,.lsolat:1..,,n:.we,a.,·oa7ri.ed :,

out on April :5fo,.192e·.· __ )-,,'J:he.:•srowt.h;.wa.s .luxuriant •.... 

~-.·. "l?rague~.-letra·in, .... ,.1111r-e_- oulture_,.of ::miie;iena.·.·sr~~.:: 
cilia: obte.ined 1-a.e.· su.oh,in,.August-1928. tram ... the.,Pflanten-

~- . , . ·_. ; . ' .,

phys! oloai_sohes, X:n!3t1'-tut ·of\.tb.e >Oern1a.n,r'(Tniv~raity?,~t-

:P_rague, ,Oze·~11oslovakia••· .... thro1..1ghi.the.>-<louJ?teey .. . ot: ,0,lht. 

'.Felix .Jltaii'rit. -,· Single. oell.<,-isolation '!'as '-C~rried: out -on. 

Xay 19~· 1932.,,.,.·t11e,-grow-th-Wae SOc\nty. 

5., _.Jttfoehestertt·! strain: Fr·onr an 1'impu1?e euglena 

cul.tu1 .. e: pu:cchased.·trom•<th.e 1l1~ologice .. l;,Sup11ly,./Q~mpa:ny; 

Ro ohes t er, ··.::·Wevt- ·Tork,-::, in; •l 932;. ,_ :.Single •··cell- 1a olati on · .>.

wa.s c'a.tried.out on.)Ka;y-_l8,·•l9i2. '1.'lle g~~ytth was·acantyJ, 

6. "Jlichiga.n• strai~ .~ .. F.~o~ an impure eug~ena. c~~-
tu:r.e pu_t?has.ed from. th~ ~~cl?-~gan J~olog~ca~ ~u.pplr_ Com .. 

Stngle. cell iso-

la~ion wa~_oa.rried out on.July 18• l.9Z2. The growth 

was scanty•.

The six ~trains -~f,.liuglen~ 1racili_e' .. deec1:ibed above 

were maintained ae the normal green form. The hyaline 



basal granule - - - _ 

nucleus _ __ _ _ 

endosome of 
nucleus - -

Figure 1 

- -- - - - --flagellum 

--enlargement on 
main root of 
flagellum 

-- - blepharoplast 

- -ehloroplast 
(The chloroplasts 
have a. pyrenoid 
nucleus surrounded 
by paramyl on. ) 

- - -chloroplas t - sur-
face view 

Euglena gracilis Klebe X 1500 

Two-week growth in peptone broth of normal green form 
of 11Nola.nd11 strain. after more than f'ix years continuous 
(transfers at one to two month intervals) growth in pure 
culture. Fixation in hot Schaudinn's fluid; staining 
with iron hematoxylin, long method; counterstain Bordeaux 
red. Stigma is present in living organisms, but does 
not show with this stain~ Length excluding flagellum 
ia 66 micra . 
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dark modi:C:•.icp,ti Oll' pt. :.e:a¢h; ,,:could., ;b <3 ·; :JJl·:<><itta,ed_. a,t ·:' 1·~J,l~l::· 
\ r ,' • . .., . . \ •· ' ' . • .• .,.

by,·gro:nth·:J.:n,-the r,darklr>r•,;:'lJher, ll,Yi;6le)t, ;.:o.d:oi;; ,· t;qd,cal-\,of;-
• • . _- •• : . •• ;;, < ' '. • ._ . - . . •i - ~ : , . . . . ·- ·- -· : • _ ;_ - . ,. . ; -_ -.- --· .. : .... , • • ' '• 

. . . . . ' : . ' . 

. euglen~s: wa.e:<no_tipeab'.1·er- -1n,-. ,the-_r:,:p:ure '.,:,,cultu-r:e.s,:.d.n .•. pept,on.e, 
. . . :- ~--: ' . : -.- ..-- ' . :.- ..-. ._ :. ':. ·, : ::· :~ : . _- . ... -._. -. .: . ·;- ' .. '. . ! -.. :· '· _:. '

broth.·.· and •··., a, /__ f i shy.· ... ·. odO-r.:; :-·,a~o:r:i.bed..by\.•.·· 1:ttsehli·. -.· (quoted. 
. • • , , . ' , . . ' . . . ., ' f , • • , , \ • . ·: . , .", ' ·. : ,-. ! , ,_ :, ' , • , ; • • . '·.: : : 1· . • \.. . , , , ' . , , _;

from · .. Wa.lton.';c;l9t5.·•/· P•.: r'3,4~•)··'-• to _·. ,J;he·•:011 •,'.'l~•cublea .. ·• :b~·;f_;irietl 
I . · _ · · -•• ', · . •~ . i . \: •· t .•• ; ' •· -~·. · ._ ... :_· c· , .: ·. ;' . ·•: . • , _. ." - •· • . • ·.. :< ¥ -, \_" '•, • _.;. :, \ • .'-. · :· _"·. ·', • . ·• • • I.• •·• •

,w,ith~~r '~h_e ·-,c,e;~,{' W.a,:l p~e:s~nt '·":Vltene:ve~ -•-~he· ;oellf?. ·We;~-, -

disint_eg!a. t .ed.:c.<·

'-J:n ..•. ·a.c1~_:tt,i.on; ·~o .. :.the·:·,Ollltur_e,s .iiit '.t?e . li_ght./ ,the_/·/'No---
land*, .. strai,n.,.wa.S--.al·S() ,:tept..,_:1~ ,•.'t.hei·· ·d~•rlt \!'°'rom.t,he'.'titn~:-··.

•• • _·_. _· \ ' - . · ,-_ \ I .;,: , .. _-. _._._ . ;.:: · t:: ." . • '. .. • j ' . '· ~-: .. • . • . •• . • ' • . ; . . • ,P •.: : • .. '..' , '. '. · •

·ot ;its -. tirat,,isolat:f.on-•in--• l92e,. , ., •After .::more, tha.ri-' i.fj/te·
• • t , ' ·. I <. \ . _- . . . • : . • . ; . : '. ; • • ; • • . •: \ ', -~. ; !~ • , ~· _" \_ -_ a • • • • • . ; • • • • 

rears : Of ··.·• cori.~inttQUB,···.e~lti,vation,-:Ln,·· th;e:- d~.J:k, , l .t ·,.wa.a: , 

r,. oundi·· Upon_·· b:rlnging-, t,1:a.nafe.i-s '.••int.0-,>~htl -llght: _/tha.t~:-,On.e., 
... ·• .,, ·' . ,• ,•'• ',•, , 

.ot, the /.~ubes re~ained<- colorless ,i11:-·- the .... 1i•ght·•·:•':)J!hi~. . 
,,· .--- ~··.:-~·- .:- . ~- . . ·. -_ • _-- . . ' • .• ... . ~·.::_ ' -:-=: •. ·-: . : . -.· .' '. '. :. ' .. ;:. 

· th_ent,/~a;ij ·.,··t ~he ,.hyali,ne,:,light ::~orm ,,w~_.tch·,h~d·: arisen ,from 

the ·hya:tine ,,d.a.rk·...fo.rm. ,-<; ,Jt:·:ie ,..oonoeivab1e,- ... however', 
'·_ ;, ' "-- ·, 1:. .·,. .· • .: ·._ . . i • · j ,' • _.:-· . ·, ; _,· . \ (.'i :-.- ;: ' ·, ,: ; '.. . ' :-· ;} ,. :., , ;' ·:' ::"

th~t -... -o:rigi·n:,rnay•·-ltave,;:.;b~·.en :':'thJ.•_0ugh :_t,he-·\~<lrmal _·igreEl11,;;;:form

,.or.·.the ''' ·i;n:t·~rmedia.~fff,'•'fprm:;pi:eaent-: ::ill:-; 1,the·•···01~i-gina.l,,::;~ocu--
• . •. • • • • I • • ~. . . ' • • • I • ' • ·• ·_ a . : ·-:. : \ • • / • , • • • i • . • • • •' ¼

lwn, .> _-as .';ob6e:rve,d ,,by,~5;er~etz.,:,,dark.nesa~)offering., mqt:e,..·
' a• • • V . . • . : : • . ·• • • • ,, • • • •_ .' • . • . •: ., • ,.._; • \ • • • : .. • , • ; • ,' •~ 

faTofable. , condi_t1one ... t .Q~ ..the ... eur-riva.l i . of' .. ;~he. hy~line. 
, . ,_. .. ,,. ·.• .,, ·· • •· I •' ~-·.··,, c-.··, ' i ' .,. , . ' ' '.· .:•., ,~,. •-~ • ,.. ·. •.a ., '."•1·,.,;_,,,_, .. ,•.~ · .·,, ', \/.' ~'., .. ·:\ ."'.' • ( .·.~ 

light .form. ~ingle a,ell :l.~.ola.tion ,was CGrri.ed .out .. on_. 

ltay 19-• 1932. 

:,Pure , ctil:turesJ:fre~,F·f,r.om bacteri-a.·:.were-:.. insured-::in 
I · , . • I • ; ., • • \ • - .·• ·: • " i! , · ~-... . ,, . 1 ·. • ... , ... ; . ' ~ 

. . 
~very c~;ae by single cell .ieolationw~th,theJJa.tber 

i·: : __ ·-•, : ,.J_,. , __ 1·:~_ , ... ; :,. •.; ,:, :'· . -~-:> .. : :.,.-~: :/:_ ... ,,; '.'~'•._;-,• ,• · .. •;·, >. ') ~.-·., :~.· .:·~·

(1914,) techn:Ul·• The _:ma.tority .. of: the·;:, iso1,a .~ions, -was
' . . ' ~- . '

·o~rried :ou~ . without . t~e _a.id of: a speola.l.;_.pi:pet:·:holder. 
' . . ' . - . -;-· . '.· .. -- -.·- • 

10'



- •' >

the mic.lroeoope<lS,•.·llO,t,pa,r.ticularly.dif.ficu.lt.with>any 
, ' ' < ' · · -•· • · - • • · 1' · ·,; ·. : r·- i -: -,._·.

apparatus •. '' A.f"ter, ,this is acoompl1·ehed:•t1lere le need,.
. . ·. . . ·. . .. ' -·. . ; . . "' . ' '. . . . ' . ' ; .. , . . ,. . ,. 

for lll:~Ve~ent.ln· :three p~aneso ~wo. of ,:,~he~~. are·,.obt~Jined

by the rneoha.nioal 13ta,g.e .• of' ·the ·m1crosciope.~ ...' l'he .third .. . ' . . . . ,. .. -, . ,_.) . ·: . ' . . . ,· ; 

. (up~and-do:,m)· must .be a~1>plied .1n.:,()O~~ect1on ... w~th;-,~~-
pipet. holder~ ·,Barber fl914): .~escr:tbed.-how.·e~~- ~~di~~ry-.. 

dissecting micr~sc.o~e. could.be .employ_ed qui:te .,.:f1a.t~.~fa.?•:· 
· toril~ . tor this.,. .· .Ualone . (l.918) -usett .. aA3eoond. mi..o;roscope 

stand~ 
Xn •the, present-work, a.•mo:terf eha.mbe:r- -ap)'.)roximateJ.y. 

'' . ·':'... ,· :_ . . . . _. ...-· .·_ .. •• . ' . . . _:_. ·. . ~- . -. . . ; . . . ·, . ; . . ,. ' ., 

4Z by .. 70 by,20 mm~ :wa.s·.·made, frotn·-gl'aes •-o~mented.··•.toge-ther 
,---- .. · ,· •· . . ' ..• . ·,.'_ · .. ' . . .'. ,· . : ' ·- '.·_ .. ·•_ .··. ,· -·, .• , ,. ·• -'··· ' ._.,· : .

with ha.rd •DeKhotinsky .. cement.\., ·mhe-.cfover .. glaaeea, were 
,,,,. i . ' ·, • ' ·.. , -_-_·_ ·.,_.·_ ,_, ·,.: : •.• 

4~ by 70• nnn. ,•:"·a.n.d--of ,number -on~ th;ckneee. to permit . 

use of t».e<oil·immeraion·-objeotive.-• .A .Sp~nc.er -~ic1:ou 

a cope . stand.•number>7 was "ueed'-for,< the •·observati·on• .. mi-cro~ 
ec-ope.,: .:···1the··• ·la.rge:,:ctrcular -<mechanica.l.·i'·6tage,< permits 

' '-1·, .· .,· • - . . '. . :· ·_. ,, .· ;

the. use of,·the.,entire, a.rea o1\ the,la.rge.cover, glass,·. 
1 , . , . ·•- } . . • . . .- 1 ., •• , ~- , ... -. i r ., ., - .., • _,,

used. The regular esubsts_ge condenser was removed •. and 
• . \.: . ·•. . . . -~ . -., ' . . .. ,i ·-,,, ·,'

iepla.ced by a s.ingle . lenfL in a ,subst~.ge .,inounting, :wi-th . 
•• ,., ..-: : . _'. ,••_-•, ~.' • ._,,, < . l,' ">. :_, i i , '•••: ,, •." _-.:..• •·• .' _ _- -: . •,. ·-: -:-- . ••;. •,•·- . •..._ l '<-.•. . . ,-· . .•. ::_ .', ,·.,._·:, . .- •_: , "'. _,-, ,: _- ,-,- ,·,,'. • • ~,'- • • ...:__. . , .;,,\,.

an iris diaphragm and. ot such. a focus (approximately ...... . 
" " ,,,,-,,,,> ., :.~ . ; ~--" ~-- .. :·~.' ,.. ,. -~....... ,-,,.,.\·-.'

1 · inch) .. that·. the. light could·' be.accurately focused upon 
,_·. t·- :1,•·••-• __ ,,_. .,, :_,. __ .: __ .,·.-,: · _--'•':"-'._·. ·-•·:'_'.-,,.~-_.- .. -;..,· ,., ·:,~_,,<I•,·•::, -~ ,._.·,_-,.'!'.·-'.:-"··,_:•-_·_J-.. ',., .. -.·., 

the under. surtace.\_of the,cover ~;a..f3~. -~A· ~i~c~rded:·: 
microscope. stand ee.rved afl,.the pipet .. holdero ,· A Ln:er 

f,., 4 I , ,' 

syringe, also attached to this stand. was fo.urid. pre-

,11
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Figure 2 

.Apparatus used for single cell isolation 



f era.bl.e to--mouth -contro·1, -tor: :p_rest)1;1re and .suct·i :on. 

The appa.ratue is -&~own1n tigure :i~o 

· !he --medi~ ·.tleed:. 1.n -the . cult-i'Vati~~ ,- of Eugieh~:-_-S·ra~ .--
c.ilie. was a .. o.,26 %.peptone: 'brat}?. .-to . whlch . ino.rganie , . 

. eai te bad . lleeri ad4ed ·(~l.mql';<l9~8J:., . :Bii.cto..peptorie . he.13 
' . ' :,· '- . . . . . '_ ·, . ' ~- . . . , . . . . . : . . ·' ... · . . •· -:. .,, . ~- ,, ,,. . \ . . , 

recently: .. been -euba.titUted .,-. f0,:11 ... the, Merck: pept_on.e . used,_-ln 
. ' ! • ' . •• • , ' . ' . ; .· •, ' •' . ' ' . ; . . ·,· ·-• .. ~. . . ... ' 

the earlier · work. ,.:as --.· being --.. a -more. :eQmple.tely d~gested .·
; .. . ,.\ . ·. . ; ..... , ' . .. . . . . . ' . · ,

and mo~e_unitonn· prqd~ato · 

. ln .a4dit1on. t9Eu15le~9, sl'achililo·. use .WB,E;. ~;lde. in .... 
the presentwo:rk,,t,f- pu~, . culturel!}e>{ t~e/tol{o~1ng, Uni~
: ' ; " .. . . , · •· ', . , . -· -... ; •'•• .. . . ' ' ' i ' . . . . . . ,• ;, ,; ,, 

cellular--algae.!, · Jhese , were ·. obtained,· ·1.Jl ·;Octol>e:r-l92.7··· · 
'. . :·, ' ' ,• . ' ' . ' . -~· 'i' ' ', .,. .. . ' •, • .. .. ,,

through -:the- courtesy .... o:f' -.Dr.• .. Frank-:-~.;-.--Warin :Of _the Utah,.
• . ' . . ; . . . _-_ . . . : · .. .. ' . . :,_ . : ' ; _; . t . . . . • 

Agri'cul tural , Oo1J.ege, , a,nd were-.~ulti"vatecl upon the · med:1 um 
·i . • • ._ : '' ' ' . • • ' ' • . , , .· ' ' - ~ . . . • . ' ' ' . ' •' ' ,· • 

used 'by. him (_:~: •. 5~., a.ga~•·conta.lning -ln<>rflani~·:'aa.~ts and:· · 
1:%dextrosel~ 1- , ••-Sonie,,- of- -theae •torms , a.re,:illua.t~ated .•in

figure 3. 
,, · .. 

1. Stichococousep. 

2. Ohlorella. sp. l# ij) • .Shape.:of . ~elle usually .· 
' -- •· • • ' . - :·• -_ • _ _- ~ ' J, " t : I · ·.• ., . · l .; • • ., ,' -' .- '; (! . • ' _.;_, _;;- "'J •~» •.' ._. • " .,. .-. ••-I . ~;, ."" •_-

oval. Size :variable, average 6 . by .9 miQra • . ](any oil 
I 1,·, 'i 1, ·• If~ " ,; •• ,1 ! ,, :, ,.• \ •• ,,, , .' • • J .· .... ·.~ , ··':-:'·', : , .. -..,,, I,>, , ,~ " ':

1
, • j , . ' 'ii( •· .-:_. ·•,

. '

droplets in cytoplasm. Ohloropla..st> cup-shaped. -~·_Lux-· 
•1,. • • ... - , ' < • • • ' • • ,_: , _c, • .. • : , •• •, ",; : . • '. : _. :_ . . • ,<• •• •" ' ""- " .- ·-; • ,,_ • • . •• • C,• • • ;,< 

u;ri~nt 81:0!~~- .: r1.11s ~:pec~~e. Wat.J.,. subm~~:t.e4.1>Y:. pr~-w~ . 
(person~l _commun~~e.ti?~~ tQ , Ve.~i~~s. ~u~h~:r;t+e,B: without 
definite 1d.entif1cation. Wil.le . in 1919 had consldei-,a. 
itas pre>bably aCoccomp:a.. 

.13 



Stichococcua sp. 

Chlamydomonaa ep. 

____ -0il globule 

--chloroplast 

Chlorella sp. 

Figure 3

# 11
Old culture 

Unicellular Algae X 1500 

Drawn from unstained preparations. 

14 



z•. •·.Ohlorella ·sp. ·(# lJ.) :·•-liarse>•,oe;t~e.,<·aV"efage•>·· .·
, ' ' ' ' ' ' ii ,/ '.'.. 1,: ,_• ' -:· '< •:- •: _,.,' ' ,:, > '',- ! ','.: ' .• .- , . . • 

.,.

This .••·spec~-e~•· ·W#l.& .•,li~_ewi~ e_,\ s~1b~~t,a i·)t-:l>r-..,,,}fa~, t~. i'!a7"•'

ous:····authori:~iee:: fo~·:i4en~tfi'1,a. ti on ,,w.i'thop.~·• .. defini.te. 

determination.··· -Wille"'tn-.,·,1919' reportecr··.:tt-as -probably-. . 

~· ... und~scri bed.•s1)eeie1r~--

4 Pro tO Eli.pbor{,,'bot·:rio~·des ·.·· .Jltg .•.. 1 Kle'ba 
,_ . . ,_. -' -a·· .. ,._ . • . . .•. - . ·. • , . - , - ., ~., .. · -. 

5 Qb.lam;y:domonas ·sp~· ·,

Eh 'Unid.entifled·•epecies,, (if>. !t)
: ·; _-' ., __ -.._ --. '_ -· . · ... ' ;.- ,:.·' ,. __ -, 

.,, .. -,' . . '··,_ ..·. _,·._ ·._,· ., .. · ·--:. , .. • ·,•, .. , 

natut"e -.of .·the•-mat.eria.ls,. ·ueed,, .. . s~.ma..sirnpl.--t-tda.tev vrere:••.••·•·.•,

centage .err.· o .. r.:tn·,,,the,"anal.yses is- .necieesa,rily'lilgh ··due
. . ,' ... : . ' ·'' . ., . ·, . . ' - •, :· -~. . . . ;,_ :- .. . ' ·. . . . . .. ,, .,. . ·' ' ' . . ... ' . .

' . . ' . . ' . . . 

to the. sma.l~ amount ~tma.terial. available. 

EXPERIMElTTAL ·WO.mt 

According .to, the :Present .conceptionof.:the· me~ha.~ 
.,.·:, l., ,· ,. ..:·._:·. ,,-: •'.; :, :_·-._'.: ~. '_,, .'_-.',,.. •-_. .,•.•.~:··"··· •·::·-·:.:.-:•,·'.:·--·•.·_·._,, •.. <_·p_.·_;_._ .. :• . ·_;·_· .-:_,,_;,·:,. ',_: .. _.,'_, 

ni.sm ot immune reactions,. there :firs-t. occui's. a. .. ep,plfic 
; ·-~- . ". ... ,, -. ; .. -.. , . '. . ,. ·. ~. .- ' • _,· , l .. ,, , . . .: .. - . ·• . . . ·,,. ·,. . . . . , . -~· .... ·- ... 'c ! . . .-, "' 

ooa. ting . of th,e antigen•. parti.cles > wi'.th anti body•globuiin 
{', ':)\ .,_ . ·•• , ...., ~- ,... I,_•·•-·· ': . ·-·:'.:·• I :, .• f•· _- •• _._/ , ·-_:· •:'.. ;_·. '· .•. · .. :c,,· ;.:_:. !. i:·-. ... ';,._··~ _.•· . .-1 .... ,:.· .. ,.r :~-•- .-•-,.•';.• ·.,::; ·.~ •~·" · .. , ·''.·• ·::.·\:

~.ha.ra.~,eri~t~.c.s __ ,9t_ o.eria,tu:rized .. g+.obulJn., par,~iolee •. witb 
" ;,·.1· • ' 

which the surface charge (repellent :force ie depressed 



Orga.nism 

}JJ~ ,ra.ciJ.is ,. 
,{greenJ••·.·,:•··•

1Noland··>aiH:-~b1•i 

a : ff ••,·("'
11~',?· ·

2 . . . .\ \ '. .; .: . .. '. : -: . . . .. .. . . . •.· .. •· ;
••. •·• Imtir.ae~\1.lanr..:,w~'&~t-1,~-~:e"'~'e·t.•lii'i,ei:•,,:p'1,t.i,ol:e~·1·e t~~e r • i h .col.d. 
511ixtur.e . of · :Noll\ilti .~Jlo. . tr\irtox. stratµs .• · 
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'.,·..· .. , .. ".' ' ."

wh~n: thi' ,.decrease,··;_,e·.sttffi,eient, fihe,.,part:Lelea ..... · .. cl~p:, 

t·~getller., ,·:The.• a.l,t~r.aM.,on· .in .. tlle,.,au;d:'ace--· 11110.perti:es.' 

ot th~: antigen :by1a sensj.tizins ,a.u.b~t~nce,.fron1,, th~.:~e:rurn
' . .

als.o· .:ls : a,ueho as,, ,to·: p~e:pa.~, , t}tei' all~1gen partiolee- for.· .. 

phagooytoad..s--,U:U-dc:i,·;•._,e'f;•:· a1.:·,r,!L~29}:.,··· · 
, ·ini the ;-case. -ot:•.,:the-J;~e1:rt.-rna.Jorityt,of-.the . oel-lular 

•:: . . ... ··, . -> . ·_ . . ·. ·:·. . ·''. -_. • .-·. •• 

ant ig~ns , '1 th.Et·---a.daorp:t_i Qn ,-of ... :anti•'boclyo aoe~- not,. s eemi ..to., . 
' .. . . .. .. ·, . .·· ' . ' '

be- -ha~ful<_/to• :the ,,eeal..•n: .. tttrie,,·..-well- :k;nov.,n,·-•t·or·-'··,_exampl:e-
tha~ a#jg~u:ti1;1at_ed ,bac,terd.a.-•·-grow ,r-eeui1-ly.,, _, '.Ro_w~ver,.,·\ it 

, .

Poomplement .-, • ·• -an.. a.c oef.S~:.ory-, thennolab:J.J.e-, enzyme-1.~ke: 
. ,.

constit1,1,ent _·.0'£·,serum -which, -:1-~-, t\da0rbetl:•'non~ape,oit.ioally 

by the gl,t>bttl-in-.,ooa.ted .. :antigen, ia)•·p~esent-," ••the ,oe1L ~ 

may be se!lsi~ive-1to,this union~ ,-,,··Although eome•·bac:ter1.n. 
~f e ·-· ... u.n,rfeated,; othe~~'-·a-:re'.tj~3tl£le_d:_t>a ,,,-tew·>·eJ~n d.:Lst:nte.-

g;ratedo ,,, ,_Erythrocytes'.·are"' 1a.keti,.;a.nd,,speoif_:t~ a:toxic, -
, . \' 

e:ffeots have been deac:ri'bed for a. great variety ot cells • 

.Review. of tfter8.tur'e 

.AS wila, be noted later, ,. serum c_ompl..eme1it is. not 
''..,, ,· :,,., ..·.• . ..,,, "•·'

_eaeent,~~l .for _the ,,d.enionatration ,of: the immune: cytoto>:in 
I •·• . . . . 

:rea.otion dealt .wi~h:.h~re., ..... Altll.ough;·in: general et cell·.· 
,, . ·•· . - .. ,. . 

.. 

is .n_ot 1 !.~pp:reoiably ~nJured by'.!.its. antiae~:: ~~:.·:~lte.'~~senoe 
of' ~erum cqmpJ~~ment1<Qu.Ch· oases. __ are .• not .. urtJtnovmo .. ;,;.Rae~
' . . ... . ' . ;;. . . ' •'· '·-~ . ,; :_} .. ··.. ··, 

ale . .. (. 1996).. ~ta tee._. ,that ·.'heating_ an .immu~e. ~erum_,:: produced 
. , ' ' . . . " ' . ' . . 



by ·inJe ?ti on.··. of. -:-rivtng· •l?a.:rn.rneoilun ea.ndat1:Ltt1, •.•.into:• .,raJbb;ts, 

at 53°·. a/. for ,t,h:ti.-,~y·.minutefi.·.d~-d pot -a1ter.-iitEt'·.. s:r,eei(lc 

pa.ra.1:rz':i,ng .·a11tton.' ... lJe ,im:pl-ies-.ctha.·t e,cpoa1t~fJ -t_o-.a hi~her 

temperat,.1re did;:do· so,;,tor,,.,he,. :.S:9-Y~<':·thl3.:f;, •anotheJJ:••aelJl.tilh:·

prpduced-·n·th •·dri,~d-.n;eatedc -P.P-t•ra~eci_a,--,.ditt~r:ed.: .~r~ni,,t~l~·-. 
tirs·t. •,in \,that .·1.:1;,"09uld.,not ,be:,,.ina~tivated,,? even· -.by)1ea.t~ 

,. :-· 1' . .. ·• . ,. +-· . ...

ing •...... at\; '1Q0 .,.c.•,•-:t:or-••·thi:rty .. minutes:_.,-.1,,,a;owever,•/he~·•do~'"n~t 
" · : " '1 ...··.:>,- .•· "'. .· :: --. i : .. ·' ::' _- :, ,·: ... 

mention ·o·ontrplling; th.is with eim:tl.a.rly ,trea:ted normal 

ltamil.t·on· {1908).,· •:report~d:.· .. f'or,, e,,: ·,'.dlphtheroi~,,~.ermed ... 
,- ·. .. ,·· ·•. ' - . .·.• .... ._, .... · ... ' .. : .. _,:,· . ::·, :-·-, _,· , '

the. •Ruedlg~r~ ·,'b!u1tl.lv.s·. a~··immune\.• 'ba;et~ri:e•~dtttl,,/sub~'tance 

wbich. eeemed,••.•ttt:a.~t:•without .\,c~mp~ement ... •·,~act:etfeidal' 

.sub.s~a11oee,, for::rthe ... eatt!e•-,orga.nism .. ••·1n••..nonnal.,,, serum•.,.~,lso·· ·

. w~~hatc:,o4:·.a.·:temperature· which,.•,1loul.d :·ber·conei~e~e.d•·'•t~, 

dest:roy e>ll.•icompl.e111ent·, •·-:but. ;4flere. not .e,s thermostable 
• ,.·. -.• · . ,· .. _, , .' . -,: • t, 

as .. the immune ·bodi'es. 
;. '. . . ! 1 . I. _· .. , '•. .. - • '· . ' . • ' .. : ·.. _: •

. 1h~.. w:ork, o~r Sellards••: (191:Ll with· a •·eptcific,.--cy.to~. , 

toxic serum f.oramebas, i.s inconclusive. While .no• .in ... ·. 

activation re~:uite·d· after exp,o:eu~.e to- a .-t.ein~era~urj 

o~ -~-0~ Q., f9r ,:p,~~1. pde, la~ying ·,from, thirty\ minutee _:to 
0 • ' • • • • •: •. ..• • • • • ' •••• • ."• • •, • • • ,•, • • .. ,.. ,• .•• • \l • • • •••, ;.,,• •••• . ..;_ •" • ":' .. ' .. •,~, •: • .• • '• s\ ; .; _.,• I 

~11.~~e, hoU.X-i?,-' _o.:r, ,of. ?QQ.Q. tor: th.i!rty mi nutes,: . he :£ound 
'_·,,,-!.. . ,·. ' .· •,.,. ···•-•·,. •.:·."·•· .. _,.._ ,·_. . . ,. .• "' _·. •-- ·:. ,_·._. __ , .• ·• . ,; ','_' ... ::"" ___ • '• 

~hat.~~~a;t,.,.e.~,~~ .!le.~~~,~_.for. on~ n;pur: ... at eo~ o. ha_~ a.o~ 
.q~i.red .~ .. ,Jo~i('i. ty. 

I • I I . ; · . : ; .' · .', . • ' . ·• i ' · ' ·~ 
1

,.' . ·, ' .:, -' , i :·•.:.• • ' \ : i• 

~-: si,mil~r.· wor.k,. ~Y:··._ ,~!~~·~.~-· ,c; ~A~) •.. -~~~Erv:e,:rt,. wa~ .. .
:· .·.:. ,',- .., -/ : ~,: '· .. ·:· ' ,; 

apparently _oont:rolled; by normal ser,um. <.sh_e ..~ro<illoed, , 
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an antiserum ·with .a. -preoi:pitin tlter ,..\of, .. l;-100,000 .by 

inJ eoti on , of -. a ·-free,-1.iving~ ame ba. . ::A. l 110 -· dilution. of 

this antiserum .killed-. the a.meba.s .wi-thin :::~ne. hour, an.d 
' ' ' ' : . . '

. a l:1000 · -dil.utiion killed, them Withln .eight. -.hours. -: The . ·. . ,, ,' · ,· ,,

itnmune serum did ,.-not:,-lose-its-- toxfctty,,up~n -he.ating-
• C ••• 'I '•' • : •• • • ,: ·,. . . ' : 0., '· • ; \ • • '. ' . · ·, ·.,.·• •. . . 

at 56° c .• -- :for ·-~ne-ha.1t hour,, and normal·.•··serum apparently 
was not toxi-c ·.in -- 1]10· dilu-tion >--e;fthei- heated. or,.:unheated. 

Jllmor.e (1928) •• after gl ving ta.bbi tei ·intraperitonea,l 
•; ,;· .. . '.• . . ..•. . ... . ·: , _ . ; 

19 

i~Je_c_~_io~s -~·f .-~~e .. wllole cell1.1 _f'rom purey: _c~ltu:res\ or ::: · 
,Euglena -s:racil::la _Itl_e~s:• to~~ ;that ~~e _ ~erum.-. ~f'. the ;treated --. 
. rabbite -.~a.uaed :complet-e sedimentation of':,:, the : eugleiias 

• i '' ·· .. . · • . ·. ,. · .·· I 

up to 1:1000 ,original -serum. diluti9n(lt2000, ultima.te .. '"· \ ._, " . . '

dilution). :AboVf3:·l:50 dllution o·om;Plete··•J:eco_~,ry ciften-
: took plaoe.··--, 'l'~i~----·. immune• .. serum.·••·•prop,e_r.ty~·;:wa.s-•-.•in:,.ah~:rP 

contre.at·· ·• ;to ·,,the-/i'.·toxio\:,·ef!fect"',/,ot·",noi:mal-"·'·J-al>b!,t ";;;,eeru.m;.~..
', ·.: ,', .· ·.• . :· 

in that ;,• ( l )----_nortnal; ,i&erum i.•had,, •no<·$:ffe()t '.;~bove-";'l s•-50·.;dilu•-

_t.lon·; · .(2) , tbe -·immune·• property ·wa.s -,thexino·stable·.<and ·did · 
not require ee~uin .complement' -for -its .demonstration, · 
while th.e toxici t;r of norma,1 serum. wae •, con1pletely., 1oat -

' . i ' 

upon in~ctivation • .. se.dime_ntation WE\_& ~~~01.71panied: b~- . 

discarding of. the · t .l~_ge~l~i. a comnmn; :il'lj~_ry .r.ea<.ttto~; · 
' . ' 

recovery -by 1ta regeneration. p_t~,t antigen-an_tlbody 
·:: . , . ·, , .. .· . -·: . . ··:• ·- •;--:

I ·

reactions were: abee~t or indistinc_t. 
uention should also be JD&de ,hex-e -. of .the baot.erio-

. . . ,. . 

phage-inhibiting .antibody. The 'majority of .workers 



agree tha,tf· eomplemetJit:. 1s· :n,o~· ·nec_es:sa~~Y tor<the_ iict~,o~ 
.o{ a.nti-baC•tetiioph~g,e' S·('fllum;· howevei:', · .1.t, .has>.,be-en:..,sug- ·.·, 

gested .. jthaA-,the,:inechanlsm.·iS:,.tha.ti,Of,,.9.,,,:toxin .. antitoxin,. 
; . ,.

neu.t.ralization .(:Sronfenbrenner 1928) ~. 

''

fully eta.nda..rdiie, the-•·euglena.· suspension.· used,•.•:ro:r>,aerum
; I , ., ••• :. :,. '->,: '' ,' ·-> _:.. I'. ' < '' I~ ' '

titration. !reshly .opened cul tu.res of three ... to four . 
; .¥ ' .. 

;;;k• firowth• ,.'.ete.. ~~ed.. •· •l'oungei .o~tµi\~$ were .. moi.\e • e en .. 

sitive to:-the, serum,-.•wbile-1n·o1~er/cultures· there-.wae 

usually some-.•·aed.imentation,in,,the salt~ .co'ntrol.- 0111•· 
,·'
j_l - ._i, 

tures which heit ··remained 111 , the ret:rigera.to:r f,tir a. day 
or longer seemed ,more reai&te.nt 't~·,,~{he,<S:erwn, '

', t / l 

The ·euglena·•.,,suepe11sion- used, was., adjusted, ... so ·that,
! . • ', ._; 1 . -~ ,. '.. t .. - . . ' ' 

., ', I •;. I

it contained 500, ·organisms· pe.r··OUi''trml•··><·Thi$-··••a.s .,done 
I J 

as follows:···•·. Gne,:cub.ic ,.,centimeter·-• ot'•··a,<cultu:re~-, conoen..; 
, ", ' : , ·; . . . .. . ; ;_ , '. ' ', ! ', ', .' i . i : I ' .•. . ' 

t~ated. somewhat by ~i~ht · ,,c:en;trifugation,, ,,was · m~xe4~ ,wi tii
' .., 

1.0 cc. of a.).s.1000 mercuric :chioride. solution. One 
,. ' -:~· 

drop at· this :mixture. wae put· into. the .hemaoytometet; 
• ' : . ,., _., '·"' l , :.i •

Clounting _chl:llllber, .• and an average coUJ1t, obta.i.ned. ';Che .
'

cultur.e ,vae :then lldjlJ.f3ted by: t~eadti~t~ion.: of q.? %.Jia.01 

solution so tha.t11t contained 50<Leu.glenas. per ,cubic 
, ' , j r -, ' -• - i • ' - • , - - - ., - . -·. 

Williams and Jacobs (19~1) have recently c~lled 
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sodiiuil chloride •.. ;Whfle:.no extensive. study·or,. tbe com-, 
' < 

pa:rative tox!elt.y .. ·ot\d.J.tferent · preparati o.·ns'cto • au.glen.as 
, • ·. -, ' Ir- . . , '- I • ·A• 

haa:··been· made,. In,.a .. <tortoentrati(mU:of o.s· i,cm~·.aample. 
·• , I • ' 

of·.··.·1a1·11ncktodt•s:•.chemi_cally·.p~fe >granula.ted:so~iwn. 

chloride.· wa..s.foun'1: to· -b.e· ·toxic.«.wh.il.e.:• one,-;S~l)fe·\ot· 
l3a.ker•·fJ analyzed sodtunr c_hloride wa.a entirel.Y lion-toxic,, 

f.•' 'l'hennoate:bi:tity.of, the. eJjoto:d.:c·.'pttn9inlf:!· • 

ffhe thermosta.bii.:Lt.y .. of( the .. antiserilin. lit¼s, bee1'i',mentioned. 
·I •. I 

pre vi ou.ely .·(Elmore.·•· .. l92Sl." . Kea. ti11g ... ,.tor . thirty · rniriu.tes··•
' . .... ' .. ' . ~,- .- --· ;, ' . . . . . . . . ' .

at c{(t tLr. ca.ta~es--no· decreate: .. in< ,titerJ .. wn.:tie the cl'orre~·-
• ' . I •~- l '" 

spon,di:ng ..·..··41'.lut.fons. o:f;.,.norxnaJJ.; serwn· ar~:entire~Y•/:~nao~iveJ 
ihi a tempera.ture:,would /be< certain, to: destr.ey -a.;i·· ser-unr.

. complemen~. ,,nehoe•>any, rol.e•:•Ot· it. -i$:: ei:L~t~e.ted~·,, ,,rrhe,

cont'rol. ![~.th: normal . e~ar~· eho~s ~~:t····.t~-~-.,~t)at:1ng does 
not' ip~roduoe au adclitiopa.1. toi:i.c ei_ementl 

~;~: Sp~ci;lfio~t:r:of, th~ ·C;tt?t16xi;o:.p,¥i·~c~-i,1~ .. : --: :t.t. _
·;\1·-.· 

wa.a to: .b~..expect~~:: that ... no .r.eaetiob wo~l<l occur 'betwe~n

an ariti,~euglena .serum ·and. other unicellular ... o~ga.niems 
) ,., I<• ' ;,I . ..,_.. . .... , . ·_ i' 

Tren,ttnent o:f .the: :immune f>erupr_with' Olllorella sp~·- ,(_··.·#_ ......... 11') 
' .·\ 

o~ueed no .. adao~pti,oh• .of. the .... ,9ytotoxlc'.pri.n~iple',: .... while 

BilDhar tre&tmfjntwith~giElha si~cili~.didal> ao (E~ .. 



1more . (19~8.J.··· .Xd.entical ··results<were .. obt'ained. ·when,: the 
:unidenti~~•·ed,ai:tga,s_pediesd.fj,,•,9.,,waa•,,u.eed :in•..·pl~oe•.•of.!Oh].i:f ... 

'· ·.·· • ' ·.· . ·'· _·· 

rella ep. , as ·reference to: .:.tal>le 3 ;.wi~l.-. show.-
'_·' ,· ' ' ,,

,!J.'he •·effeet•.··of: ·th~:.a.nti~sraoil.iS> sett:Wl ·Ort ot~e·r'. .. 
species of euglene.s wa~. studied• ditectJ.y. · · A- t'orm. iden~ 

t :l.~i ed ·· ac <H>~ding ito th~ cJ..aseifiC8'ticon -~r. .Wa.l~on:•·.< :9~.5) 

and of•LBernlann (191~},-as lfuslElna.•l?nlil!J!Orpha Dange~td • 
{3ee :t.i.gtU>e•4.} ~& found:"1,n••••1atgtnUit'be;i:", .:in. a .ia:1.;r41ta.1;e 
·~f ·•purity. i.n. a- ·pond "sewn.--· ·'-An:?thelf.leu~J.ena •occurr~ng .. , 
similarly wa.e ,-pu.'bmitted-_: .ta .•l)J:.'. .:t.:,ll· •. · Walton ,for-,,ident1.~ · 

.. ··_.·'. ··;·, ·. ·.· ·. . .. . . •_. ' ·, , .. -· __ ,. __ ,• ,-, .. ; ··-.' , .. -•. , _,;.·.•.-.>, .. : .. ·· . · .. : .- .. 

r .• · ic~tion.··•"· tte .. reported, 1lhat.:,,.1t/,,was,,..• Eugiena.. :;proxima., .. »an-. ... 
· i . '..·,:.•:· :-, ,; . ...·. ·· ..:r .:_ '. ··. ·, '.· .. · .. · ... -· , .... ·, _·· .. .._ •

', ,,· ·: ·,' . . .:. •:.···: ··-.·:· ;-_ , ·.··

g~ard·• .. o~··<Perhaps,,,a,«va.riety..,,of,,i.thi.s<:ai)eo-i-es).:.·:,.,'..,,ne:•:aJtt:t--.. 
sra.cil~. a:···serum had, lle:,;eftec.t.•on> either:,•· .. of,:.~hese,. •Sl)ecies .• 

A··.1150•·'··.dil.ution,,of,.t,he, serum ,in· ,cent,:ituged••,pond•·••water 
. ' .

was mi,ced,-wi·th· a.n·,equal·,.vol.,m.ie •.of· eugl.ena,susp~nslon, 
and .observe4 •im:1eroseo·p1·cally.·, .. ,Simi-lar,•trea.tmentof .. ·.'.'· 

. ' 

1}:11gl ena.·)•~raciJ.i.1.·"··Cau.sed,,.,a.1~· ,·ot,·>the·,,'organ:t.ems·-1:to· ·~ou.rid. •;
/;) ' · .. '.. . ' : :. 

up and settle'to .the,· ,bottom .with.in a,.,few :minutes .•.... i, 

~·e .. strains . Qf .·.Eugiena•·'gracilis .,eul~iva.:tEld:•· fell- • 
·•· 4. ,, ···•· ·• • Y ,. · ~, ' , ,. ; f · ·•-: ·; · • · • " '//' ' · ·" 

' ; . !.-,r , 

. into'two. diet:lnot groUpEJ-S,S .to.their growth in<the .3.1--
,, ' ', ;. .· ; , • . «•-· ··."" , ., - . ,. l .. ·. ' . .._· <' .' l ......., ,._. '.._

quid-_.medium ·use~. .:.Jahn•e·(1'933.) pj;tiaily .. hydrolyzed 
. ····:: . -,, .. '. ' . ,.

c-~_sein medium for f!!uglena. -g~aci'ii's was tried, with the 
same reaultss 

X.uxuria.nt growth· 

Boland 
Tu.rtox 
3ewell 

. ne1J .. cate' 6rowt'ii · 
Prague 
JUchigatl' 
Rochester 



flagellum - - - - -

blepharoplast - - _ 

paramylon sur-
rounding pyre-
noid in cyto-
plasm - - - - -

Figure 4 

granule 

- - ---endos ome of 
nucleus 

_ -ehloroplast 
(The chloroplasts 
contain a p7re-
noid nucleus sur-
rounded by para.m-
ylon.) 

Euglena polymorpha Dangeard X 1500 

Fixation in hot Schaudinn's fluid; staining with iron 
hematoxylin, long method; counterstain Bordeaux red. 
Length excluding flagellum is 80 micra. Stigma does 
not show with this stain. 
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ltainx··. e.ta.ted,.· (personal oommuntcation)., .o~ncetning>*he 
' ..·• , .. · . . . ·, ,,·· .·· ' , .· .. _·, •. ,· .· ..

~lioland11· strain•,· ... which ·wae,: f:l~nt:·· 'to; hi~) il) •· ·. e,ccha~~·~; ,f:~;r. 

the "Pra.gtle"·• .· .that•: it.• v,aa .. · entirely .laentic~~;·PhY!3i9~0~-

i ca11y· :with•. lli a••·· ~wn. •~ulture~,,.:c,£., thi.a '.a~ecie~;•:"'··}te: .us.•~e 

a/ diffe~ent· 'medium, ·:>aitdcdid-not · g:ive :•any•· :~aei_a?f~r t~is 

·opinion.· .i ~t ,is';,hardly:. ~nought •that\this. ,.•dif~et-e~ce ... :Ln

ma,llner or.sgi-~~11.<ie • . an, e.dapt:l.ve:. onane: e 9n• .. the ;pa:rt -. · o~. 
. . 

tllia· organ!em '1;0 , .. p~olonged .oul,t:i.Ya.tion..,; folt-.thi a•·dltf"erence 
' . . '• : ' ·. i • . . - ' . ' • , . . -_ . . . ·-:. ·_ -. ,' . ' ' . ; ' . . . :· : ,; .. , • . - • 

ha.s ·been., notea. .. :iein<le· .. their:.:firati.1aoiat1011~· .1n.' :r,ure,,.cuJ.~. 
,.··· , . . . . . ,. ... , . • >· ' . ' . ' •·. . ' .. ' _. . ' '.

ture, ·· ... and·Witb,·icc,ritinued,, cultivation; .. the:-.deli.ca.te ifc>:rtn.a 
, t . ,1;··' . ' . • . ' . ' ·. ·.. , . . ' ··, ,. . ,. ·_. ,,! . . ~- . - . . . ' ' '

htive .allown >·no>char1ge•..,,,It :j.s.·tn.ought·. ra.1iher.~~att•tf1it:1• 

i:s··· one .:i.n<Uoation•.ot·-at'<leas\· t~osc'.Q.jdstine~,·a:r:acilfe,,:• 

types• .Xn· qase ,this••·iEH::true.,; •·tmn1w1ologl,0S::r?teat's should 

. 'br.1ng ··out th:i. e ·difference: .even more. · clearly. 

·. Accot.dingl.y,,.,u.speneione/'.containinr{-approxi~a.telr .. 
the same•·•number,:\·'o1\,,organistnsL~,roin:\',0~l-ture•l:Y.•Qi,.:,the·· ..... ,a~.e

'; . '

'age: were :.prepa.red::•>of'.•''$9.,Cb?··e'.:tt.:.:t•he,.·e'.'9llr:i·ous, straitl$•·8.tl(\. 
, - a ' . • •. '. ., . . '. • : . ,- - .; .

·, .. :-· .. i·', -, .. _ ·_-,· ·_ ,. .. . ., ._-.·.. ·· ... ··i ... · . - ·.. . ., 

11Jolandt1' .·, (normal green);.)~_erum. :were, prepe.recl.. Equal: . 
,,.•,-;,,'" ,;•·•···r- · <'- ·• ·lo.·••I, ·Jo· •; -· ·.-,.,,, •; ,. •. _,,, ·., ·••••·i,••· :.;,_.·,, ·_·•-:-.'• 

' ,· ' '•- : ', .· :·, :: -_ i '

ve>lumes ,of •·etum ·dilutio,n a.nd ,euglena.~µspenaion wete,. 
"; •', -.,,. ·''·"' ,. \ •. , :-•.., ;.•.•,> -, ,,.. ' : ·-~- .... •.. •, :. . _,, .... ' 4 ·• •;. _·,c·_ .. -,"'" . ; .. - ·. (_. • .. ,; ·• . "· •• : • .:. ' . ·,_ / • ' • ' , . , , ., 

mixed• ·small·J~la.,e,'.'.~.ellt,.~d '~·~.~erve~ un·d·er.'.lO\V·-~~sni~ 
. fica.tion tor- cessat'ion •of movement·, 'and se'dimenta.ti.on 0

' , , . • '-'• , "·' ,;,. • ,. .; •••· > >; . ••. . I 

:lt, is ee·en ... thaf 'the strai'ns' tail into .·two di$t1ziot. ,.group1:1, 
,'. ·/ .. ·, ''--. ,. 



,~Al3Lll · 2•·

Cytoi~oxi~h' retl.c·t:i.on1:• w:,it·h i:v2~:i.OU!)<,· St·:ra.inr:;:,and•. !'h~m~ ·ot 
. . ·, }~ugJ.Ona~· ,ertrniliiTI.ffMJS'• p~,111g:. tmt,i·k~•ifo[and" .: .- ~ _ ....... 

· ---· -, .. (norma_f ;·•'fireen:)'.·./e'.-er.um,:~·,ti•t .. er>.;!·:.1000,.\-.
. •,.. !/:. :...:.:\ ·. ·..,. •-•,, .!; ··:. :,.1. :· ~.' 

Organinm 

ltolancl 
e;:ree;i_ . 
n.r~ll~_e J.ight• 

Tur~ox ._ 
green ·,-· 

?raguei · 
green 
liya.lihe da;i?l{ 

.> /Ill'! ,.,1/ff ,, y11l -, /lit· ,. ,. 
/Ill;, :'/l/i: ·--. .fill.· . 'ill{ - -
/111', .. .:/111 ·-.. ,,:,, . · . .- ,:i11J 

II-IA --·,lfl1 .

.. ·._,'.1_., 
. T'-' .....

.. ·- , ..•

·. · . >
1/ll/ ind.±cates· ;1;10 ::motil.e . :fo;:ms•• ·complete,isedl.men• 

tation·. 
2 • .· . . ·.. . .
Fewer_organieD:ls ln suapeneion :used. 

•.



eha.ract.eristica•. a.a mentioned. above.,;, fl.le .. }'fu:rtox1 .e,~d<,; .... 

•'te~i:).i,
1J~l'e:i.na• '~l!!liCt .to/th~ .ti,tk';t' <dt \ tlil' · s e~i wnt le 

'·.· .,' . : .. ·, . . ',·; ,.

the ·eerum•.··•.18 pra.ct:tca~lY··with~ut et/eet!/upon .. Vthe·,.',lJr~gue!, . ~-1 cbiga.ri•·. artd _•1\o6h~ste,H( .f!tr~ln.,i~i.,'.\t 'th~··· ;hya:L~hEt· light 
· .1 ;. . . . • . .. , . \. ' ' . . . .

form ot ·the -•ltolandtl · strain and the '.ll.a,a:tine :dar~ -~c>.3·'111. 

form •. . Tha.t' a.t' ieast;,,·"thf{.·difk: :.fo:i~m is'. 'not. id:ehtioa.l 

'an.ti~;enica.i:ty.'.iith the :.g;retbn ,.forril-:v,iii. be slto,m ,in .a. 
i;it$:r ~~c.tio~;. 'buti.:t11at-, 'the: .. varib'us .forn1a .. (~·~rn1~1 ~reen, 

hyi\iihe ilibt,;· b.yal.i'ne>c1.a:rk) ;o'~'.one, ,.fbrairi-,are Dl0:1:8.
1

ci. OseiY· i•eia..t ~d •.• ~etoi1>(ii Qa.il.y ... than ·l)GX':I: eifPouding• £-Or;~ . 
ot ditfer~·ntc,-•strains•,••i-tr.;i.n.cl.iea.ted.by,.cthe.· ..... abbve results•. 

:a:~.· 4c1~·1o~ptio1t :01£:>the h:j;btoxic( prirfolni'e· .; Spe-
c1:r1~ a.dsorption/,by-, ... 1\s.:a.ntige'n·,i$·•X·ecognised'.iaa',one 

. . .. - . ·, ... ' .. '. .-., .. 

of, the ess~ntiaf· ·e'hatadterietiL·cs· of; an' :anti'bO'dy~-' '. Talia-. 

t~e~;o.,i(t932)·,·"&lone-~, .. ::'1n;,,,hi·fJ,,·.•etu.a.y:/o'if· ·ra.ts\·inteleted•····\'/i.th 

::rrip~riosdma,:lewlsi··.~• ·.·hae'ides~'ribed ·.·~ri: .:a11t'i bo~y •. ·.•W~ch 
erittrelf,,la.c~s>•·:i.n vit:r'o_.~rfi~it! .. t~a:. ~tir. a.nt.igen. For. 

th.is' :rea.~on J(e. ccinsi<l.~,;s·'.it a. 1new .. type o:f a1fti'obdy not 
.. . . . , ·-; ' .•.,- '. .. . _:,. . . . -· '.' ' . , ' ~- ,, . .' . ' . ' ,; . . ... , ) ·. . ' . . . '. ' .. :_, ..;. •. ·, -

1:e.~onci,la.ble ..• ,!'ith ·tli~! .• u!ljtari~~ ·5=.o~c.~»~io~'•.·•~n,t ... ptoposea 
.th~. t'J1,r· tt,e,bla.st:i~tt : qi.nee '1i .'ts ]nanite.ated by:,_ its in~ 

.. ' ' ·.~ ·<· ,•' ... ' ' . ' '

hi,bfti ~n: 6{. fe~roducti'on;~-
,, ; 8:ome degree· ·or. a.d~'_orp_tioll: bf 'J;,h~. h9¥1ologoy.s anti• 

gen'· \,as :rea(J.ily d.emonstr'a,tect in the' ;preiaen't work-, ,and ,
l • ,,·. ••·~ ~--~ ,, ... ··~. ··:• .., ,.··.; ~--;~ 

it ie believed that complete adsorption could. 'be obt'ttined 
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by. pt'oper •·a,djU$tment , ,-of"•:.•aJ~l.:•,crf.1 the: tl;.pto:rs--1nvolved.~-, 

t,,,.n .. ;ex.Per.im'ertt·,:.:sfn1il~r -' to:; :tho:.:t '. ,. ~xle;trl;ou~ly_:- l'.'~lport_ed \:(I{ij9,., .... 

1110re l928.).'.:,1s-•-:·gi-ven ,;·5Jt;:tabl-e '-3-. ,.>: }flie· '.titer . .'of,_ the -.fle:rum; -
• ·. - ·•·. -. •. ·~ . , .- ~ .. : i : . .~·-•-_;· • '·: .,: .: J : ·'_ -_ -~ -- - ~ . , ,;. - ~ · "' : .,· -~ . ·' _ / . · , •• -. · ;· ·- • '. ,

·wa:s ·;Lf5'00·-• <-·QX-igi:1'ia1.·/ 'dil-utton-l.·:··,•i; weJ.'-l:;, ,,w~Jdh..e:tl·•··0/3lls '.:'.,w.er.e 
• ~-:~: , :, : ( · . . '·. ·_.-.:·,-_,., __ ; ,, , · ,:_,:, -~·-_- _ : ·: i ;< ·:., y! -~ '.·-< .,,. , ~:;;:-/-·~ '. ... .-:>:•'.:;;'•~{ -,i ·-:-.i - ':. \ ~:' _·•_1/ . ; ··./-..:/:_<" .;: :- ~--

·ue;ea :to':c '•, .the ·a,cls·orlil11g'.thtt•ter:tal .·in . t'lie .-proporti6tt of 
; .. • ' •. . ,·,: • ,' , . .. _.·_. . ' ' ' ,,•·. ' ', . . ': _ . ,, •· .

~~?. ~J ,CSU a JcHJi~'7' !)art.~••:ot\'; l 10 .,,~tfe,-e,rum, · •· 1),le ,..
·.. . •. -, . . ,_ . . . .. . ..· _.. . . .. ••. .. · ···. ·. . .· .. ·o·. tub,s :,-~,re; :1 s~~l,cen:...,.t~o;rongl.t1y::,_and '.··}.,ncµba,te,d;c:.·at,:..~!'/ -. Q .• . 

, ' ·, -_ -..~, ' ·, • ~· -.,.. -- .~ ,.· ,· ; , •· ;•,;·_,.-· .•:•_ --:• :___ .,. ,,:. ; ·~·•{; .<. ; ~ !·,, , - '•,:' I~

for thrij.e,. ~ou.re f. ···fo_llower1 ,,,1by.t_twenty.i,-.h.ouxs," t.n,,.the. -,r.ef',:tg~,t
' ) . ',< . ,' . ,.,,, ' ', ' ,.- ·. ·:·_,_::•. : ·.'. . ' • ' • • ' . ( ·•• ·,._; ,·· ,· ' • _., ·' .'· .•' .. . ' . :. : .! ',· ' :i ',• ' ,, .,., •/ ,' ., \_.'_ : . ' .. i .'.,, . . ' ",', ·, ... . , ~----- .. ·-, . ' ·.' 

! . ' . . . '

t 'rlfuga,li~e-ti-on•i:•.wa~~t/JlB~ea-.;:~:0;r?:1~tp.e.., -;_t ;efhi-.., 
, -, ·_'. -·_; · . . • . -~ •' ". , , . , -: - -'-· :··_ ·: ·:-·_~ -~1 ·· · · . : '--- .~. _·-' ' ··:.-. ·~ ;: f · ··. .,

wa~:er ·.:~~?Z'e..-•:;.set ,i~p.•· '!l•th,ca••··•"7G~:8h~d>·e:ue;~ena,, -B;US:p.ene:ion,. i~:•·· •
. . . 

' . . . . . : _· _ . . . . . . . . . ' .. . . : . . . .. .. ·. . . . . . : . . . ' . .. .. . . . . - . . . . _;. :., . . : '_. :. : . ._. . ~: : . ' ' _: .. . ' . '._- . . .. .. . . 'diotil led•-Jvat er·. ·.'.+ rehe\',: resut..tsy-w:e:refa••identicfltl :/':w:tth:\ .. thoee 
, .:. ~ _ : ..- . :. '- I ... .. · .• • , .;;_·: • ~• •' j" .I . < ,• ·· _.I . / ..,:·.'.·--'. -:. _: .,•. j .. ': __ •:_-~ - - . t • ,<··~ ••> > </ ..:' . •

of ·slmiln:r.··:··:di,)lijtlorte 1,,:ot.·•:the,\dta.lyz~:~1;:_,:it:erum·· ·, i-t1 ,,,phy$,! 'oi>C:.-
f• ' •· ' " ., ';· :~ ... : ... .- ' ' -~, . ·' ·.. .. ' . ' " ; ·' ,., • . . ; ' . • i ' . , ' ': " ,' ~' : ' • • 

'r~actiort ·d$·.:,notl •·like1-··th:e:. a,gg.luti'n;n·.,:,8.htt :,:p:r'..eci:pi.tln: .. '. ' 
_. ' • ,, ' , • _I - ; ·t • _; , : .:! • .• • • • "

:reactions. a. sent! tlzatt<>n, ,to ..electx-olytea,. .. Roweiref, 
·~ ,:: C - •:-_, . 1' '. _;, .. ,- .' i'· '_ .. . ·-,. . .. ,-:: ,' .: , .. , . 

,'·." \ , .-~ 

.th.is ia : in. no. sense . ptoved •. J\.t .:l~ast., .. t;'leefJ .. ,o:r. , ... el~.cJt:ro.~ 
/ ': ' .· _'. ' . ' .· . . '," ' . _; ', ,., .,, ·~ i , .•• . ·., . ~- · : .. \· .. • ·.• ·• ! , ' ' ~ ; • , , .. 

- .· ' ·,' . ' '

lyt·ee .. ·.were:.. .:r>r~~~nt •... ~a >.i ·11,e ii.lst111e~:., wa,.ter :u~~.~t '!'£te ~·!Jot.:;. ,,
!• :, . .- ., •• -: ·, • '>•·• ... • •.~• -. < , . :,.. . •• ••;" ,_· : -~ ' •• \,. ' • • •.._ • "0 • ; .,. • ; • • •• :: . 'h:. " •' ;, ~- '> • ,_ •. ; ....... . ' •·

conp.uo,:tivi t/ wa.t.er·; ana · in .no .eas·e. could the ·'electrolytes. 
, •. ,, . , •• ~.. • •• • , ft 

wi-t;hin ~. tlle_, q e~;, bf: . e?t?tu~e.d., 

... . . _ ._· .1.~a.~i1ii ve tran~f~~;· -wi~n · aehan{ ~~&nt~~:1~•~,~«'-:·tb:,·':/;c11fo .. · · 
toxic prind P1E! · .. · R~terll~ce to tp.l)le 5' Shows tnS''t 
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:'RA:Bt,J,~,I:. 

Absorpti.·.on.,,)J?.!·.•,the . ., .. [J¥totox1.•c,,,•.,.pr.~no•.iple····';.fl'om .... '·.1mm11ne ...
· .,•..· ra.bbiit;,2erum..,,witl1 .. :,,:t;l1e. llomolo11oua.:entigeni'.,. ..... 

.' ·i - '·-;•, >··::y.:. .,~ .· ._ ;; /.", ~:·S?·:'. ·.·:/:.-:":J:·.·_,.:.(_-.:,;:.:\\i,,:?~--\i\J .. 1.;,,.\:,::-\',i/i.-t_::.i.-'.r,.:,:.\:,J; ·\,.;·-·/:·:.-~-!.:.\,. t:-j_:- .::; .i-._l;:-~ ,r.-.i~: .. /•:\.:,_/.,:;: :·.:_:;~_- :,(;·_ -.,_:._:.?.\}:,._\ ·r..1._. ;_:•i 

J'revioue adso>.-1rtion . Ser1na dilution 
.·•, \ ,iwith,.;,,t,';,, '.'.',.~ 'L:ltl o:; .J.s260 l. oO l l 00

'!1J:t{Slena.·,_srt\ci.lis:: 
. trnid'eht l fi~d ,,a.J.ga'
number 9 ll

-

*Re·attlts·•·•·,ri~:-ter•·'.·io,:,the·,,deg?'ee./,o1 ·. sedim.entat:fon ;, .. o'b-·r
·eerved-.. maore>so~piettlly.;.a,fte~, on~•:•hou~<·.of1:,ino-ubation\ · 
at·.·, 3 ?0 C:':•"·:.,i , ·; Fop· .1th~":~est ·. •o:. 5 ;ec;·· . of .. the : hon1ologous >eu• ·s;:.~na.· .. :~µsp~HlBi~n:-•\V~tJ<!~~ded,::,:o· ()i5,<Q,c',,,.-;o:F:•t·h~,;;8e.;i;unt.. dilu~, 
·txon <lnd1eated. , 

aa.



the immune, r-a'bbit -,.eerum, -wit11 .. w11ich--th.e .•·- cytotoxiq·.;.px-:b.1 ... . · 
i; . . i\ ' , ' .. i I 1' . : ,,' ! i . . . ' ; . \' ' ', '' > ' •: \,: <; ..· ', •
ciple ie d~inonstr$blt-, .-passively .sensitiiee-~u..1n~~'.:I.ti~~-
<,'..i:. :::,"- ,,,, .. ,·••. ,· , r/;;1:-,•\::: .. -Ii . ,;, .. ;:) :_/<1-:i<d 
to.'. .a protein:,.extr~ot of .. the homologous -orgs,.ni.1un." (gu.ine'-'~-
.. [ ,' ':; i,' '.,' ,:.:-?·, .
pig · numl>tr eaJ· •. 

NI ' ·I t: . -, ...-- , .s: D:tatt~i. 

table 4) will -show. 
!he -metnod,··-of .. d.i$1Jsie evol:ved -·1.n-•-•the-.·.:presen~ .wottk 

will be-desex-tbed.,.1n--some,detai);,-.:-·hQ1>ing,tha.t- it-.ma:v•.•· ·-. ' . . '. ' ' ' .· ' .. ,. ,,':· ;__:,. 
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b~ of· .. uee·.•tcr•·othe:r~.,.wo:rk!ng. wi•tlf .. _,ma.l.1---.amounts----o~:ml:l.~flJ.".ial.. 
Col.la.rs- a~out •·•i,, cm.-.·:in• le~gth-•.we)e. cut. f'r~m- tub~·ng. of.'.'-:· 

11¼ ·••i ·interna·l•·;(lJ.8lllet·et., -· ·lath <end.a. -were tire:-p_o~;ened,·._ 
and one :-end:,·,wae,.,,,~1Jl,ar11edi"''•,·r,fes-t,,:.tubee-•,;·•<>t,,,3.4½-' -to.,,.lJi,,wn~.,., ,ex~. >.

•• ''· '. • ··•. .; . , ,'- ., "· . r . ' ' . • . . .. , • . ·• c .·. . ·, , . • . . ,t •· . ,. . •~ , • , 

ternal di~ettr-:were-next &elected, •. ::, .A,, sheet.,.30 Oln·•••,'•square
,-, __ ·:_· ' ,_ : .. , :,·• . . ·.·: __ --. :· ·fr·_: :· 'i:,.':' ·•

?,f Q.rdinar:y,· --non-moisture, proot- .. ()ellophanef pape:r:•{P~~-·· i

chasable·-.. ·. from ,aJ1y-,ba.kery-.. su:pply ·b.ou~·el•··Wa$ ,mo1stenE!di Y'i•th 

water ~d draped .~v_ .. -.e~ /.t·_ ~.e ~~_et ~~be.· The glass. collar . . 
' . 1·· ·._. ' .• ,, • 

w~e the~. elipp_e.d,:,y~r \he ... tub~ outaidt.of th.e•,.cell.o~~~1:l~•-
tlared end foremost •. the t~be wae; th~n witbdX'awn, .. l.ee:v-ing. 

/., ,< .a • '.• ·_f,, >,• < _,_· ,_.' • -fi, ·. ·.• - .
1
. •· •·· .I· _.,.., . :•-•_:; · ".·-•,,·'_•.,:: \ 

the cellophane .eac u.ndietu.rbed. ine material. to be dia--

*. ··, '...··. .. .. . . ' ......,._ ,.·' ..· ·•·. •···•··· ..•,
Cellophane pat,@r is <:.omi11g 1'f1dely :1.nto . Ufle·it\,S a . semi~ 

'.I)ermea.b1·e membra.ne. · The writer· ts indebted. to Dr. o.K. 
:Downe for fi:ret ca.ll1ngher attention to this. 



.1yaed.··Wa,a·! then···PU.t· !~to;,{:the ;j.s~q., ·a.nd,··~~e,'•neck.\tif:,r t~e ,'.. ·~~be
: ; i1 . ', ; ,: I

wa.e .. reinserted· ·ln ,,tht;:-···1nve;-ted",:r;,0Pi t .lon• ... wh.ere .,:,it ,.servet\ ...• 
• - ·t · , -, . - . . ' ~ . " ;. -, •'. ·.-_- - --~- ~:_.,. --" , . ; ··.,.~ ,: ·. __ . , _. , .- _ :--_;:._;_·•; _ _ ;_. __ -::::_-,. ,~_,, .. . . , •,:, · . .. ' ~ - ... 

~e ··. a. ··tighti-• fft '.op~e~.:•/··,A,,.:large:,gfass>i a~ .of,.~ifttill.ec;t, •. ·\Va.ter, .. · 
. :- . :.. f . . ,: .' ; _· · ·1-- .. ----· • -:' ·-, , ~, •• ~· ...... :, _ .· , --- _: :'.·-:_- - .:-:-_:·:,_.- ·: , -,;;' . ; ',·/_.-:,~---·-·· _ .. ·-:· -..;.- ... -. , . _ _ , _ 

covered <Wi th ••·a h$a.yy .. ·cardboard .cont~1ning a .number of.· 
• - .. ,,. . . ,.·. , . ' , ' ' : .. . , ', , , , . · • .. ,. -,..·, , • • < ' •\·

holes •about·,,.·.twtt cent1me'ber.s .. in d.iarneteri•• eened· as .: the
\ c . " ~- :, ,•, , • ~• "', ,, •, ": ,,: , ' , . • •• ; . . ! , < ': ,<, , :• ,·. .· ,•:-. , ,, -'..,', ',,'• ,.,, ,,,' •, ••,/.. :, \', , •.. . . : ,;', ,•, , "I; I 

' . ' ' .. ··,.· : · , ·. " ··, ·: .·· ·.·.' . ' :·,._ _ ...... ' ·.·•.·., .·; ·.

dialyzing :·_bath;v.,.::,:'1:he ,·:s.acs <:were-. ,be~cl·, '.s:t1a.pended ::iri •.. this-·. 
• . ; . • • • . • . • <. . . C ••• _·_ • ' • j : . • ·. _.. . • . ._ • • - • , ·.• :, _)._.. ! > •' • •• .. . . _- . : ; ! • ' C • • • 

. :07. meane·-. ot ,the'·>li•I> ···.on•.•'.• the:•:..·<.lo·ll.at~<>;,.:-Th'e.,·:Wl10le-,. wa'a3.,_kept
• I • . ' . . ·• ' .; . . • - . • .. . • ; , ' • • . ' " , : . 

. . .·. . . . ',

.. at about• .,5~ .(h >in. a .. ,,..etti•s.erator.:./, and• .. ,tlle.-. -water •:.wa.s'. :.: rep~a.c~d 

~~11J.•.· -oz,> :ottemJr., -:depen~lng i1pori -<the_.,; •numbe~ ··•.Of•<:&.Uch· ··•d.:1a.lyz~ 
ing ·. unite• •·being·,··aocomo,da.t:ed·•·''•f o~-, fiv-e i':daye • ,. •., · Af..tel-disly-. , 
.. .·. . .; , .. . ,--,:·-_ · . .. -. . .. .· ·_ . · . , -." . ... . --

.· eis •.. the <·Sae:•,.'Wt\8-> invjr,\,ed :: $,ll{l. ,tbe :, ~on tents-\all crwecl .. :.to., : .;· . . . :- . .- . ; . . . . . ' . ' ' . . . .
- . . . ' 

.drt.\in: · inte> ,.-the <• tu'be:•,\'"•Be.sides\.•,.the{'..'.<Jonven.~encet - ir~,ptdi.ty,.,... ' ' ' . . ' ' ' ' . ' . 

and ·1a.rge ,,. su.rf~ee".·.•·area.,,.,:-wi'th ·,\,thi e·•··•· ~:r:re,ngem.ent .·. 'the,·,,,,di~lyz~ .

. . ing mate:rie.1,/ i ·s /·vls!ble,",, · 
• I • . . ._ " .. -~- ' • . • 

,7••...... ·a·ono.en'tra.td..on·,>0£;.;.:~he,,:c:y:totoxi·c '.y:r~nci;l?l! . '·:~,• 1 :. ·. It,..

hae lons•·.··•··be.etJ;:·•-.:thought·: .. •.•b!:'••··•!mlllutlOJ.Qgl's •. t .·.~.··· •,'·~hat·•··.:,•·it.'••;<t .~.e::;'.:•~~.1-. ·'

l)odi ea·· ... ··couldJ\·'be: <EJepa-rate<f·•lrota·', tn.et.r,,\\lria.eti'te<· 11e1h.iill:i'ac~•
. ' .• , : . . '.. · .· .· ·. · · -'- . · . ' . ' ' " · .. : .--.. -; · . . ·· . .. • _ ... . ' .·, • J. . i · •.. , 

CoJPpaniment• • •. ,e. ,li•tter . \lnd~~e$t\11~1ng, ·.ot,.,their.,.nl:tture,. ~ould 
·be ~d, as well. as : the .nio~·• eft·e~ttr_, t~e~apeut~cf · 
of· some. The ma.J·ora. ty .. o.t attempts ; 1• .. -this diteetl<>it .. · .. - · 

" • ·-·,;. ,, . • . ·, ' ' · . , .' • . ' ' ,, , . ,'' '

have been .t:owax-4..finding . wit1{·wrU.ch 'Of the. Jerwn;i,rd.tei.ns 
,. . ' ' . ·.. ;_ -. :· .,-.:-, ... -_ .... _,. . .. . . ' . . . . ' ' . ,: ' . . . . . . ,, . ;. : ; . . '

. .

. they are. as:aociated·. 
7 ·, . . . • . ,. ' • • ;- _._.; --~: --

A. eurvey-,.of:,.· tne--litettrtu~e , ahows . . 
~ . ... ~- , . • .• . ., . • • ., '' • • • i . _-_ ·, . . .... . • • ,: ,, ., ' • '

that there . .is .. :gene.ral. agt-eement. tlla~ .the .. a.l'bumi~ .· ~re.titi.o~ 
' ' • • J • ' J ' ' ' ' ., '., ' .', •• '.·· ·' .• :_: '·,- ', -: ' . .... ' " ' : ' :, ~-: "' ; ''

1e. inactive; /put as .1to .the d.fat,:lbut:i :on .b~.twee~ :lµ.siobti~: 
,.. i .. ::,.,, • . , '.· ~,.' :- ~-.• , .. ,. ' ·;-· '.. . • ' ·•-~ ',' i i ; ' ,

lin andpseUdoglobulin, there is .entLre lack ·of agreement, 



Anti'bodies ·•a.,:e>:s.till···.teported·Jo•·~fJ •entitely• .. in'c,the,.,~u-·.· 
e;l ol>ulitt• tra.cti on ,(M\lda.,l9SJ.).;,: ·•~~i.~ely; if!.,. th€}· 1Jseudo-. 

' .... ·. -_-:, .. ·-.. ··,· .. _,·';,.,.··_ . _·._.. .. .. -,· .. ,. __ ·_· ,,.,,:. -,::.·-· ...... ·.,-_. ;( '· '' ·,; __ -:,•,;.•· . .-- . '

globulin•·. (Kal.;U.c.k .a,nd,)taitra.·; 1~:3:!)J .distr.J.b~t~d. ?e.twe.en. 

the· · euglqbuli~j ~nd;c. thEt··•··.ps,udogla"bu.lin,,; (E~ndriok.,.,ruul-. l:ahn: 
,; . : . . . • ,' ·.,;, · , . · " · · .. ; . , · •·_ . '·• ·•: '·, ._· _.·, '. . '' :· . ." ', >, . • . '. • , . • · · . •·., · . 't, ·, : .. _ :··:- '. ( ', ' •j , :· · · . ' ' ·.:' .· ,•·: -,, 'w ·" 

;,~ti t,.··o~• ,erT1',,eome~1me~,,1n .,u~to~i~n Ia;one• ~4, eomettmej 
in 'both,eugi9oulin·.,e¥nd•p~eudoglol)ul.!~·':.(.Tal.•1a~erro, ..... J.952);, . 

. ' - • __ -, - - _,-. -\ - - ·_ ·-· .. , __ - -_ ':· '::: ·, ; . ; . . ·_, _, I . .· •.. . , i , ... , .. '·.. :·· I!. -.... , . ' ·'·:· ·. . ·... -~ ,· ·_.

or. f :lnally ,/ in, :neithe;r,.euglabul.-in,"no~; • pse.udogl.obu.:t:.tn ..
... . .; ' . . .·. . .... < ' .~ .·-.· ,' .·.. : .·..- \ . . . . ' ·, .. ·. ··. ': :. '·.-. '· _,'',· ..... ..'' .. : ....,_:· .··1· : -., .. ~. ,.,.., .•, , '. '

_( ~e; ton· •.•l.~~8}.· ,:,.·Wh~,; toll owing :pt\r~graphs :,,,are.,d.:es.ign~~· 
to: thow in. ,pa.rt,1.,why,i,thifi-,,con:tu11on.Qt>:thought... exiat11,. . ·• · .. , ; .. · -,: . . ·. . .' '··· .,- ,.,... ,'· ··. ' , · .. .. ,· .

·Serum._,,pro~eins.:ro~n,.,,be/ ;qui:te,~s~t.1si-a.e,to~11y.\stpare.ted 
•., ' . . ·, · ..:' ., . \,:. ,: ' . :.. . ..:·. ,,-, •, . . . ·' .•' ·. ·. ..: \ .•:_' ... _: . ·'

. . . . 

into an·.•,albUlllin· •lra.otipn, and,va. ·:'g1o'bul~n,,rf,,ra.ction-, ,,,:·•'?he,
·• ' .. ·.··,.' . ·_f·.·. _·. :. ·" ' . ' ·' ..,•... ,. '. .i ·, ·,· •'· ,."' .. ,.

metho4>oommon1y•,use,i,.to ... ,b~ing;:,thte.- .. a.'bou~ .. :1e,, 1.onejlllhal.t,
i· . ' . ., . '• .· ·" .. ' .. -..•. ,:. :: . . . ' . ·: .• . Ii ; . ~; . -:- .. '~--.... · . ,·,.-. ,. ;. .-.. . ·. : .,...... .. .:: . .. ·.,: , -... . i ·,. . ' •

~a ,urati on ·,w1th:; ·a.tamonium· ·.su.lfa.te .•. , ,,,.,~;pon :,add:!. ng:'.~? equ~1.:: :. 
volume • ot .···a.:·e~tur~tfld>FJOl.ution ... -of··•ammon:twn. s.~t,a.-t~, .to 
the .. s~unnn•·•i'qr,.. ,se11ut1:1•- 0~,1ution···and,"•,.al,~ow!ng,.tbe-mixture,. 

' . . .. ,· ' ·. ,. "_., ·. ,:· ,·" •. ,...... >'·. ·-.

. . . . . ' 

' '

settles .. out .... _·G.'ltf.s .·preci.pi~ate.-.,~.a•~ft~1.e:,,:,slq:i,ut~fl•i ..£ra.otion. 

ltf~b~aJ..~~r:.P·.~~~l ••ha,S.yP~,e:8~~~ec1. .... ~o,e .~mportant . 
).",·'/ : 

oonsidera.tiona;, regitrdtng.,, tht ,·_theory:, ,ot .}teal'ting ... out,, .. 
•. . . . ' ',t.· ·. ·t .' .... ... •·•t •j.,•. • '. ,I,- ,· '•.. · t. ', · ft' ,. ·, · ' ' • ' . · · < · • ·, _ .\ ,·,

which. ·.:ltr;, the ·term .. co,ron1onl.y. :applle~·•.•.•to.:~he .. precipi~~t~.on 
: ", .' .,: . . ·,., ... :' ·;. _' .;;•·,·, .. · .. ·,.•. '. '~/ .··.,,.,·• ':i't ·' j, ' • -_'~ •i. -· ·. ·,: ·,_ •: :· : ; ,. : .. ,(__ ·. ·.. '_ l ': ~- ; · '·.; · ·T' ·., ... ; .. ·; ··: I._,.', _ _'> , I •.: • ·, ,·- .. _i.,; . , 1.,., .-·'.,·. ·-.. .. . ·: ·.'. -,.. ,: : • .,; 

of proteins .and ... otber.· ,colloids by. .. a~lt·~:.1:i- .'1'be .. abll~-ty ... 
•' .; • •:, • '·'" ·, ~,, . ·.. ' ,, ;: . . ,··. ' ' '. .• ..,, ' .,: . .... . .,;,. '.. '. : ··. ,.,· . -: '.: \ '; ':. t, ' "; .;·.. ' · . ::,i-- :--:'· - '.·' ·:. =.' ,'. ·.•. .• ·.· . ,, ••

of. a.· colloid to:be,,salted. o.uti,depends,fiiat. of.t\ll.upon 
,· ,· -~· I, ··;'' : ;\ ,,t ' ~,I '·, ,.. ,'.. •• . : '. .,; ' ·,_ ·.•~. , ·•( .._'·-:,' .. ", ·• >·~

' .the degr~e . ·~f di.apersi on. · The mctl'e.: .finely .. di_a'tri'Quted. 
r '..aj ~· ; ., ·, • •· ·.'• • ,f I ,_ . . \ , I . . ' , " '
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n.eceasct,r:r:<::;o;.t1ept3'.Tsrte··•.·i.t.:.out•·,ot;·,·SOliutio.h~i .. ·.:.-.rhe,.acti,on.·.·. 
:,· l 'j~ ... , '~ . • ·, .· >'

,;·: .. ·· '. ····... .· ..: ...: : .. :,.'· .

_of ···the ... sa;tt :·.•detiehd.s:-,,at,.-1,eas~ ..,J!}a:ct],.y.·up~l'lide.hydr~,tiofi.-, . 
.. ·r:/··~··:<_. · , ... ·-• ••·.:·:'.·-: - ;,.-: '.1/-,·:··,_-·.::.,· •. ii,:';, 11

:;;" ---.· · / ·::_-,·,,:·-· .. '-,;·• .. :::-;·_<:.·::_:···r;/:.":Y;·'.:'.·:··_.::•;\·.-·: .. ··,::_,..··:··_:·:· ~-,_:._-__ .<-:·; . .'.-, ;,.~ 1>,/\:~·_':._::;·--·· 

i • e. , . upon .. -the · v,{thdrawaJ..,. .. of\. tlie.·:.-mera,.ns, ,of .. aolut•fotri ·> ·

··~lli oh .. ;;. \~ii,~:~'ii'}.,,::,\,~~;·•· ~~~~'.;.ti~:fi.. c.f :f~1:;t1:J.·. ,;ro-+•·• 
•;·•::.·•:\_,i.; :,,.,,,_ .-: : ... ,>-',·:, .·: '.'i' ··>--: '\ .~·;·'.:-: .,:,··:.\" . . \:··/,·· t•. :, .:·' ··./••.·.,,.:".::'_:',,: ,;:·,·.·:·,__, • . :

t ei n .. .•. 1e,: ·. tl1e , great er, ... i&,·-1-t~,, surf .. oe.,, and. <' othe1\·.,t:n4nga .. 
:'·· ../· · : ·; •. ·,... ···-\ . ' ·~ . •.· ,.. ·.»·. . . .· • •. , . ; ,>, ·••.··., ... i, • . •' ,. . ,". i " '.- . ' • ' .····' ·, ,"- . i 

' . . '

being · equaa:. ··• its .. ,.surface ·energ~••·with .. /v1hi.ch.i,t .. binde• ... 
\ ' ( .,. ·; . . ·._,_\'_>:'·. .<_i~ ' , ·,: ·'., ;, ~-· . ~-' ''·,_,;' ' . \-': .. __ :,·· '.:';·--;.· _:: __ ',1., ·'·:.·-;,•.-,._

water to·.itiselt; -tb.ere£'o·reJe:the·•.11l(}l:•e•.(Uiffacul.t,it· ilS· 
·;,_.! l . '\ .i: .: ·._.)f ..

to ·withd:ra.w-· .water.,t~om· ·•it1.,;,,.,i7.t le ,·.•i-nl1erent,,,. J.n. the-J1ol-· 

lo.id.al· -~olut~i.on· ... th::;1,:t·,t11e -si.ze.-of· .. the-dispersed, ;pa.rtic<le11. 
' ' ·. i. \ ' ' . . / • . . . . -: \ ' ' • . . . ' • . ' . ; ' '· .• · 

,.·,-,·.'•·,' 

linu.t·s · i's- oonstantly.,cbal'l.g:i/1,'g .. , ... ,.,,J:t is, there:f9;re ve~y- .· 
' l . ' ; ' ·• , I '•;··•· ' .· ,.' '. • • . ' c ·,; .1:· . •" , ·. • . •"~ >. :;.,

'probab_le .. :,to a.ssume•.that <in, a-,·solu~io~ conai,s.tif1:B:· of, ,a

mixture •·· of·,:·:gl-0buli.n ,an~•·•,albtm1ini,.,,.·e.t,s the, mome.. nt,: ot-, .. act~,.
' ' ;- ' ' .1 , . 

dition of,,t·he ,salt •.tbere,,,are.·:p:rea'el'lt -globu.li'n pa.rt:LclefJ 
, ' I 'I '· ' ; • J ; ••·< .," f ~-

' . . . . . . . . . . ·. . ' .

1n_ox-e ·· .. finely_.. d:tspersed;:>,than<>the,·avere.ge -t.-l.nd-·a.lao· alb~ip.-· •· 

pa,rticle11J .... ··\Vi•th··>a... ,J.e.,3'f:1·er···ideg)tee ,,of'-i·di-sperston:·,:th~nrtl1eit,,.·.-,.·,:·~-!~ .. '· :.. ,, .. , _· : ,, .: '( .. i; .' .:,":,•,-~--~·-.

from ••ithe. eal t conoentrerti·on neoeeta:ry .. to ,etrect.prec1:pi• 
i, • C• '- > , ,.'-; . , ' '.', ; . / . . : , ' . ; .• ·,,.: • l, / . . , ' .. .;,_' • : . ,.•' • ! / . .. ···;- j'· ;_~ '. C; .- : " . ·,.. . ,\ 

ta.ti on · is one concerning. the'. deg~ee. of die:p.er.sion. 
' ,,l \ •· • •.. - .. ;<~ ',~>-,,i1'·,:·; f .'\' •.~.:~ ;;,•.·· . '!'' '• 

· Thus, .. it' is.·· clear .. tnat. the .aibwnin .a.nd .. globulln. 
•,, ; . '.: .'· ;' . .-,, .. :., •t "•. , "':: •.-, .·, _,.,- .<i· : ? . I ' •,~· ::,,, ,; .:.. .·.. ·/ •.... I,

11';_.: . , ' ,,-._. c •::( '-i.•/ .~ \ , ; .... · •. ,• ,' ~i· i·; :_ '. :.'i•' , <' . •: ,,--; ... ,_.,'. .. ;_ '.:;: :,•,.,, .,:, ...:, ·, >

·r raotions. obtained ,.by :one.-mLlf ea.tu.ration· with e.mmonlwn 
.. • \ .. ! /; . / · .• , ~-: .-, .. -.. ' ..... ·_ 1·.: . ., .. • 

,·. ; ', .·' !\ ,.. t .. · ' . . ': . , ..··· .--·., ,· '

sul.ta·te are' .. never to b·e .. conaiderid . ~ompletely free ... each 
. ., .., ;. . ' ','

' .'. :. '
> ," . •• 

from tbe othei-. · ,~wev,~r.,. t~he ee~jf't'tiort.'~ere :ts. sutfi• 

ciently_ d.ietlnct ·;ftl.+" .. ·:P~et,ijtioal .. :i;>u.rpo~~s.

1tauaer1 s pti.bl1ca.t1on in 1aatr ·ot ·. the Etinmoni'Ulll su.1.-. 



·ra.,te ••.·fl,'-a.()tiona'tion:.me;thod<'"NOt'ked.·,,tQUt::•bYRo:fllH~i-s.ter ,forzr;e. 
,·· ··:· ·.-,' ;· ·. · .. ,. . •,· . ; ;.·.·, .• ,· '. ''. ··,' ·,,, . ', ·, ·. · .. ' ' .' _" . 

dtal'.111 is of. t~e} f~a~t;'ob ~~~ili:i.pJ.t.~{,id · ~t\ 'ihie .. ~al:t' aat-
.,~ie ti on •· -~i'th . ~~f!W1oni'iun , stiJ.ftt. t(f .t}\111;, ,. only 1 ~- sm~~ll- part 

• •·. ·,.\ ·.'.·•,c. ,_, .• --·; ·" . . -~

. •· '· .

of the. globulinwa~&•·insolubl,~ in{distJlled 1t1a.-t·er. Hot~-
_,-· __ .. .· [ /. : .• -. ·,' ' ··,, .. ' ·,;_ ...... ! ,· ..... _, ,,_-_··. ·· ... ' ' 

meisteri•~pplJ .. ~cl-,.-tne,}term:,.;etig'iol?uti.n•tQ.,..,the:•'po.ftion· .. Wh,i.Ch• 
• _· 1· • . ' • • ' ' • • . •. • ' .

~emained-.. •in~ol.ttbl~ .. :.u:pon .\.<.t'.fel;yal~ ·,>.and- .~ o: ·the·. · wa t er.-sol"', 
'. -, -.-_ • ' . ' : •· _-_-__ . : .•. ·_; J •. · ,.~ • - .,. · ___ .; •: • ' . ; . ' • ·,. :' • :. . i,' . ' ; .··. ;. . -.... :, .; '- . : /'. ', ·:. .·l ·,:: ,._: .: . ' . ·_ .· ., .'. _; ·. _, . ,,_ 

ttble. . P.• ·orti.01i: .. ·be.;·-··ttppii·~d(. .. tht!:-.t~m.1•. pse.tid<>globulin. ,· .. ··.:Th. ~s-
. ' ·.·;' ., ·, \ · ... '' ',. ', ... ,, ,' ,· . •, .·. ' '' ·. "·, . ' ' '

by a .. on:refU:l·· ele~t~od..t~l.y~:L$5:,of,.~.erl#a .. , ... th.e,.1Jrogresil 

of ¥~hi ch Wat? .ti;o1rt1~0J.J.e~{-by,:.'.~·1e<ft~ioe;l •·COnclti'ativi.ty. de• 

t·ermirt~~~·-.?n~t·.itha,t/·• .. •·ev,eni,,thev,:p~e~d·.ogtobl.~1.in •. •])l'8VJ.(l~SJ.y., 

CO neld e~ed ,, wat e1·-s-ol llble . ·$.01me.11y ·•· :rel):resents: ,a, v1at e-r-. ·' 1
-. : .·. •.· • ' ,; ,, · ... : .' ·.: '.·,' .·' '.·. : i.. 'i i : ,' : ; ' ,. ' ' ·,· ·,.. \': ·-. '.· ' :. ' ' '. '. '.· ':.' • ' ' ' -~• 

ineolubl·e·-'gl.obulin•,:neJ<li-:in'··80·lution··by:a,resi,du'.a,l,ealt 
' ' :·. ' .. '. i > ·,· .. ; ." ,-' . ', ' . ·.' . '.. ,. ;, ' . . ' '

th?:1,t .haa.·not.-;be~n,·,;emov~d~•'. ... -c,:f .. •a,_ll,:sa,1.t\~:ts l"emoved.elec--

trica.lly, so···'·:th.~1·b'.;'.the•,,•>S:erum1"·'a!)r,:ro~ch;.;s,;;,,the"'•~fJndi~o-tiv.i.t3r.

of the-;pµreet yia~er,,,:.a :eomple'tely glo;ln:t~ln.-fie.~ albumin 

soltition results • 
• 11' , , "-:,·-. 

' ' •• "·... .- .. ·: ,> ,·,

aulfa.t.e· h~i? .. 'teen .. c~n~i~ere,d_ .. to.· :preoip.5-.~tte_.· JhfJi eug:t_cfbu.:lir1, 
and .. thii1 .a.~awn11t.ion has .. been .. ; ~mIJloyed .. _ .. in. ?hue~ of ...... the 

) ... ,, • ; .... , ·c;. • ' - ·. ' < ·' : ;..: ' ·"'· ,••

work upon, 6~lmn1 fraction$,t:ton •. ,I(lobu.tii tzky (1931}. . ' ·.-·,. '. ,· ;_, ',;, ·~ 

however·. h;tf( GhOJVU .that l~t :la, Jin'tit.el:v tnqo:rrect to 
., '(''. .,, : :1 ' ,,. ; .•. : •. ' ·~-- ' ..... ~- ;_, i·-' ,; . . ' . i.. ',.:· ' ' :..:· : ·:: .' ,,.-,,>· :, (f :--,: :•,ti:\~; :' /.•.,:-:,, ::: ... ·· ·)' ~:: '.'_', .:· : ·, ?" J-> ).:~·· <· ·;

OEJ.rry out the separation of the glo.f~tlina int<>· ·f)uglobulin 



and pseudoglobuliri on, the 'basie of,\-oriiiun sulta.te 

ooncentra·tion. · !hQ. ·Jo~~ce ,;.()f;,.. er:r·or:i.nienti,~ned.-.·tibo~e, ··· 

:1.n·· rega~tt·' <to,. the '•sep~rat:tdn' .:o:r :~~o.tu~·1n. -~r~~: aJ.llt¥b~ri 
ie , present· to;··a.• '!al'•·•;ftreater"degre·e,ln,:~he '.f~act1on~tion 

'~r·1,the,··:g1olmllnij;.·~_o~, globuliri''l'if 3. ..... ·ft¾.r>·more-+aplle 
p;-otein ·• than-- a.ibum:i.n,···•a.rid.S, the ... :a;·ze>of-.. the.i.dis1,era_ed 

p~rticleS·>iB•,:mucli,.more,.,v~riable.:·.,_,:·11.gure:6 .ie_-'.•:a~:,:,,.attempt,
' . 

to· illustrate, Xiol>usi.tzkyt sf (l.931.}•.viewa:.} clia,gtttrmna ti .. · 

c.ally. ·:Pto'ba.bl.y.' the/best-·-evidetlce we,ha.v-e-. fort,the: .~x-- . 

ietence · at· twoidisti'i1ct·'•P:PO'.teins:'ip: ... the·, glopulin-fra.otion 

1is that · ot •:ioftibilitY~) since; .. a.ol:u.b1'1:i:-ty., :t~i a.· .very. .. cha .. r• 
acter!etio: Ptoverty,.,o:f·.cherntcal--,.c.ompou.nda.,.\:.Further- · 

subdivi:Biona·, o{ . .sthe .:g10:0uli~1a,·a_re>p:r:obabJ..y. not · justi•

f~ied· with. 'pretient ·k.nowl.edge.: . 

. Xl?busitzkyt,e.-. _(,1931). ,cfbJ e·ction,.·doet3,·not .a,p:plY:•··:to 

the fra.ct.:loria.tion· .,Qf\- ,=the,·1g1obulin.:of.:,-1mnn.1ntl · s er'lun. by,.

salting> out :when···th!s,··'·f S' found,·'.• a,.. u.sefu.1,.~.meanav,of:,,.•~on~ 

oentration ·of- antibody,,, but.-merely: to,'c:the, 1<.tt>tisidera.tion 
,·, .- ' .. :.·; ,; ' . ·-,.,'"' .., .'. . ,- __ .. ,·. ' .. . "

of t~~. fraoti om.1. ob~~~:necL at;> .· ind!1Je~~e·nt: globulins. 

lt mereJ.y happens that:. the .. ·a:ntibod.ies may 'be :a:1:iaocia.ted 
(. ,_ ... : -•. ' '·'•. ',.- f.'· . _, ~- )· -~ ' .. ' -

with' globul.;rt particles· of a' d¢!fni.te .. sia:e • .;lie\ i?lfdi~t.• .,,, 
• •• \,' ·•:,;:, .,.,,, t .. ~- ·.' .. ,.. ... .• ~-., --~ 

-~l)~':t · ~·· tr~~~i,~~ori .. Clf __ .gi9~ul_i~•·1-P.tt1'al!Jµtn~n 9~_\r}c'e ,'verea. 
does not occur. In· .. immmd.zation and.,o'ther,.conditions .. 

•• -f, ' ...., ·. •·," i :·, .. ,~: -· 

where •·an .-in.creaae.in.globu~in•· .. t.s.kefl.!»la:~.e.·at.the:.expense. 
. - ·. •. -- '_:_ _, :'. ,.,, - '~_ -~; . ..,_.·-·••·j: :}·- \· .: ' d : .. ,, ~. -... ~•---: 

of· ·the albumin, there. ha's. be;en 'no•·· onen1ical' t:ranaf or.ma• 
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·ti.on~ : but-i.•mer-elya:.cna.nge . . 1n. the ,:,deg~ee.. of, 4:1.spera.i.on. •. 
_l : : ; ·1 ( ·:{ .. · . l _; 1' ·; r- ·; ~- ;· ~- ·; ·: ~ ·f·-~ ~,~_ • . :•

1
1·:· : -·: ~·! .~., ~ 

'l'hie .. question: :baa •.~ee.ently.,/been·,-.'t-a~:sed,,.anew~:;:• ··Jrtsche~,,.·, 
·\.L-:-;; : .; ·, ;; : , !,: .;>:: :,:,<, . , . ,:.i .. ;:1,,,·:.r<:.';::):r·::,:;:;\ ;;.' : , : . . ··..<: ·; , ,: ·. J .,,
('193~) -euggeste : that<- :thi3 ,.gl··obu.l.i.na,:.::or. eeri~ ·are ... merely. 

\ : i, ; :., : ', • '!!' ' · '.:; C ; J I: .), <1.': ;• '.;: . ·. · .• : ',f;.,•;<),·, ,· : .) •: :. •(c:t:> ·. ;,•. • 
a.lbumin~hepaiin .compounds, .. )as1ng, .hie· ·opinion-•U.:pon . .- the · 
, f~_; 'f. , : : ; . -~( ,'";, i1•• ·•; :;· ,') ( \;. :<-. -·· , -"'; - ~,·-, -- -... -: ·\ ··,:\{;\•:t ;\ i'_~-\:·i·,.. ·-~-. ·._.: ;, :' i· ,:-.:- _~ ... . ,t'. \ ._·t'.

tact ·tlla/t•-- ·the ,-acld1tlon;•,•·O;r,. :hepa~in - t.if .. ,c:rude,.....eerµm.•,:albu-. , . 
.. • ~·• .. . \; ~• , j'; , : • ~; w\l_ -_ ; I •• ~: •-:• ·.• :•·:,~C.:•• ·• ,~;_ ,..~ t ~ ·•!,l. , ,.;~_ ;· ~ . ~-,• ~•: ... _. :~~-•~·! \ ,: ·H 

min caused··:·the ,prt1cipi,tation . .,,,of '.a,,..substance .. whi.c~,·l)OS411-.. ·. 
~ :-~ I : ·-t ~: .. ' : /: ' ~: ;' ~-:. -~-~· _-:""-\ .~j t! ·-- .~_;, ! ! '.: <" r;~:..,: r : :._; ·~--- -l ~\ ,,~~·-:/ ',.· .' . . ' . . t . . . 

s:es11ed physi r:a.i,:char~Q,1;e~i,at1CSt (:s9lt1l>,ili.ty., ·<P.recipi-. .• . 

tati on ·•. by,·,sal·te, ., .. •etc·,•l :• of< .~l.obul:tn:, .•.. ,therefore· ... •.Just .. . •be .. 
• ... , . , . ' ~- ', ""', I . -_ - ,· • , . . ' , , , ' _f ., • • -~ ., ', ; ;

glo'bul.in,. ,. ,,. -Although,,,·J•is.eher-ts,.,.{~93~:l,·•ol>serva-tions ...·"have,,.

-·been ---;eriri'ea ,:f---other~(1'oo~er',•8nt1'oyd.•·•tti2.;•: • ~rie·-. . . 
and fto~e ---~9si)~ t~e~e -p;eaent,--~d~~:1;io~~~t~ Whi:c~ -

' - - . ' .. " . '. , .- _. -- - -- • - - • , . , i : t .' .·• I - • ; , ' ; • , , , , • • ·, -

i.nva.11 da. te <his-•: Qoncluaion.s·.:, :··•ltooker,. :and. :Boyd.-(l.932 ) .. ; ;_ 
·• · • ,., · • I, ' • .• _• , .. · ·: -,.:.:. , , ,_r , • . . ,_· :-. _:- '•'. • • 

·found ·tna•t ,l?ieeherts '.;re$ulte.•,~~u.ltl•:}~Ot ,..'.be,,,obte,,1n.ed-·. ~ith 

purified:::oryst~il lne ,,,eennn<- a.llbumin·~\.\:;,:,Jloreover-","'~·:!~&s.tin;• 
• . • f . • . . . ' -· _- _ , , .· •:: • , · ·, ; , >: > ' • •, •r: > \ . • -, .• I •• • ,• • • • • • • ,._ 

)'1aohe:r:•'e ,hypothesis-;· w:L:tll-·;·the •, )llOJ:"& ·delicate :a.~d ··spec1:r·1c 
. •. , ... >,. ·., , " , ', · . : . • '. ' '. \" l ' : l , . • . . -_ ..· . • .: : , . : :', , "_ , .·- ~ \ .. : .:_: , .-:: , , : , . . •

T , • • • •. ·. ·- - _,- \_ _; • : • :· ':- : _, , , : ,,, , ", ,•: ,

methode ·.·,of}c:,.tnunun1ilo:gy-.i ,:,>tb;ese·c:,.autho11s,,:; to~d---.:that,i-.ith-e .

-albumin_-.he;:,..£n -_c.om~ouna.',,otb,l'illehe;_:",u1.;i;, l'e;~t~~ _,to
': ·, ,~ \ . 

_: the sa;me . deg:r:e.e ,.a,p .. albumin· .. with .. an,,anti••8'lbwnin, :serum • . 
, : , ," ;'. • -- -' · ; . • • "f •l · · ' ; .;._ .. •• , ~:, . ,:. '. - • :· : ,'i I 

' , 

Other conaiderations which. are :.of. interest in con~,
( "- .• ' • •·, • ,. , :'I '\ ·'.·• ,. • - ,- ,• :· {_ . .'_ /" . .. • • ~ --, -~- - - ;,' . , ' ' . , , ., ' ~ , •. I . ,;. ·, "I . - ·- •' , · · I 

nect1on wi th..serum . trac,tionation. w1·11 .be -mentioned . b~t~fly. 
lJtM~~it~ ~~-,-~e~J~: :~~a ~rdi;_ .• -~i~h --•-· . _. 

• ... .. ,; • . ,: · -· ' ~- ' t·• - , --~ ,. - . ' <' , f ... _ - ·, . : . : . ·~ - ·-- ··1-- --. · . ~ .-,. -',_: .:~_ -; , ,-~- (.', ; . ' 

such variations in· metho.de.<a.a : nave,. bee_n employed • .. itlo'bu~ 
• . . ,, ' \. .:_". :.·. -~. _·,_ .,,, ..... :.··\_·,.· .. ;'<_, ;_::··: ·· .··' t ~. _.-'- ···;,- • ; · - . ..\·' . ··: ·<:\ .·.:··,· ·_·,

· .eitzky (1931) :po1nt11 ~ut that . resultil. with .. anunonium. 
' • \ ·. ·~ ' ,, . ., . . . . ~- . t • ., .. ' .. .. " ' . .. ·: - : ' ~- - ., . ' .. ., • . \ 

.eulta.te precipitation can not be considered comparable 



unless .oonsideration••·•.ha.a·.••· beett·····given- to· t11e. method> of .. 
~1:'eIJa.ration :·Of the .. a.mmon:Luni..,.eul.fa.te solution,.;, .· .. 'J!he.-.satu.~ 

ration muet "be · done .at.•.r<>om ·tempera:tu.re:,•··••for}an..,a.cid 
solut1 cr,n . res.ults -trom.,.d:l..rd,ntegrt:ttlon. of the ammonium 
sulfate When, this·.is heated.,. 

Hea.ting, .. of, serunk;itr:weJ..l lmowxL- .. t.o. -a1.tgment,... th.e,··.globu....

lin tractlon ···•·at- tthe? e~pens ,.,\,of ... --the.,.:a-lb~~ir.• .fra~ t+ ,-,.11•,·:.· and ..

to augment··tne euglobul11l•••at, ,the .. ex1Jense of,, th.e.ps.eudo~. 
. : ,:··, .,

g~obuli~. 
I 'l

!rhere,is. totnereviden.cet-that. the anima.l 1;>roduoing 

the antiserum ,:i.s 1 a;.•r•,fa.c.tott,··•· 

'rbe··• .degree. e>'t•··•···dilut10n,,.·,WJp:Loyed-· is., refl.pe>risible, 
' : , r ·, , • ; ,. ' 

to no· .~mall: e:,ctent•i;•1•n•::.j;he . .c,eompasi,t1o.n.' .. :,of\,·,.the·,,reault,infi,
) '• j ., ·; ,,:, ,.·_.: {,\';_. __ ,, j 1 ;- ,,.\-;··-J···, 

precipitate.·,,. •Jtallzh;f:, a.ncl, (Ji/bse;n·:·(-l.~08-J 09·).;,.,iit.~te ..·. ,that
·,, ,· - ·;, · · - · f.'. ,:, • .. · " , ; ~- -~- , ; -,::·'. ,;! ; '.• ; .~\ ' •. .,_ • ., _i:1 ; ; : ·. \ .- - · 

at ·. di l u ti one,.,(}f .. >horse;., •P.lasma.,: ·in,, .the \ :precipi-t~ted., m1:x•, 
,; <- -., , ,_ ', _, I • • ,.' 8''-',; .. -·-. ,, .,. ,· ' , .. ; ' : .\' . ",. 

tur.es .. · ot· ·t11·•.5.,,,l.:f>i••:a..nd ·.).J io··· tht•··•· a.mmon.tum,·.sul.fa.tie.· ··•eu-
' I• 1 . t f ' . , , ' , J,. . _/ • I i j ,' \, ' "1 '. '. s ; : . f f', • ~. ,' i, ,' l 

globul,in" .. frac~ioni•·,amounted•',t\'to•!·'1e/b,~,.ut:;1~1q-,;,,,,to·1•,·-70,t-,, -2Q,<·io-··
: . ': :••_' ; '. / __ 1_ • ·1 •· ' , . , -.,. •1 ' -,,: ··, ·; ~- ' /. :., ! ' : \ '.-- ' : ; 'I:·

24, and· .10 >to, 15 l)ercent,.,.,:,.·.reepeetively: .•. ,: oJ,the. total, 
• • • · · · · ·t - · i , · , ; · •, 1 • f · • · · • t, : . ·/ · .. · r ;..":, :.·

1
· •

. serwn globulin.inboth·no:rma1,tm.d.d1phtb.er1aiantitoxtn 
•.~~-·.'·:"'': \Oj <, ) (' 'r' •.'?·_J'; ••.-1,:,· ., ;,- .. ·•,;,·?·:1·,,_•,;' ~ J•,·-," f. ·~• ·• • ~;1',>•-·, ) r=~-, " 

_rplasma .• : .'this behavior of euglol>u.lin resu.lt~L in, an. in.•
• • • .- ; • • • · , 1 ·i, ;··_ ;_ ', . <; •· •· :.', •< ; •·· · ;:-' -__,:. I •-; t J._· . , - •• ,, . • -.: : • • •-. ., • ,' .'' ; '- •· --~ i · ': , ,.: ,,.,_ , ' .. ' ' 

creasingly: ,c11mini~hing .~01;111.it. oi: ':pre,cipit.$t~ when ... :the 
'J.,.-' .,;_. ' '•· -~' · -.• 11-/ , :!, ••l c:. ,-.. \, ,~ \II '_' : ,, 1

euglobulin .. •is .we.f:lhed, .or _,r.epre9ipitated. (s~e,irilllp'.l,,ers
;~_•-·.\_.,;~· .. ,.,,,. ••~;• \ "••;·'·· :·' •' V ,.._r,-."•'._',:, ,.,, I_,•' •~·• • ,& .. - • ·•••, '1,c ' '! • 

3• 5,. ?,. e.nd· 10 of.>table. 4). 
\ I • . • •r '~ ' • • I ' ''.' I j' • i. ,< 

.Xn eumma;ry ·of the above .d:iS.<1u1af.iion, it may,; ..be · said 
,''1 :~·:,, -~ ~-•.,~' , ,~,·:--/:_"""; i :~·:.•; ~;Y·.·"(~.'1../'r,. 



~,nd euglobulin.• ;•·:Ari'ti'bodler.r,are'no.t•.; .. found:\vith···•·the-a.l• . . 

bumin· fraction •. · .. <·A.tt.eni:pt~'-,:t:o,0iden~!/fy·. t~etn:i.with. ,one. 
or ... the1

••·.• o·the:tt: gl'obu.1.in ,<:·fre .. o~lon;:._h~v~;.,b,eexr-... ·legi ofr.i,·.. a.nd\. 
:.· ·,' •; •• : ':.. '. :·': 'i ', ·,,:'. '·. :.· •.' \""-:.·:•··. _-:_ ', 'y '.'-:· :,,·-. (·,·. :' '·, ,',<' ', .. :· -· ·_ .. ' ;·_ t ': '•/: ' ( .·"''' ' _-. \ ,, • .·

· the, resu.lts,,tconf.I!•~·t:LngJ\,.:-.,•~erie;.·ttlH'fi .eb.ietii•·•Of< lnt e:reet. 
' ' .. ' I,·.· ~; '. •.. , __ ·_ .'· i,' ·.' •, •- ...

'.·:. • : _._: ·- : ' . ·_ .. ·. ·c .. ·• ' ·-' . - .. .'' :·- : . -.. ,_ .. '. , _·., . : ·_ : .... , a . : • : . ·._ _·p '. .... '; 

tc>' ·the exlent 1:--tl1.,t1,t•,thez,\. h~vei,;re.sul'.ted •·111 .. ·•:a·..•mean.s .of'.
; . , . , 

'· · ... .' ,· .. :_ -; _ .... ' . ; 

c one en_t r~ .. t_i_onS·: of: : a.ntibody.'. 

the -res~l·?~';,c.,t,:•e.n ··ttttexnp~,,:;to•.,(roncen~:rate:.'""the, ,.cyt~-
toxic·. p:rinelpl.e,,.in,"antJ:• ... ;eu.gJ.ena.>'>l:a'bblt·: ser.um,' ar:et-shown.,

·: - .-- . ; ' ·, ·- ,' ·, .,_· ,. -. :· '· · . :';.. \ ' ·.· . - l . -. · .- . ·, '. ; -- . ' -·- '- - ' . - ,· · . . -. . ' -• .. •... . ' •.. : ·_. . I ... ,

·:i..~.- tabl.e::<4:•.•}/:tn.,:.:p.r~~'.U,:call·Y:, every,,.,,ca.s,f,,th:re.e:. ee;-µm, ,t~a.c--
. ti ons>were\ :ob't.J.i.nea: .• ,,;·,,,·.Whe 1;,.det1-igna/f;ion< of.\ -these>.~..a . eu•, 

~' ' . / .. ; ' ·., :, ·,_ > _; .... , . .'.. .'. ·,... .. . .... ,' .: :: .: .. ·.;. • .' ... ·... . •· _· --. .,-_ .· ,;! ·, .·._ . ,'';.. . ._'.: '._.,·', ., . .

glo.bulin•·:•i··:pseudo#flo'.bullr,,,.}· a,n.c{, ..·.•alburn1n ... ,1s ... merely;;f·olt··.•····. 
, ., . . . .. ,·· (· .:,,' _· . ·,. . .· '·· ·. , .· -.:,• . '',. , -,.-·.' '

. .,. ··. '· :- .. . ·•·· .- '

·,tonven~enc:e .•. ,>110., impli9&1tti9n'.·b,intr:,lntend:edL.as.,to"_t~-ei.~ 

~a.tur.e_ . ., 1·.·.··:·1»a._oh:'.ser~./·t3,..;a,c.tion;aftelt.· .. dittltai$·.·,w~;s, )made, . , 

up. to the ,orJ .. e;-tinal· vo~ume.:-Qf ,.-.the<•eerl'.un:•··with'· 0 •.9.,~<$.,sodium·.
i.:_:, ,- .--.-',\:. ,.. ,·:_'·,-- -· .-·1:;-i'./: __ ··_c.·_·, .. ·,:·\(-: .,·/,.:,:,./ ,(:,·!

·•·chl·o:ride·•·V&olu..tlon.·,:'1·"~'1µrbe•,··sodtum;,Qa.:r'bona.te,·"solutton,·•"
• ... ,,·' ,, ' 't

was ilk@.line.·to. litmus. tn.,o~der ;tQ,:~.:tfecit,,solutlon •. 
• t .- • ·-• 

n~alysi.$' as $.: means . of· .separation. :~:r.: :.the. globulins,. 
, . .... I -~ ,~- •. :· '·· \ · :·'-_,•>·':.~'\·'i_;-V··'···,·-:· _•·'

althouEs~ theoretically' correct,. p:r~et+oally7iel~s only·. 
-;'. . .- ;' :-- ,·,. -' _, __ ' i'• _, ' .· ,_ ,_ '. ,.. . _•\' -:'': '--~ --_, ;,,- '-_ .. , __ -·, .... •. ., ••:, . -_·. . . ' ): . "! ... __ , .. ' _-; ' . ~•:,. --,--_. : . f:' . ·.-'-_, ~:_ . . . . -~ -, .-.,-.,

a.· minute a.1-n~~t .. of ,ptecJ'pitate .(~_zll~f' .~(I. c.U.l.>E,lo~ 19()8~..

.·~ Q9f. e.ee·· Jiuttlbers; 1•·~di: 2.~ of._:;t~ple/1.r• ;•·•···~he_.·.me.~hgd· ,.de~··..• :

yiee~. ·through -the. ·iew, 1or1tsta..t·,·1e>ard. o:r .. ·'lieai:th.fbr 

the _eoncentrati on of /.dlphthe;ria. ... a.rtt.itoxiu ... (J/a(lav1orth 

192'1) left a; portion ot · antibody in ~a.oh· globulin fre.cll!' 
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rne;tho~. for,,:p~e~oooccue,.ia,nti .. b.o.dy---we~s•·.•·•n~·t :·;a.py,li~a.b,le,..<,•·· 
Sodium ·chJ,or1~r;;eci,pit~tio~i~,~oJtc~se~, .B~etne~ .. t~ 

. ·giv.e .. al'l .:ia,n,tibfl><ly l.~<9.~~,.:f.:rttct:i~11,-.·{Jsie:e_ ... <m.unbel't1: t :7, -,· la•< 
> \·· ,: /

1
, . . -' , • ,' , • c · -:·. -- . -,· ' . • ; . _.- :_ .-'. ' ' >, .· :.: • ,: • , •

21. • an4 :2.:a •: Of'•.· ~~,1)1~ ::4_). •,.though freciuently •with some· 
f , •, •. I • ~ •• ' • ' · ·•, / , • ' • 

_loss .1n...~1ter,_· -:(se.e. •JttµD.ber.s.:18:,::'·· 21,,·:•8.n<i-:2:t .of,,,.tabl.~,.4)-. 
,; ; . . , . '; . . . . ' ·. . . ! . - . _· .' - ' . ·- .· . 1' ' •• • • ·, -, . • • ~- _! •.; ." • • 

!.these results• -'Were-•·.n<1•t ..·.uniformly .'.<:onais:tent ,. howe'\1'e:r.•
:i .. _.,, · .. ' ··.: · .. ·.. ; , : i ·_ · \i .;· . ~, _ . _ ·• , _ . .' • ·. ,';,. • , ,..:. ','·. ' ,' . .',' _j ,·. -: . ' .· "'.'- . • .i, .· ,• ; •.', ' ·• " '

eyen ·with.the ... sa,me_<· ~~1'Wl:·• <compare, llUlll~ete l•'7,i-: l8J' -:2.l, · 
. : .' . '., . . '. . . ' ' ..,,•.. ". : ·. .' ·' ·,. ', ·') .; <'' . .: _. , ..'·;· :_. ' ' .··•,' ,·,:. ' ..: . .·... -~ ' ,··.i' : .\

and 22 of ,,table•: ,4 ,. with ,,,fllUllbera-,-,l2·, ·:;'1.4,,,:,atid,16J • . ··,,, .The ,;:
.;_._r _:;•· ·r·-.-·: • ·,1 ' ' 

' ..:_ _-·. . ' . .. ' _· .,. '. 

use of -a.cid:·•a.a ·.·a • preo.ipit·ant i, was avoided .since::, it :w,as '. · 
> . : .. ·, .· ,• .. . - 'i _:. -_ :: ;· , : ·~· '• ' • . :· : .-. ~= .!-·.i : .; ·. _. , . . . . .-·_"· .. : ·: : , ·· •. ·, 

. . , . . . . . . . .

found .. tha.t:,Jhi·s •: en ta,:ilei .. ;eonsi·d·erffbl •., ,i oss., in ,/antibody,
• !· ' ·, ' : _· .. ·-_· . ' ,,, : ' ·• : . ,.. -·, .' ·,.', · . : .. -·· .,. . ,• ' i • ! 

(oompa.~_e· numb:er ,• :L~, of•···:i,r,~l:e:' 4,,,,w1;t~ ·,)1U~'be~ .-14) ,,',\ 
Prel-imi•nary .·. e,cperimentf1·)1ad ·•ehown •. ·• :that·.· the ·• c vto-

. · .. _· • · -~--- , · ';. .-: · t · . .: : ~- ·::- _l. ·• . :, , ·, _. < ·, ;·-. . . .! • ,•"·.- ,. __ ;· _; 

t ·oxi c.• .. ···prinoiple·-.in •·anti.-.eugl.e~a,,-:rftb1>:t.t ·,:fH~rwrt:~;;ifl -,<~·E,, a o- c.
' ·, . • •. ' ~ -~, .. :. i • ; · ·. . , - , . '-. " • •. l• •. 1 -.· •.· ', ,'. - _. '· • ~ •• 

cia. ted ·. w1th·,·the. globuJ;;ins,n1 and " not, wit·l't ·•the c.e_,J..bumin : 
• . . _... 1 ' ' , ' " ; . . ' . ,·. _. ' :·· ' ' " ' . : ' ..,. . . .:, ,·, •. , .. ' ' , 

; ·· , 

' . . _;:.· ' . : ·..; 

per Cent ~'.-<.·JJatura.,ti on ·w,ith·' a.mmtn!um ., '·f,Julf:~Ae 'i '18.ff ,e.l ways 
. . . • , •' ' -· . . · , .· . -. . . • . · ·: ,, ,:£ . . •· •. 

inactive ·(see numbe~s 1 - 8 a~d 10 ·. 21 ~£ ~able 4). 
' _. ' · - ' ·• • l •··· -. · ' • ,: · .. •. ,. ·. : , -.c t,• ,-. , - • ,, , • , 

' '

tirel.y rer~oved by 42 per. c"nt •• ; eatu:re,tlon v;tth, enm1oniurn 
> ', • • ' ... ; " · • t.~ . :·; • :• ~-, . •: ·. . "' , • I '; -, ·• • , ,, ; ' 

. sulfat·e at ;_1·15 serum ,dilution (JJee, '..numbers .: 21 · - 23°'or 
. -.. --• .. : . . .. . -·· .. . •. r . .-- . ._- - ~- . . ,. _. . .

~a:t,le 4). :··~$i:nce . a-_ co~aiderable .•amount · of :-extraneous>· 
. . .- .' ·•·..· . . . '·· ' '' •.. •.' .. ·

substa.ncea .e.:re .. thua. r~n1oved .: ln one \etep, 42 : p~:r .cent •. 
. ' " ' ,... : •· ... ... 

sat~~aJion -~.i~h .atnmp~ium .:' _sulfate.,,,could.,logically be .. 

taken as the·. starting ;p~int tor furth~r co~~~~t~a~ion·. 
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8~-'; Relation of···,tbe<.cz.~o~.ox!<f p;rirtc1pie . :(n ·immu.n_e_ .. 
. serum · .. to :-.. that .. • pres-ent: ,::in.~ ;no,:ma.l-· s·er~ .,~, ""' :·• .. ·.··.+t :'•..hae· already 
. . . •. . . . . . . -_ . ; . . .· . . ' . ; ,- . : . . . - ... -· . . ;. . . . . . . . ,· .•- .. . ;- ·_ ·•- ~. . . . . . , ...

been mentioned tha:~ the tox1c .. effect .. upon :euglenas , of. 
' • • • . · ! ' ,, . • •, .. .>· ' ' .. ' ' ' ...

normal •serum•·. re~.dily . <li-~a.p11ea.rs ·· ... ··. upon :lle~ittns\:the>~erum . 
a.t •56° c. •,,.fo:r ·. one-haJ.f:.,.nour.>:,whtle ... ,.clte-,: tlerum .. inmmne \ to ., . 

'•' "' • .. > • • _ .;•- • ' !' •. ; ._.. .. 

euglena.s .• -.ifl:· •·Unaff eeted /by::S\l.Cll,:,, trea;tment. ,, Jl'llia .. indi, ... ,· . 
•. , ,. ,,. - 1· ; · • -.. , . - ;·. ,,, ,• i .. -, ._. \ . -. ..... _- ,. ,_ . , .. 

. . . 

oates t~at .e,)mplement ,<1a:.···, .-<t~eto~ ,·.1n.· .. th_e .•· ... norma~ ,:·· :serum

reaction but_-, tba~ it ,ii not,. neoeasar.y, i~l.· the .,ea.~e - of...

the immune ., Berum;·. , ,·thi e •: difference <-betwe~n -.,no1trna.l -· · and-

immune eei-um ·f1nd.8 7-•1trf-·rOnly., lmpor'ta,n-t--,analogy ... 1.n-.. -immun• 
' ; . . . ·, . . . . . . . ~- .. . - .. ~' . . . _;· . . . - .. , ..;: ~·. ., ' ·. . . . 

ology · in,,. the :>. opaon-ins, ·! and '., .tropins of .normal. -and-... immune:•., •. ' .. ' .. ' . . . .

eera 1 .. es.pectiveiy.,, :·' .. Jn:•i,- ~"iiJ:le• eaee -oi> all : other an.tibodiee 

(e.~g;uti~i~1e. · lystns,· ,, ~tc-.:) !t· has •• •been :sµ.own .th~t•-· in ,

structure ,and . med& ··,:··Of,. aotion:,.• the•; an.tibodies ··.·Of•·, .irnmune. · ,

a er~ a.re .,in,. eve ry~: way,,qu.~li tati·v-ely_ :· a im:il.ar .. to• the •·· 

correspondi.ng •. ones· ·.of,.- nor10al.i- serum,· -.,representing • merely, .· ' ·. : ' ... : . . ,.. ..·. ·_ ... . \ ·. , . ·:_ . , , , ' ' .'· ,• ·,· . ., ' '• , '•

I • ', • ' · • • ' ' 

a-:: .•~peoif-i~\·: quan~itati~e··.,.1:nerea~•e;': ot ,-, atibs~a.11~es:.·.ori,gi,nallY ·· 
;, .. . '

present in small amountll (quoted :rxom. .Zinss~:r 1931, · 
.. ·- • •... .' .. . 4 . : ~- . , · • , _ l', " ' · -'. . .. . ·., • ' • .,. .. -. . ' -• . _ •. . .- . ! • • • 

p •. 353 ).. However, it _:is ,",now the :.gen~re,lly . accepted. 
' ...... ,, .: .... .,:. . .: ' ...... ·, : . :·..... . ' . j, i...·.. ,;-' ·- '' ,,.. ;,: ; .... ... •. ".

view that. both normal . opsonins a,nd .immune o·:veonb1s, 
j •. ' ., . • ' • {- . . • -• .. .,. , .. • . ' • • ,. . • • . , ,. , : • • • • • • 

. .
or ba.cteriotro1J1ne, ha.ve ·a .dual .attuo .. ture,.·: :J.n ,the .. sense 

, .• ,· : - ~ • • . , _ - ' ' ·,.. .,. - • . . -•• · . ;.. • • . . •- ' -· -.--.•. ' ·1 ... : ·: • • .... --

:· \ 

that t)ley •involve, or-·may-. involve~: the. combined :i;i,c·.tion . 

of a specific sens;t1Z~0

ng a~t;bodY ~rHL~~mili~;~nt; l)~~ 
..,. •.·· ... ...- - ., ·. >.'.-'·. ·.·. r·. ,. ~---, .~ -... . . .- ., .

•~~at . the . V<~ry l,1w ooncentratiorL o:t. •. the .. a:pep1fic ·,anti bodies 
' ' ' . \ , .. .. : . .-. ,_. ,. . •. .. '

in riorma.l serum neoessitatee the adJuvruit action ·of. 
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&· ·OOn~J.qe~a..ble,.:amou~t -.,of.i:\.compl~:ment·,befo.re ,. 1t1?,:p:r;~senee 
,, _" A . • • L •• 0 .- 0 • ( 0 ' • •,. • • • 0 -,; : . .., •. • • • •• • .. , ' • · • " ; • 0 , • • ;, ;., : ' . • '• ' : . •. , ,,, • •- •' •••, j• . : , • •

. can ])~ : .. deteeted.• ·> SQ ,, :tha.t :·• the ,:compl,elllentary·1 acti Qll, ap!)e~ra 
';, I . , : . · i. ' . . · I . ·. .C ' • ' ', , , . , . ·. , , , ,.,, , . . ' ~, · ' · • . ' ·: •.. ;:; ; . .,,· o . . . ' '· > _. • • ' • •• , ,• ' ._ ·_ . . ,,.• • '\, •• -'

. ' . . . .

to dominate . the·;,p:i.cturet•· w1ii1e ... the high . 9oncentratior1-. 
t • . , . \ · .;_ -· - ' • ) • • ' J•' • - '• "' , • • -·. ' :. • . : ; J ' 

. ot; ·• ·the epecific, antibody],rt,. al\ .. '. i~·n1n·et per~ "red.ttc•es ...,the 

adJuvan~· ,t:totlort,·•Of tthe:' co~p1·, _ment to,. a. .m'e:r:e ,erihttnoement 
• . . . . •• • ' ' • • . ' '" I -· . . . . 1~ ; •\ •, • . •: 

of. an . ~tf·,ct .. ;whi'~h ; t~ites .• pia¢e • .J.n i ~$ $ bi, enc e., .. . .. (ta14 ~Y 

·a11d Wil,'son 19'.Sl~'<'. p~ .. J.'16.) 
., ' -: : , . . ;_:- f ' • .. .; -. ;· -. " ~- •

Zine~et,-,J .3,...9·s1) .. · eugge$~s . th~·t :.the-.l .eukocyt'ea, t~em-

eei veil t .urniab. .:su:t\ficient• '.oom.pleme'nt,:to; :the, :ac.tion -
'. _i • .••~ • ,, • •• >'., :· ~.: • ,; •. ~_,------.- • i;.., ' , :':,·: '•( • ,• •• •:. •_. .:":-_· .:, : ,. :- .:°,-~-- •. _; , •-_:c , •• , / , --_ '

it .could ·-·be}/tnad.e ,:aa··-,_.:{we11:,..i lt· .. >tne :. case: ;of.\.an,tlbodi es \ .))l:"O~·•
• • • • .. ' , ·, : •·. ' . -.- : ' > • _-. : • • ~- -· •.: .... • • ·" • ; •• • ,.:

duoing ... an- inJurioue ·,:.etfee:t ,. u.pon>·,,h.eir,:, .ii.nng_ .c.e,l°l":llar:··. ···.

antigens ·. ~ppa'ie~•tly:' wlthou t ··., the ,. ~id ·:-,or,·'.·~.~mpl ement ;\, tor ,. 
•• • • • _- •• . - . ,:· • • • ' _ ·_ . ' • · t- •. :·-·.- • • . • /' 

the .·cells ,invoiv'ed .thue, •·•far ··;' .-..,.par~~~ia, :,,:a.m_eba.~J· _c~r• 

,ta.in ···diph\he~,oid. ~a,CJilli, .-,a,nd,>eligle.n~a;<.~i''. for -- ·,the•,DlOS:t .. 

:Pa.rt ... are .. ,large ··C~ll~:·,··wlli:_eh-•h·•.cou~cl ·'b:e·,asetune<t:,··t ·o,.: ,: ,fur~i·eh, 
, ' .. · .. ' . ·. ·· . . . ; , ' '· ' ' . ·' .

en:aymee .• .. w.ith•,.,'tunc•ti·on~;,analo·gous :,,,to "--coxnpl:ement:,:.as ,wei:1 .... :. 
\."· . ' .. ; . . :_ ·. __ ·. __ ; ____ --. . . .., ·-' ,: . ' . . ; . -.> ·_ ' .' . ~- . :-. _ , ) ·. ·,_'.: ,_·_ -__ :,_ -· . ,_ 

$8 the teµkocyt.es can • .. · l!aJDilton9s . ,(190.8] work .with.
• . ' " · . , • ' • " .. ,> ... .. ' ' • . .. • . -·- ' . , ' • ' ' .• . ·._.· ' •• ' .. . ,, " . ·• ' .~ ' . ,. ; -... . .. . , ... ' . ·, 

the .Ruediger,.:.·baci.llua neeci : not be . ooneid'ered further . 
, , .. . .. . • • . ;. • . ; . , ._ . ' , . . • ; · •. .. ' • . -. · .. ·; . . ·, • , ' • . ,; . • • ' • · . · .• •. . .j •• • • i- ·-.. ' ' • •. -· .- : ' • 

' . 

. here. for .. there_ i.tL .little: ~oubt tha~ahe was ~ea.ling ... 
' :, ·< _·. __ ,_, .. ,._ . , - . .., _ :,' ,"' \ ".. , .~. . .. ' ,, .~-.-_·_- _ ' _· 1 • :- --" . • .\i:: , ., _. _._, . ·,_ ;•;• ~-- --:: -:· •. , .· •:' . , .• ·- • 

with aa,im.ple° thermo.etable· antibody. in, both :no.ntal .. and
: ' , _, .. •' . • ·..,. . .. . ... . -~ .-_. . . . . • . ' . , · . ' ·-: •.. . -.· ·. ,. \ • ·: .i . •.·., -<-.. ,:;: ' ' 

i ;

lmmu~e sere. • . Untortun~telJt,, /.with .the amebas . arid ,para, 
• . . •.••• ,, ' I- -. . • . • ,., , ••·. •~. " .; ., , ; \ ;, _c -... • • • • ·• . • ·,--:·. ---~ 

. . ' ' - - -

. ,neoia. no atudy .. :ha,e, been . made ,c,f,. tl'le. normaf antibo.dy. 
1 "' • • • • ·. · '\ •- ,• , , \ · ,_ ·; . ' •, ••. i .~ .. ,.- · ' : :•: •,' _,:.:_-,,~:·, , . .. ,,\. ~- _•_.. •. ,:, . , ,,: '. ·,"'' • • ". ; ~ ; ,:, ., :-' ' .. 

Experiments . were .. carried .. out to., de,t .ermi~i ·:whether . 
.. .. , • . ,I , _--.,. • •., ,_,; •, ..... •-:; : • · -t ' -

the toxic effect . of an immune :·ser~ upon eugie~a.s ie 



enhanced.,,.l)y .\-the--. add:ttion: -ot- i; -c.omple:rn~~~:;f ,>~,.•.T-h.e1·\e-\;: '.:L~.,\-::co~:"-,+ -

t;;idera.ble < evidenoe ,- :tha,.t :,:thi"a does,', 01rc11r in the _case ' of 
... ' ' ; , ' ··. , .. • , -·· ' .. . 

tr.opins '. _ .. -,~t .ha.a ~lr.eadr, been · :eho!:'1 __ :.t~at ·, the . toxi~._- ,t~• 
tere ot ! .fresb. .:-.unheat.ect.c--,,$.ntl:.,.of iheate'd:C.$,nti,~.euglena-,,.,tab-

• ! ' • ' ,. ,_ · ·.,. . " , ' ',, 

bi~ .. s era, ~un ,.pa;rall 61 .•. , .r llthougn. :.th-:ts : indi cat ea- that··.<: 
.. -"' ' . ' .• . ' -:: ' -., ,,. .,. - .. ', 

' . ~: ' : . \ ' .. . · .. --- :"_" .. .- . ,· . ' . . . ; . : ; : =_._-;__ ' . .. ·. ' '. . i. . ' . ..' :. ; . ! ( . ' 

an _ an.ti body j ie , p1tesent :-:;:whi-eh,,,doee,,, ,not:,, r .equire·- ,tree <..tom~--
• ' I • "' • ,< , • "' ' , 

com:para.ti'v• ,,effei~t-- 'of~:. th~ --antibody ,;itli:: ancl -.without
• • ' ,,, ' , · ,: , • . ' t • .,

free -complemer>:t 1· to:t\ 1:the ,:.amourrt·.:: o:f:;,¢oxnpleinent : 11resent · 
1n o oo~a· ... O<i·~•..·· ~r IJ'abbii,,s.e1'uiu,,.to~:s ,.eo,~ .•. 0$,, ,;duli-

.. • .· - I • • - : . • 

- ',, . ·· ' '

ot· ;the-add.it:ion ,:of :.,ierum te.onta.ining -cotnpl,ement-:wa,e ,:studied. 
. ' .

The __ :r~sults.-- .a.~e i:,shown:,:i :n .,>t~,ble .. -5 • . :> . .'.fhe -. h+gh .. -:toxiel:~y 

-of' ,.the·-guinea, pig.,1Je-rum .. --:wae:,,e,1",disa.dvantage,.-::bt1t ..-the 
' . -. ·• •··- ' • • · - ' • ,, • • • , · ·' ' • • • • . , . ••• • -~. j •- : 

.amount t,1 --,~ompl.:ement --:;,us·ed1,•i'Waa·-/ showni•4:-to·•'be,..--.ifully:,1~deq~~te- --
in -- .the hemolyti C·· .-spstenitw!th,--exeess·-c:-: of , ,hemolysin,,, <,·The · . ' . '' ,• ' . . ' '. ... : :·, . ''

,. . . ' .- , , · '

results· ·.-c1·earily,~,, cndle:a.te·::.-:;,th&t:-•,. theH•-toxic,:,eff!ec,t : ot----the',,,
• • • . • • • ; • •,' • • • . -; I 

immune eeruuf :is J.ncrea.Jed by'. the· 'pres·ence· of ~ree • com-. 

plement • . 

The _question arieee>e.e to the ,;evidence .-ftrr the 
,. , .. • I • •a I • ,. • · ·•• >• , . _ • .,., •·• •• • • , . ,. · • • . .,•. • • • • , • ...., 1

. . , -. . ·. '

The work of ·Jitat,kie _and;. Fi'l'lke~etein: (1931,l:·inakes it teein 
•· ,: ,, . . .. ' ·' . . ,· ,:. .. ..,: · . _; ." .· . ·-- . ... ·• :, . ..

i~proba~le, ~hat ~he bactericidal . effe.ot of---. :fresh._ normal 
' ,, ' ' ' ' ; ' ',, • ,. ~ - # • • ' '. ' , ,i,, ·. . . . • • ' ' ' ' . . ' •

J!erum is due: ~o complement alone. H.ow~ve~•- thitJJ question 
· is still -cont:rQyersia.l. Gordon and, Cartez-, (19:;2) . hold ·. 
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Serum

J:froo 1:2000 J:2.2.s" 1: 2soo 

Without .'~omplem~n:t2 

.With'. rabbit ser~4 +"'-++- ++++ ++-1-+ ++++ .\-+++- +++ ++

:• ·:•:~o. 2f>.,.. o.o·;::<of.;~, immurte,: s·erunr \dilution ... artd .•·Oolf..:cc· • . -o:f· 
e·tand.ar<l euglena suspension -~ ,each <tubeo Total · vql-
ume 1 .o cc:. ·
. . a ·. . . . . , .. . . · · .. -• ... . ·.-\ --- ~ -:' ~~line•;_ oont~ol·:•·negative 

. ~o=~s ,,,c(); 2'01t', lt20 pooJ.edAgutnei)i pi,g · l3el'UDI addE!~. 
to ·ea.oh tube. · '-'111s a.mount of unhe~...ted .guinea pig: &<?rum ,
showe'f:: o~e~plus,~,-toxi:c:tty: 1 J>e~..,:<se:·•: · · ·

; 10;25 : c~: ;C)r.1;10 ' tteah ral>if t; · m,UJi1 added to eachtube. This ·amount: ·or unheated '. r~bbit serum showed two-
plus toxicity .per ee. · · 

++



that: ;variations iin the, baote1 ... ieida.l power,. of<normal •• 
\. ' ; .1 . • ,· ' ·.,. .· • . ' ' • ' -~ . ' ·,· •

. . .

· serum against: }d:U·terent_9:r:ga.nisms_ de:pend.-merely_ lt~on 

the·· e e11s1tivenea·~·• •of,, :thes~<organiams- · t_o: non,~:peoifi.c · 
.- .::, ,. ·; ',- "'

faotore. tn the >$erwn,. .; ,·· Heated•· noJJD1al, seriun. r~ta.ina. ~-

ve'l:y alight.,ops.onic.•aotion.:.. ;• Beate~a ... eerum .-i.n.·ic>w d1lu..-.; 
• . .• -·. . .•. _. .. ,_. c> .-·:··. .·,.,. . - : _., . _.._. ·-.,,·. .·_ :, - . -.-_. : .. · .... .,,.·,_:_.,, -.· -;,, .. , 

' . '. •'

mit ted tha:t . o.ther -aulJstauces than ·• ar+ .a.nt i-body could 

contribute to.this. 

·Specific abs.otption at the .toxic .. s11beta.nce. from 
,... , ..,-,,

~orma.l serum eo~l?,_ not<. !Je _demonstrated. lUnoe .the· anti--
ff'

body would be preeent<·in $mall. amount only, it might 
' ·., ·, .. - •·: .'· " ,• .: . ; ' ,_ ... ,·.· ' . . ....... __ · .' .' -.... ' . ._.. -, ., . ;. ' ' ;, _,. ,_ . . .

. not be p~ose,ible to dietlngulsh it f:rom oth,r.'to,dc .serum 

constituents. 
lt 1a well 'l~-novm. .that addition of complement, _to 

heated normeJ. ·· serum··i-estoree:0 ,its full; opaonic .. a.oti.on. 

However:-, ,.;no->'evi·deno•e.::,could.',.;,be"···'obtalned.c::htl1e.t,>t·hia•i·,al.eo.
,•.·.',,·. :--~ 

:re~tored····the'···texie-· scti·on ·toward,. .. •euglenas1•/<·Remembering 

the quantitattve relti>t!onahipa· which mua-t exist between 
' ' ~-

antibody a.ndcomplement ••. this..ie not aurpr1~:ing. Vlith.· .·

the small amount of. anM.b~dl,' th~,.t can .be present in 

nornla.l serum, there ma.y ..we:Ll be. requii~ed. a. la,x-ger _amount 

of complement tl10.n can be,-~uaed without exceeding the 

tox:ta dose of fresh serum. 

Dlscusaion 

Earlier immunologists aeHtmied that the different 

4'1 



effects that •9quldbe ::Ploduced-._,by ._ a:n •J.mmune s.erum ,.werfl>.
' : ' 1 ' / ; . ' . ' ' '· .. . ' ·- ·· , \ ·.' ·; , ! •·· . , .·.. .. ,;

. : -. ·' ' ., ·,

each due ,,to ·:,a --difterent·,_:oonstituent -,,of ·'Jibe. serum. __ ,, Accord-.. :.
~- !- ~. l > ( ,; : ~~-- I :<:/ ;:.· .. -~- ~\--. L,~_::•' ,i ·' ' ; ' -, ; -• ~_: ; : :'..i "•' _' -~~ 

· ing .·to the. m!_re •-reeent . ~~i-tarla.ll.~0
: · •:t~eo:r~,,· : t ,o. .eEtCh:•:chenJi• , 

q.Llly··. d~~ti~d ~tige~iC ··.,E~bsta,,~Cecri·~ .~·~Qll!Ple~ -t\ntige~ . 

t~e·. ~nim~l ·:1)0di• l.'es;~nd.11. ,i;;.;,~~ o~act~o~, of., .. ~in~1e . 
.:,; : ' : ' '. ; ,' . ;: ,, :· ' '·,.·., '::. ·• ,·,·.::;,{ ,· ·, . :: ,;·:i ·":; J \ / · ,\ ·:·. .,· .

imm\Ull!l • •·substancef ,, ~on11id~i-e~,,~911l · !this ,viewpoin•t•'.' on~. ·. 

wou;~ ··. l~?k 4(1.,$ll'.,~uf!,11~1 ,;ee~si°~j.J·e~es,e-•_ 6r. ,'i~~-,-ceiJ..· .•. to-· · 
alterat~o11~ in:?ite -:envir<>nment--,rttther •- -t~an--.to_ ,··MY: p:eculiar 
clla:ra.cteristioa.- of th~ ,,t;intibody -.to;. a.n :.iexplan~~io~- or 

• ' ·: .• ··: . .- :. ( ,: ' ' • :, . ·. ' '. ·~ / ' ' . • ! , .. : ·. ' :· . . . •._: . . . ' ,, ' • ' : ; • . •. . • . ' . • . " ,. . '·, ; ' 

tJ1e ' specifiC,·•tQXi,O ·ac,tion ot .e,n :,~mmunE{ -se;rtll?l ..'una4ded,' . .·
: '· ; • . . • • ',t ' ~-, ~- - --~ 

• . \.• , : l : . ' 

by tree. '. eomplement. ·-: ,,:•-G111e -.,fac;~,,-t~E\-t :-• the •.•·;Presence-../·ot... ser~ 
"1 ·· • · : _ ; · __ , • ·. l .. ' : .•.: .- · . . :, -::.· , _· _• : ' . . : . ' . : ,. ' 

1 
• . ' ' ·• ,- - • .· . . _. : - _, ·',_-..,; · ·>·.,•i ,•' . · .. :· •-': • . .f: --,•·-_;:·

1

.. '. : • : \ 

complement lief'i~te).y,, e~ces,the :lieacij,.on·,,als<ty.tends. 

to align •·ttiit1 ·•antibody • ~itlt the ,.Qther. kn~~..~ntib~di es, •··.,
·, • . •· . • -. , , \ ; h • ! ' -- , .i • ,,

. ,

·and. givee-;basla •tpz-.,,.the·-aasumptJ..pn.,,-tha~t ·-the '. · injury-, to· ..... the 
• <' ·: ·, . • • '. • : •• ·: ! ' •._:. ' .; •. : - '. • ' : \ ' ' . . . . ' ._ . . :· ·• I : I :; : . I : • • •· • c ' . ' _: ' •' ; • ' • ,

c::ell. rna.y, atte:r<ttl.l :be-·the ·._- result -, ot,,:an-··· anti body, senai- , 
. ' . · " \ ' .· . ' ·, • , ' · . . . ' . •. ,. . ;, 

. ' . . . :; . ' ) 

'ti za ti on- to · 00JJ1pl.ement.·,,: ·:The,, £ol.lowi11g -- EJta.tement•· by-
• • l , ' ,. ; •: .•. · • .. . . ';; • : _ '. . . , . ; >, ' .· ;. .· • , .·.· , .:/ •·

Kudd -·et -al. •• :~(l9.?9 l .··•··~once~~ing>cert4flin -·aci~-tast'. ;·bacte~1a ·. 

• whi~h~o • ~~t ,·aggl.utina.1ie aithough,,the ;, ~u·rf~c·e p~teiitia1 
diffe;enP~ 1~ ,l'ed~t1ed ~el~' .beiQ~ 

0

th~ ne~e~·eai-Y 
,· :,:-.;" - ,;./ t \ ·. .., ·:. ,\ , , .·.•·: ; ;·'. , · .. : ~ -.:.· · ·i ._.· · ,"_:- .... ·· ..• , ... • _ •. I , _,' ·· >· .\' . : --~ · · . .-._ ; ~-- . 

for rela.~ed ro;-ms ,e..nd concern.in~ others which .. are .. phago-
• :-- . ., .. . . ... : ' •,' '' ': ' . .. ·:_ ' . . __ -_.- . . : . .· lo, • ,, ' ' '. :, " . . ' \ • . _ . ' . ' ·• ; < ··-... . . ,.. ' ,., ·, : ' ,',, • : : ', " • •·· ' ' ' ..

cytized ' to, ,a 'high .degr~e . ~ven. .without '.,e'r~.- ~en,si. tiz~ti.on, 
{ ~ -.,~ .·- I , ·.~• 1•· .i .. ',•

1
·: ! •~--- -,, : .- 1 

' ,; !,' ~-~,, ! •,· ' 'l ' l , .... _ •. -· . < •. ' ,.'.•,,' • :, _· - :••· •: .:.·'..•. :· '.;, ' ·-; .{ . : -~:
• ' : ,. . · :~_ ·; ·1 'f \ . .

J~ per.t,.in~~t he.re . al,af~l. _: _: T.,hey, ,~~~~'' -' ~;tia,t.-_,ph~goo,y~o.ais· · 
· and. a~gl11t1~t1on c~ no·i' ',.·:be•• fol'Jnula~~d ·~n te.1'l!lll oi' . . the 

· ... .. , _. ·, ,_ · ·. -- . ; • .. ··._._ ;._ . , :.;• ,· • i.: .. ::.:: \ ,. .. _'.'-:·· ._:. - t;•·--- -_ . r· .. _,.i · ··, · ·'. \_.·: ·:' ~ , •: .. :· .. . \ , . 

senei ti.zing._ substanc.e .alone •. but dep.e11d both. . on . the ,. · 
" • . , ' : ' ••• r ' ' • . . ; C ' , i ~• , ' I I •> '.: ,:: •.,·, • ;- • ,, ' , , '';' ; , ..... • ·_. -, :· ' ' ;,'~ • ·: , .' , ' 

proper,ties .. of the s~nai'tizing substance anti on the:_ in-
. . • · -'.', :, :· ·: -. ! • : 



tr:lnsio propcu.-t:tes ·-. ot: the. bacteria ... ·undergoing,, se21~iti. 
zation. · :This of ,, eourf1e .:a.arH1Jnes ••· that·,.:-the.,: sens.j.ti·zins

...... ., · ' . 

tilm .·neve:r :.~••:Qtrle~; compl-ete, · lo1f in'::.that .case ·1;_ne .·_·pro-. . ' . .·• ·_ ' -·:--· .. ::-:···· !· :-·- . _, .. :· ' , , • · : ... ··. ·:· •_. · \ • • 

parties of the .~ntige:n would be. masked. 

;tI 1 Tml ; l'RODUO'l'ION: ••OJ',,,.AJTA:PHttAXIS>...\vITH .. . . 

·~GLlfflA•··•····GRAOtLIS'.:~ l\L:E-S: •. 
and .<q~~~ain,i{·Gthe·r

Unicell.ula.~ Ohloi:ophyll•:Beating .• Organiems 

·A study.-..ot·-=anaJ;,hylaxts-,-:'Wi-th ,.eugl ene.s: -and ,· with-, -the .· ' ,. . . ' . :1. , ! • . . ~, ~- ; . . , 

,, .' ·.-- _-. ; . . . : -: - . ' . . ' ., : 

taken_ tire\_· _to detennine -, the-e.pplio~bi-lity. to .- the •problem 
a·t ·_. hand of:me:tilods ; .. dep.end:i.ng·.,\lpon· :.tbe,.prod~cti~n~-ot . . 
h1Persensiti-v.enessi••.•a.nd·, itecond ••• to •::investiga.t.e., ... ·,antigeni•C . , · . . , . ._, . 

tound -applicable-.F,~-,- The ·t,&mooth :muscle-:-.rea .. ct1on,.·ot:,• Da.le;-; 
·- > • •• -~. ' • .• -... • • • • • • • • ,. • . . -·. •

Materials and ·.Methods ··

•- The organi~ms -used in .. add-ition-.· to,. the va,ri9us .:a.form~ Y: 
(-._ , •:: .. '

a~d straine of--:Euglena sracilie .we~e Stiohocoocua .:$1:>..•. 
, • • : I , • • ' • , ,, • , •. . •~ _ ~ -• - , · . . - , , : ' ' _· a.··_ •.• • .' _. , _ _ _ . • , -_. _ , , ,-• , . __ . _ ,_ • . . :• • ; 

Chlam):domona.s -·ep.·, and .-.- the .:two epeoi ee .. of Ch.lo'r:elia. 
• •' ·• . . . • . • • . ,' ,. ) > • • •, ~ . -• . ! . ,.. . ; " • . ., ; II· . •

previously designated as. number- 5 . Md number .11. · 
' . ' . ' . . 

A total. ·ot .68 guinea. .. pigs waa .·._us:ed .1n .this. s.tuly,, 
, ' . 

!rhe ma.Jority· of these were virgins injected int:rape:ri-



tonea,JJ.y with-a prot-ein extract .and tested.fo:r-.i;;.c.tive-

. eenei ti zation by. the !Qal-e ... (:t9l3l .'t,eahni,t'h 
' ;~ .. ··. .. _, ~•, ' ... ·. ;. -, ... _:, ,. -:·

' ,• •,, .. ' '.. . ,· .· . ' .· ,- .. '. . . ·•.- •'• •' ·., '
'. . -· ·--, . .' ·, ,_-_, ,, " .. _-,,_' -

j ection 'and. tor. the:testaj.'-.., . .:!J!he .. yoltlllUl,.,,used,-;(.see table ,6)\
• • •. _ft : ._::'' ~- ' ' ' ' ••• ' 

is . tha. t ot ,,this undiluted .extvaot· .• ,,• '.,;tth '.:pre_•.P .. ·· .. a...·:r~tlon 
.;· '. ' . ' . ' . ' •,

~.onsisted•, .. in mi·xiniii:the· dried•JJ~lls with-c.p .• ·.sodium
. , • f j 

chloride •eryetEils•,··'" :tn;the .. p~oporti_Gn~•:of:> Cl,45, .. gram••.,.s,idiwn 
·chloride·. peri,.g:tam,,;of,.;,cl.r~ea -oel.l:e,a~··••and,.:gr-indjng .. in1 •• a, . . ;, 

.mor,ta;r to •·a.>fine1<powder;..•c~-··llt,st•i,J.·led•v.~wat,e~.;.-.waf3·,,add.ed-,,d:;r.op
. .. . . '· ·.' .. ··,. ·c· ·.· ·.·. . •·. . .. . " ·• , •·. I.

. bY• .. ·. drop · ... yd.th·· continuoue·:r,g:ri.nding<until · a•:l:11f(i:i.d.-:re~ulted. 
I' ,· '. . • i , . ·. ~. . . ,_ . .;- . ' ; • ' - ·, 

Tlii.s ·wae' theri•c,·S'.haJt•e~,.,,V!·go:toU·SJ..r,ifor·,an::- ·ll!l'Ul?,·:o~• two, .. 

a.rte;r. whiph" suf.fiel:ent -,ttistii~ed: water.··wr1~ a,dded,~o,.

,~ring ·t~1!··;e'6nce1:trat:i:·on>··tg, .. ,,·that-·.·o:f',,.a:,pliysi-olo·g.i:c~l~;y-, 

no;ma.l• soluti o:n.·- ,.,.Jreld.mi.nairy·\reaul-te·•·.'.on, .~:rgin<u:teri.ne," 
• ' , .. , ,; ,.; : ' • . ' ., ; ~-, - ' ·. ·:,.~•.: _;. : . ; •·.. ' .; ' . . I' ,,

horns· ·s,eemed'•,to•"/tn(i:i,eat,e·-··that:,<,..1.01 ·0et<<of,,.-euglena.-·'..ext:ra<rt 
• I_< .. '•' ,' • . • f ' •_ , • • .' _>° :; • I ', :~ • ' • -:. ' :_\ '. ', ; ,/~_ ; 

and. .·•5.0:.:o·<f.,·.·c}f: -·eit:wact$,·.ot, .. th.e-· •Othe~-/torms,.,:,1ere! .no11•.
• - • !. ' • 

toxic d.oaee •.. How~v.er, extracts made~ trom .. time. to time. 
. . ,. ' _. . . . ' · ' . . . . .. . : . . . 

varied,, so ·that, oe.e~.e1onall:r toxi.c reaotione:were, encoun~ 
'.. ,.-··:i ':: ·' ... .,._: ·•. ,>; . . ;,. _.. .· ·.·- " \ , •·:,~ · ·:'. ." ... . ... ·- .'_/ :,.z .. : .•• ./ ./, 

terecl ·with ,mu.ch·.·.emaller• ...(101ea •.... •.·.,' )To, toxic, retlCtibns- were 
• r , • 'ol ' l · ,. , • .- "' 

encountere.d when Q.l.. oc. • .. quantitiea: .. w~re u.~ed .. in .thee:.•;.'
• .. < ,, •• •• ; ,, .,_._ '_.., ··, ,,· ,.· . -•

test•..Asia. protein.extract: of, the fo:rms .used, .... the,:JesJ. 
; ; . i . . .·_' . ~--, ,- . • .• ' •. . ... • . ,, ·. . ' ~. . .. -.. . •. ' . -- ' . ""'" . " . ·;,. . . ., . ·•-~ .-. 

redka mod.iti cii ti on )WtUJ considered ... lnf eriot to . the.,: lto_p-.. 
'' .. . . .. . . .. '' ,,··. ) 

kins et al. (l9Z0) e:x:tract,, but its US_tl We .. & continu.e,'.~.:-··.
,, ·,,·• .... 

for the sake qf unitqrmity in resUlteo ·· · 
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·tt:;v:ro.de:f:e ·sol.utio.n .,s~l.lman!l•:l.9·" J .. . ,,a.e, .used tu; .. the••·.
··>. -.· .-,,-,..i ·i, .,_.,

bat.ll ··.in.• ·the·· .. :•Dale· 'me,thod-~,wtth:,o·n•;·h.aJf'·,:.'the\,,,u~ue.i,: ,a.mount:. : ,·. -.·. . . :·· .. ·,. _·,·_ '. •' . "'. ·- .... . . ' . ·:_ ,. -~-- ..,·:,' <". ' ;.• . . ,.. ·_ ·_·...· ·_ ''· .. " .··, ·• ., " . ·,' .' ·- ' .. ' "' .

It). .,epi:te ·-tl:f' :the,.::low<·t1.gg:t.'4t:1nln · ,and··preoi-J?i-ti:n-.. :t.i• 
, -·~ ,·.' - .. ,. ,. ,, ;,, .. ' :: ' . ., . " . · .. ·· . ' ' . '. .·

:t.er.t obta:tned.,r, -.~,cpertments -:·.were,,,.~a.rri.ed• :o~t., :to . •4et.e~:--. 
lllin8 ··vd1~~~ef .ik,)ll$;;j;.,,te, pQ~ilJ)#e •i~":s,ens;t.tj.ze· .gu.. ••·.•.·-.n. e~.· 

'·' ,.· ',.' . . . . -,· -,·,.', •"; ., ,,·-:... . .' ... ,_ ·.'', ' .,_,.,•-,··.·. •,··••-·•·· •, ''; . . .., 

pigs. 't~- the,-,.~riou:jij·\O_~gan-isme:, ·''',eithJ~ .. •·•ac'tiv:ely.,1•,W·4-lh, ... a,, · 
' .; ; . ' . -_ ' ' -. . ... • .. : . ' .., . ; .. · .. ' -.. . .. _' ; , ... ·--~ . _·. ; . .' .. .";__ ' ., ., .. . . . '' ·- . ' ' ,• - ,._. .-- ; ', ; ,· ·. , . : . :,_ . . ·: : . - . ' ' ,; ' ·_ -

pr,o.tej..~·~-'.$:>tt:r-ac~::,9~;•~ss:4:y.t)).Y::-;wttll .. the,:1,er_um, .·Qf:,the. :treated 
1:a.'bbi'st&. 

Vlith···•:bhe•··•iVi~g~#-•llUf*eli···:P~~.ei, :eleai~t,,po,si;ti~e•••(r,e~e.~ 
. ; ; . .. . ·, -,·_ .. '."··:.·'· .. ·· . '. _·::-·_·.,-. ,'-."

·.ti.on.$.·.• w1$h -~-:r~a:~ltins· ··.:d.e,aensi·-t~,zat4<m·-'·7fl•,re;,., ,·Obta:t.~ed.,,,wit11:. .: ' . _, , -.. -. - : ·. _· , .: . .', - ' - ... ..:. ->• .·,· .. - - j . - , - I . . • '. , .,. . . . . , 

·.n.~ti\0~~~··1rf)a.ui;}$,;.a~e?1a.hoW?).•,~.~,<t.~l>.~\~?·<i~:..~rut~:in,:.tiguf~f?·• 
.•5 ... and. . ' ., ,.;:•,,.lJotll·•a.•tbi-ve,:,s•,an<l·~-1pa,e:-e,,,,,,.,,!i$e,ns,t·tl1a~i,onrh,lo•,:',:;~~

~- ,:,: ... ·,. : ' ,, .. ' . ··i·< .·,,_ ..... '.· <. _' i': -''. ,.··, ; :. ,',: •'.' ,,· ! . ' • ,·., .,, sllo., ····:· --~ ' (: ', '._ ~-' 

.s1•·enra•.····grs.ci·lis·,iwe·:r•e:,,\~aemons~wa~,e·di':'·i:•'f•;'tl'~,:L,e2~·wa~:-~1~.~;'j/1;~~u.,,: 
of the other orga.niems,.1n·' ae·.fa~ as ,experi~en;ted._wi th. 

,: ·' " •,. . . . '", , ; . ), . .., '. ·_ ' . -· . ,, ,... . . ,_. . '. ' '. -' ,. . ., '. -., . . -·, '

with. the<emall ... · series. ;.ot .guine~. ·pige .... in- wh;ch-. an 
: . I , ·,\ ,· ',' .... . t , < . -.', ., ''. -. . • .. , .__ . •I . ••; ., •. ·• ... ••· :, " : ·-, .·· " • ·, ._. • -:_ . ' t. • ->. • • ~ ' ' ' .· ., ' •ji-

at.·. t .. ·.·• empt to demonstrate .. clinical•. -ana.pI,.yla.xitl .. was ma.de, 
. :.- .:· ·,' ' ' . : ': ',' . ;., • .. _·, --, ,. " ,. . . .'' ' ·. -~ ~- ,, '••' . ,' · ... ·' ! ' ' ;; ... ·' . \-· /.. ' .. - •,, ; . . . ·, ' .... ; 

Arthus phenomenon was clearly- demone·tra.ted in- the · 
•· . . ·, ,. ,· ·, . ' ·._ /' ' , . ·.,_ .•,: ' ' ;_ ..,. . . ·-_ ., ';. , ___ .. ,. .. ,· ·.'.. ,, \·. -_· .. -;,: . _•,. -· ... •.. ,-.. ; . ··:·. ·.:·, __ ·•-. ' ., ·.. ·_ :: , :. . ·•

case of .three-rabbi ts .. 1113 eo.ted . eubcuta.neou£?l.y .:fo~,.;tp;~-
~. . . . . .. ' . .· , 

purpose, one with stlohococou.a ,,,J$p •. ,,:, Q~~ , y1~:tl1 oh10':d,iia 
,. ;., , . •'· . ' . -. 
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Figure 6 

Right uterine horn of virej_n guinea pig no. Z·6 

(Illustrationr.eis tracing from a :photographic 
reproduction of original chart.) 
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Figure -7 

Right uterine, horn of virgin guinea pig number 39 

_ (Illuatra.tion is tracing from. a. photographic reproduction 
9f or~gi~al ~chart) 

1~ 0.3 oo. !~ gracilie (Turtox.green) · · -
2~ Changed Tyrodets aolutibn, it minutes. 
3~ 0.3· cc. E. gracilis (Turtox1 green) 
4~ Changed Tyrode's solution, l minute. 
5~ 0.3 cc. !t_ grt::icilie (Noland, green} · 
6~ Changed Tyrode*a solution, l½ minutes. 
7~ o~3 cc.!• gracilia (Noland, green) 
a. 6.0 cc. of 1.0% barium chloride. 
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ot the Stiehococcu13 .. tmmu.ne-2;abbit•containedptecipitins 
'(i:'i>O' a~t.~!idk~' 'eJt1irai:'tf:. 

p:tacusaion 

No ·indication iof,;a,n.;e;ntigenio- ~e,la .. tionshi:P· between. 

the e.ugleriatf .·a.n.d:,'it~e<:+o,v~:d•.t?;re'e;n:,,a,J.ga.e:., .~a's'.>found1·,·1s~e,.··
:t'iShi' ·hq~a·· Of'.'numbii-~' .. 4:,~·i~a'·.of table :~. arid t"gll're .. ~J••• 

· :Sy ·'·Inetths( a''f.,.•tJ:lti.•··i8lll():0't~,;,lllUSC'J.e: ,ahaphylactii-0 .. ·•· ·_reac.ti•on,. 

it_ ll_as_ been J;)ossi:bl-tF••to-,"d,11;-tinguish-. -•be-tween. -Jhe ... normal. 

green.·.· a.nd·· the b:yaJ.::tn.~-' ··dark><fo nutf.···Vdthip-.·•pn_e, .~tral~•·,. ot 
~uglena-·•f;r&o:tl.ia•··. ( ., .. see·-.. ·r~ght _ho:r:1s •.of numb~:ta_.Z6-·..and, 

, .. ,, •• . 
' ·.·.' ' . '

40 of,. table ·•o• and:,,.figu:-e. 5,)-•. , · it .. -be. re¢a.11ed.-:.th~'t: 

it wae- not·•posatble -to-• do ,.tli1a ... ,by mea.ns..of.,.th-e:<cytoto:2cin 
.. ; . '

reacti'on. , .. '. The · result• . obt~ine'·d •-,is-.,. in, ·ha..rmeny.-,~.rith; ·th~'.. 

work of .;Rosenbla.t · (19:L_3)·and ·ol ·Li~·sJ.£1r, .. (l•916J •.. -R~een-..:

bla.t (191:5) :'"demons-trated-di,a~inct.i~gglu.'iinin$,,.fcorig~een 
• • ' .' • . . . "_ • , ' ·, , : , ·- ·, . ._- ; . . . .' • .: . '. . _·. •. ' . ' ... . . ·. \ - ·· .. • ·: ·.- , . ,·' .' , . - :·• -, ., . . I 

. .

and oolot-less_••fo·rrna ··Of-,,·Oh1o:tell.a.•:Protot·llecoides:•·, .... ~1.ealce-.•·
' '

·~ 1916.,)·· could, d:etee·t,::~Q'iJJero~ogi_ea.l·.-ditterenoe·• \betw,een. • 

a, g~eer. culture grown- J.n . the- . de.rk .and·. a, · col:orlees · ·to-rm, 
• -. . . ., ' ' •· .,: -:,· . ' ',,. I , ..• . . . . ·,;--- .. ·, ____ ·•;, .. •- . . . .·. ', ' , ,· . . ':·- : ,_-,; ·_, '- ·,;. ''.· ·', , , ,; ·.;~ 

of the same> org~mism;., WhilEl ditf erences/ could ,be detected 
• j,. •· ' "'. • ..

bet We en tb..&tle a.nd. green•·· cul turee . grown: in t~e ... 1I ghf o 

Re concluded,tha.t-it-wa.s n,ot -.. th~-px·_es~nee _or··~bsene~• 
of chlorophyll v1hich Wa.s .retponsible .t.ol'",.the ,eerologi• 

. ,, . ' .,

cal dit:f'e'_ren~e . i,etween,: .sr~~n a~d col orlea~. eult?~'ee-
of 'the. ·same.'e;peciee, :but' uie autotroJ)~C or be~erotr,ophio 

. mode of nutri tlon conditioned thefepy. l'his ascri.btfe



' '

the difference between ·gr~en:-and: c:olorlesa · cultures• 
. /~ 1-~ ' . ) ' < I- "·: :,. :

to ohemioal· chan'gee.,i'n· the .protoplasm -more- .fundamental; 

than the ·mere .. a.bser,.ce, of\ ch1.f,rOJ?hY+l, ,which: Sherwood . . '

(un:pub].ished -work) }laa ahown·:.is:: tlot·• ant.igenic· •.. •·-·Refer~ 
,'· ,. ' ·,_ - ·,• __ ,_:,.:-.· .. ·c ;· ' I,--_-.', ,- '·.' ; < ·. ·_: I -.. \, ·• 

.-··--: ,.·'_·. , 

could be.found. ill 1 $b..i~ ' one , in_atance· ~e·tween·t'he hya.lfne 

light form.·a.nd: the ·normal green·: .form., . . Oompar1s.on .. with-
• v/ 

' . 

that the-hya,11.ne ,;+ieht >.to:;wm bears •fl.· -cloaer antigenic 

relat1.onshiy.r··to.• ,th~i._normal?:g-r~en·•_-.. f01~-··•than·,·does- the- -
• • ·. . I~ . . ' . . . ' .. . , , ' . , • . . .· ;, , . <

ll.yaline-·,. -dg,rk:•fdl:'lll,c':,-'but, :rather ,indiea. tee/•that"• ,the,. method
; ': : ' · .. , .•... ,,·. ',· - ' .. . . ,,·. . ' . 

gives_ ... suclt···Va:r:~a.j.>:le:,':t"esults•<•th~t .• -grea·t;,eautl-0~1·mus,~-

be exerc':ised in drawing. cono;J.p.fJio~s- .from- a , ~mall $er~e.s·. 
' .· ' ' . ' \ 

ThEi- -oytotoxin .,reitc:tion·"ba.a,,. &hovm,,.:the:1 prol>a,.b1e -_1dep~-

t it y of·: :the>' n.o rmaJ.; . ·green,-. f-orms ,' 'of. the•.:{fo1and ,.::;: 1'urt ox,... . . 
' .· ·. ' .. _· ' ... ·' -: . ' .. . ', . 

and .. Jewell•s;tra1ns.1<<··~e,\,,J.el~.- ··horn,,.of ·,:number,;57>•{table

6) and. the ''!-'ight· horn· of:: ·hun.l'bern,Z:,9,:.;eonfi.rm,·thi·a , aa• ·to 

the 1-urtox and :Noland· strni·ns., . "put .the .. -left .h_o t,n. of. 
< •·.::;·.,,,·,, 

' ' . '. '. ,·.

number 62 -auggesta,.the.,.:posf3+bil1ty of! .eu'bgro~J?e, ·with~n •. 

the two main grOUJ)S ith?,·t,·l;1ave,,b_een,,<~t,tablis~.~A- in.this, 

ltoweverj.-.~he .. r~aul,ta_ of'· 
. ..: 1..' ·. .': .·

Dale.(i9l5).with multiple·sensitiza.tion sllouid·make us 
' · • . :.· • .·: -_ ... -._-· '._' .• -. . .. _, , .. . ' , -,,-. -'•_- • · I _-:1·- ._' ,·:; :'":,.:·. _< _· ·, ·, ·- • 

cautious _about d>:aviing· conclusi·onsas -to -identities. . . . :· ... :- . .·- .. ,; '' , ... ' :" ' _-•·.. } .- ·,. ._· ... _ ,. _; . . •·· . .,_ -,.. . 

baaed upon a· r,upJ)os~d BJ;,eoiff.c ~ese~_eiti.zation. •·-.. He 

59 

found that a. non~er,eoi:fic dea·ened.tizat:t.pn r~~dily occurred. 



One ex_am:ple ,,will·,:suf'fioe. -·--:A ·· vi:rfsin ·-_·-gu.inea pig. -was -•sen .. 

ei ti zed to- a•mixture .qf,-horse .. sert.mt, sheep· se-rum;- · and-
• i ·• ,. • ) • 

egg wh1 te. " ,~t, the-· a,ntigentl ,,ere :t;ested., 1ir1- t,he- orde:r-

11 eted, .·· a -:rel:tetion oov.l.d·•be obtained to~aoht howeve-r~ 

if ef;{{- white/were -S1ven•,.f,i.:rat -no ,wesponee- ooul'cl>later: 
, ,, • l 

be obta.in_ed<tc e5.t~e~-- of _the-f3.e:re,. -.-.. In··numbers, 37 and 
' '

59 of table--•6 ,a-;common,,•tintigen-ts· -indieated,-·,.but- whethef. 

th.ere -is iid.entity, or -non-speei-f:t.c deileneitization can 
• •., . ' ! 

i.-- .. - _ 1, ·.,, ·:. -.. -i·_:-. _: .... _; , 

not be -determine~ -'by,: t,h-:tja-" mea.,na ., -,, .The .above . sta.,temen~
1
_i 

a.leo hol.de -true -:.for· thtl:n0:rmetl.green:.a.nch-hye,:line light 
' ' .

fo:r:·ms a.a reaeting,:'ln,,the-·lef.t. -h():rn.,of number.•• 58 •
. --• -.;:-:: .. ·,. ::' 

The si$nificance·--· of. results · such, as .,those obta.ined 

with riunibeJ:-s,;·,42-,·..,43·,>•55.f-·· 6l,'•"and68- _of .. -• ttrbl-e1 ·6·· 1ia-- not-
; .. . ·--_· . ' : 

' ,'. .- .. ·' : . ; 

und.erstoo~.-,., ... ,fhis, hae 'O?ourred• too·--frequently,. to -be. 

an_ acci id entail··· :v~;:t:1a:tiont"':;•$pecif".ic>,..aensi-ti:ta,-tfon,,•ia 

proved with·· or.;.e >ho:,n. , ;. --'J!b.e ,•.'other.,•\horn·,·2•f•,$e-a.ted1,t,:L1ts-t,. . . . . '

v;ith a.nothet'. antigen.- --doee .··not- -res.ct to this ·a.nt.igen 
.,

nor la.tEsr to< the homologous: .one. I,,,-- .·.' . ' ... -·_ ,,_ ·.,-· ;,··-.--, .,.· • 

~he_ gr_,~r .vari~~ion, of'. ,a. met¥t?~. bae~~:':1P6n-_ a.rt. ex-. .. 

per~mtl~:t~; aJl~ma.l he~s be~n- einph_a.a_i z.~~ ~bo:V-~.. Oompa.:,r~ !O~: 
' '

o:r nwnb!rs .4:~, 43, e.nd 55 with.ntxmber 60 :furnishes a,nother 

example. 
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~he:rwo~o,i, f:t9'25f-,·haff,-described, [t- iibe:re,.tlon-'"ot-· 
r , ,.,

• • . : I ?'. _' , ! ) .' i_ ·1 _.. • • • , • • . i '• • j ; , l • , 

greeniab-yel:+ow--pigment· .:froro ::the . chloroplast$ -of: .. c;er:. 
. . . . ,. . . ' • • • • . . ' . ' . t ' . . . . ' . ' ,' '' ;. ' .. 

i f ' ; ;,: ;

ta.in ll:igher ·-pl.ants ; which .. was brou~ht a.bo~t,
1

b!-'the 'se),:U.lll
:, :i \

bf_ various --e,nimala in -the · presence ··. of: plant, ·extracts•· 
' I I- : • . \ :~ '- . :· • •• : _, ' . . . • • ' : ' . ; ' ' ;· • •• • • . , , ' 

Tllia-,effect;-. : ... whfeh-he-.. -·cai·ledc·'~CllJ~~:roly~is~·, •..• ,.;waa , not,ic-~~ 
' .. '.: ,,;_,, · ··,. ; ,' .·. , •· .;: ,, ' , o'. 1•, · .. . . '.; 't,i ';. ·. '' ,:' ,· • ' :, : 
able --after•-.one.--hour •- a-t ·: 3?-··<l. ,, and,,'did, ,not: .. occur .. without 

I ,, ' • ,j ' •• 

• \ :, 11 

the plant -extract. ,· .... •Althougli--the .. \votd., .. ,~hemo:i.ysi -stt. fr~m 
I , I ,'

whioh _-•.the-·:·term ..·~al1ioroiys,is•t-- -wa.s :, 'co'i ·n~d,,-.,. ·,COl1Ce:rns -:·: only 
• ' . • . - • ' ' ·, ' • • • , ' . ' .f 

..... ' ;"

one :pigment~ _·t·he""·+~tt.er term 'wa.a int_end~d to cover ·. ~y 

pigments ~nvolved. · 

El~~re·. :;(1928) .. ,·adopted-•,t:hia -·- te-:rm.. ,for, . 8/, r -esult .. ob-:: 

'tained·-·by :.,th~ -- -acti·,iri ,:,·01t~eenun,:.,.alone·. ,,, .. ,,,:;,The -<Preseri.:t ,. ·~e<rt·1°011- .,.
'-, .· . . . . . : ' _-_ , 

ie .. 9t_·. tu:rtltel':',· StUdy,\•: ()f,, •: -~bi'tr<phenomenon~,,.'.,,\vh.i:oh·- ·it -:•~ill ,·· 

be shown ·:ia not ~dent1cai with that de~cribed by fJher~ 

wood. 

Experimental Work 

' ' ' . .

(Elmore i928l been fo~hd that .. eugle'ria.e killed .:tn<. -various . 
•··.'\ ,: :: • ._ . - • , ';•·· . · - • • J • . • - - • • · • · ., • , •. • \· . _ . .. • I•':•• ,., ,': '- •

way~. u~derwent ,- ·chlor:olysia·0 whe11: -in· :co'ntact -- with-- eerum~ -
'.• _ u : • • , · ·• , • • -~- • • • : · • , •••• • ;· '.·-' • :· • . '. . • • . -·: - · :_ · , / •.· ·' · _: · • • t , ' ; .• . • - ·:·,·: -.. - - - .. •• , . : • ,- · ,, :- • . .. • _. 

Such ·o~~.~l:'~:L,y~;is b.~d -. !i~t_ been -.~bta.ined .. with .~~c,ellular,· 

algae .hea.te~l ,to t~e . ,temperature that,. killed, the, ,et~glena.s. 
,;-,•., _. .,• .i ,• · ,. : ,.- -. ,

Hence. a . study of the effect of hea.~ on these orge~rdsm~. 
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was uride:rta,ken. 'l'a;ble'_:-l ·gfv_es· _the ,~hermal -.death :.J.JO'lnts, 
( , I ;. " , •, •

of three :unic~ll11la.f_·19,~gae ,,and, one ~pecles, _of ··euglen:a., 

· determined.,,t,n ;the-< usual .: :way •.. 

••~eavy:!".'suspension 1 :Qf·,_,:th.es.e ·organi'~~a:we.te,,•Jir~pared •. 
Ea.eh, wae :hea.ted:,.to -~:t" .J ~he·r!Jla~ ··d·eatlt•)Pp~nt; .-and ino~paJed 

',· ' ' .· , : . .. . .. '

. with a,n ,eque.l :':qu,a.ntity ,,. of.-. ,e~I?U,111:, ,· .'.:buJ: again ·:ehlo:r.qlysfs 
• . ' .' , . ' · • ._· . , . . I • -~ , ', . . . ~- - : • ' I ' , < • \ : • ' _; ..,; • .' • • r .. • 

o cc;urred- .onit<ln -· the,,•-~a$e·,J)f ..... the' 'euel-e-nas. , •,,~,,liow-e,ier·, -
. . ·:· . .. : . . . . - .' . . . . . ' . ' . . . . 

w~en' O.hl.orel,la,-sp.-,{#Y,15,), ,iwae · ·llea.~ed-·r.o.:r:' thitty mhtutee 

at . 5.6" to \.,e Q'...C,.),•f e11ioroiyfits.,,, thou~IJ, 1e~.s • in• qtie,ntii: t y~ . ' ) . ' .. .

via.a. i,obta,ined::.- .'.}-u~t :• S.e:.- -~1th,;_.the;. :eugJ.enas·-heated- only .to .. .. . ~· \,,· / ., ; . ; . . -_ - . . . ; ... . :.._: ; . ' . ' '

their·_ .the·rmal·:,. d~ath·-~}poi-nt ,; :•\ Lt·~ridently,·,,,1th',,,thia:,.:epec±es 
,; ·, • : • ' '-, : i, • · . . . . ·. • • • •· ;" _. ,-. . ·. ' • . ' •. ' ' "' • ~ . • • ; I .• ·, • , • <

of· Chlorel1'at--· d.t ··,•i,s•,;,lle~-es!tary,.,,to," •he-ltt,-.·.,•to, .a,,:.tempera.ture-, 
'\_,·· __ : ._.·.: __ . · , ' , ' · :· _·_,_._·_. ·-_:·, .. :,;_ ·, •.-" " ' ' ::_·:, ... ,· . -- .... _-_ -, · · , .,·. ·:. ,,, ·. ,'

somewlla.·t above ·-_ :t,J1e·. -~h~iina:J.:, de~~th(. ;_·point · :tn , or~~'lt t~ ·.' ·
,. ; ' •. • ">

ChloreJ.l~:;,, ,sp.::, (#'.-,J.·l)·'":•anclJProtos!i.phon,i·l>otryoid~s:~::,, blll-o~- -- ' 
' ' ' ' •. _·. ' ..; ,, . ·' ' ' ' ' ,' ' { ' · , ·' :• ., ; '

olyt"Ji fl -could:>-not··•-· bes,. tlb'tai·n.ed•i·even· e..:f.t~~;, ·hearting'··-~t ····-'75~-.-. 
• . . . ·. . , ' ' • ' ' . (. . • . ,' , ' ' \ .. .. ' ' ' • ~- ' .- ,· • .- . . ' ' ' ' i 

' ' ' 

to 80°:Q •.. tori,:on-e-haii,,1hot1t'.~<•" W'ith'-' tb.e -:e11glenas ,, the-•·amou.nt 
• . • I 

. .' ' ' ' ' ' ' : ·, .:': . ' : · _ ,, ·_' ' ' ;_ ' . ,,
of ·ohlorolyeie -was only,.·, Bl-lghtlY\·gr-_eater-w~th .o:r;ga.nism~--
·_ _, - ,: - • - . - • - i• - . : • ; . •• ' , L. - - .~-·- ' . ' . . • • . __- - -; •.., ... .

heated for te11 minutes at 60° O, tht:tn \tlth thoe.e heated . -

at 45° o•..

.',: Xn- ,ad~lit1on to the· unicellul'a.r . prgt3.nisma tn.entfcned , 

above • : almila:rr· .'t .es-t rf.:;,werit ma:d~': Wi tl\ ., t ht:L. -~ hl.'.o:ro:pl'a.$ t e
oonta_i11ed. in, fin,ely .. ground .-suspenaioris ·, of.,'le~v~t:; , of : 

' ·i. • ', • . . , • ' . ; . 1 " · : 1" ' •·, ' .., /,: .,. , • - .- .. _ .. , . '• -~ • ,' .; :·1•····:· , , ~- - .. ·., " . •:' '>-: , •. "

·\. '' '.· ' · .

a~d - the qommpn br~1ad~lea~ed ;planttdn '(P.l'ant·a·go in'aJo~). ·.-
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Heavy..washed ,:, aueipenai o·ns, .. ofc .,·grounff,,·l :eit;v,es" ..... fl"0:--~20!,. ,%) ;
' . . . ,· ,. · . . ' ' . . ·· ···· .. . -. . · , . ··. ' . . ' .,

o-0lOri•Of .., •the\,:>superna,tant<:f .ltti-d,.•was :sl1ght-,,a~l 0<c·ompared•.

to the· Vlr,ry. 1ntenr;e(-blu-a-gr.fl$n· colo;r resulti.ng :when , a:.
. ' '

f ! 

hea t-l.dlJ..ed•·. ten ;,per . o _ent . - .euglena.· .suspension ·:~fl;B•: "inc,u~ 

bate.d · with ••an.: .· equal ·-·or:;-,mnal.ler, -quan•tit-y,'. .'Qf:-i$eru.rn.;:-. ~;' Serum 
' r ·. -~ • : · • , •••, : \ , _ • • • , ' I • < ' ' ••

wa_s ·., necef3Jla;ry,, f ;o;t"s•·Chl.-,G;rolwsisir -·a 's : .. :$h~wn-.,by .;"· the,··,. f act ..t~a.~:·< 
the. con_t:rol:!rtu'be··o-ontal nfng .• ··.·•·.o·,.9c11er ·cent .. ·•·•· sod:Lui:n.•. chl -Oride·.

e.olution ,:. :tn-,, ,pla<H.b,o:f".'•tlerwn -in. every inE.ttance r .emained 

perfeo,tlY, . O·Ol'orless,•:,. . . ; . .

2. : The•:, ,s.eru.:m::, factor-:'.:, \;.,_\, ,Olil-orolysi,s .. :;:,. ocnui-1'\ed:,from
' • .1 · ·•. ' ·, 

every> aer,um-, •eX:pe:timen:te.d-,,.-wi-th,. , whethe~•;:,, f .1tesh,-,•or~,, -inac..
' "< ' ' " 'f 

ti vated·.- •., reoently,.dra~vm -- ,, or~,: -J;>rese,rvea.•: .. ,.f'or.>n1a.ny-.--,,weeke • .
' . <• • . . • • '

Dog, .. · gui:ne~t·i,pig f ,···~nd ,··numero,iar ,-sam1>lesj,,.ofr,htunan,.;:a;11d,. :. -rab~,..
' '·- • .... • Ii . . ' • ' • 

bit serum•.· ,:we re , ua ed •• ,:~, ,llo,,a;'?'tem:pt ,ka.s. ••ma.de,'..~0, ... 4\iil.leei '"the, 
blo.od· in•:the:,-,faa.ti:ng ;,,ss ,·tatei.,,~:I• Tb,e -'••amoun1r, >• O:C,,,, chlor-01-ya,i .s :--. ' ' ., ' ' . . ... ·.. ,. . ' '

' . \ 

vari.ed ·' with d;ifferent·,·' serwns,t .-:·as ,.•-\li:ll:,.1,,l':"idi-ieussed:\.bel.ow-• 
.·; . . ·. ' . . .. . ' . ' . 

t·t is· 'stated·ele.ewhere (Elmo'rei .. ,19'28,)).,tha-t .' t 'he~-.amount.-, . 
• 'i _ ' -.,_ ."' - •. I • • • ' ,. _t, . . ·:: , . · • . . '. • , . ..... , . \ .,_ , . , ~-· , l; ' .,. , ,.

of ohlorol:r,sts ... obtained,. with•·,-rabbit ···a:er,Ulli ;;i.s,·,notl,; l ,nclreaeed 

.:t';v·in1rnuniz~tion. ·. The;.:serum ••uaed . was,.an .>a.11ti~,eugl.ena- .. 
• , ' ~ . , .. ...... •• . .. ... • .! • ,, '",·:~·· :·•.:,:- · · :·.. ' : ·:· .. : •. ~. • •• ·• · ... . , ,. _ ...... 

. ra.bb~ t ,.r;,erum.,wi th :: whi:oh .. a. .... cytotoxf:n· .. ~wa.µ ;.·rf)a.4il:y,-,, ... demon- ,:__ 
'. ,•, -- . .., .. •' . . . ,: . .,-- .. ----~-.- . ... . . . ' ·, -:.. ~--:--· :.. ', . 

a-t'ra.te~· i~:·. ~<diiution' of 1-, 2000~ ' ai though, the>ctis,tomary. ·· 
• • ' , ' • •- • ~ • / " •• I •• • • J • : ; ~ . > :•~ • '•,• • •• • : . :-' • . •)

antig~n~anti~_ody reactlons were neg~:~~-~_bie. tri..~~ree~. 
ment'•w~th .. Sherwood (1925),. this chlorplytio .... property of 

• • • • ' .. , I • • , ? . • ' .., } !; : • .. ~: ! •· • ',- -·• ." j ·_ - '' • . • . ·t : ' ; ••.' . • ;, ' _··;, -, .J :, 

seruro was not found ih common -plant ~xt.ra<its. lnaemuch 
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..as· chloro:t,hyll.•·.ia .. ·.11.poid•,A.<)lµl,ler•i.t,.wa.e• thought··pro'bable•. 
; ; . '/ f' : f , ·: I -;_ t j ~!· > - 'i; ,I , . ·; -- -- t ( i -. ! , . : , - ' - ,;.- , • .. •I

that the ,-fi:pold• content,,-,of•···-th•e • i:,er.um· was responsible, 

for the ohlorol;y,efs.: · '!'he foll·ow1ng findings tend to 

support this view. 
~lQJJX'. (1923).·· J:Jtates.- that the .values for- tota~ ~.i;ppid· 

'.~
; 

ahow Wide . varia·t:J.ons indifferent spec~es.and<t?:.· a less 

extent in indlviduale .. ,o:f the· ea.me ar1eoiea.,., Stn9e.human 

aeru:m aeemed-•cons1etentl~r-,t,). :have-,

chlo;rol:Ytieeffeet .. th_an.ra.bbit ,>ijerum, a ~eries ,,w€u1_.ae-t 

up to better determine-· qitantlte,tive, va.r:ta/tion~r •.. , Table 7 
:; .·'·

shows th,at ·the chlorol.yti~- power io:f\ the sera• used.. de .... 
' l\j > i • 

. ', ' ..... ·.

cree .. ses in· the :following ordeir_;el~g, · hwniut,~··'•rabb:i.,y,,··,

guinea, pig.,, Bloor>(l:923},gives;.0.490, as--the: a.vera.gef, 
, ··.. .. ·. l 

, total. lipo:id, by· weight ·.per· 100 cc,_ libtema for the. dog· 
' '. ','') i 

v1i thout ·.food·· for,·,'·twenty-ifour ll.ota:ra,. ,J..iMe~the,,s,:--fl930) 

givea 0.1,;·'to •:O.i> :per-oent. a.s-•the no~aLf1gt1.re for;.;ret 
' : • ' ,. '.' ' '·; ··•.. ' . " . ; . ' ii i'' • ' ' ; ' >'

in huroan.··,,se-~.um., · .J3u,$en•r:r.T{l927J·,·r~nge .. ·fo,r 1 norms,l,,ra/bb1,s i'

; I 1\

on normill· -tee dings '..j;8.ken, • at \di.ff.e:rent, •times-, of,, ·tlte _, da,y, 
' ' . 

and ·determined. by B,ang• e micromethod is .'.Q. 05_7- .to. o.o'si 
., '·... ... ·i' '

per cent. total fat. Figures for guinea. pig W8l"e not 
. '

ava.ila.ble. 

The effect of ,increa.sed• :fe,t in ,the. serum <follow--
, . ,, .

ing_ e;,cce.saiye_ ta.t ingest;~rt, '?[a.a ... ·~tu_dl_ed:. ·, ;/\.: dog. w~~. "·
i. . i , . . . . - . • . .•. \ . .' ~-.: . l , . r ! . . . ,: '. . . .· : :_ ...• , .t i :,·,_ :,' ·;, . . , . - •. J ".· . , . , , . ;: . }_ . } : , ::.'.:: :. :"'. ii' 

bled nine hours after a. carbohydr&1,te. and,protein mea,l , 

a-nd again . three hours afte~ a mea.l rich in :ts.t. The ' 



·H:-t.unan

Rabbit 

Guinea pi~ 

4

4

4,

-~ 

2

l 

Q.

0

, *o.5.,.eo •. of .. 12.,•}l,a:u~peneion.,of 11!Uf!lenri»" 3ra.cflis- .. ~n .,. 
0 .:9 %sodium ehl.ori.de.,.,.f3ol.u.tion•.,<was· _,added: ·to..vQ:.• 6:. co •.... ·-,>., 
o'f the ... ··a.arum. diluti'on ,, indicated,. ,·'1;,suspenai·on,,>had•·been,,··· ... 
lleatea .. •····.in ,·a·.•·wa.ter .ba,th, .at ,-50°-· Oi·•··· for-·tenm,inutea •.. Xncu•
ba.t i on-····:perl od. •,:·1½ ·,heurs ··a'b,Z, 7~·-0•i•'r"•t-'ollowe~·,by·.·.·.,thorough· 
shaking• · ,hen ::J4 hours · .. in. ref rigera toi--. Figures re pre .. 
'sent a.rbi t·ra.ry degrees of c;hlorolysie. 
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:chlorolyai.s•·.•.renult:tng!••• fi"'otn·· the:1.a•tt.er•. ,serum .,r,a.a:.1nu.eh• >
,.· •• ,I . 1 '. .<.i . , ' ' .. , '· ; ·.: . .'• .. •·· .. •',: ·::.:.·•·'_',,:';: .. ·'. ' 1

greater.• .. •,The ... .t•.eat.a ,.with •the-two, ,sel'\s,(we.re .. ,.oax-~:L.ed,,ou~
:·. ,. ' .., .•, ' ' ..' . . '::·•_· '. ·, -;. ' ... , ........ ,., . ._·· .
.a,t, the: .. ~ame··•t:tme?anc};;the.·.•tubee, lte~d/.1.ll'\t\' compar~ .. ·tO~~-
AlSo, · fa.tty human• , sera,· -had a,. g:r:tJ.~ter chlorolytic effect 

·.-:'.·...•:· ,..1, ' . ,. ' '. .

Oons:tder~ble •Chlor_o?--:rsi.a •· r~aul.:t_ed •. ;from·. -~.n >.emulai-.on ··· 

. containing •··the;•]SLipoida,e~tracteti.• f-1:.dm · -ee:rUln• •·b;<aieohol 
,, . ·• . .· . . . . ' - . . . . ' ' . . ' .., ~- . . - ,· ' ,, 

and ethe?',·,fo1to11ing the-•. piethod ·.ot·.•li~o9;-. ,.- 'l?elk~n •. and , 
)-/ I .•.. ·-.. :_ .f _ _··_:.'.·-_.· ·. ·>- ., -::, , , . ,',·,;: .. , ... ~· • • '·· ... , ... ·, - ... :, .. . ,.,. • 

Allen .. · (.1922) ,., :: .· ·.'rhe·•.fi:ktra-te-.:wa.s , ·~V~XJ?~a.ted,' ,a.nit :SV.ffi~ 
.' . . . . . ·•· •. · . . ·. ' ' ' .... ; .• ·, ;- ' . . . . ,. • . . . ,, ' ~-. .,.~ 'j / •

volurne• equ~l:.to, .that •.··ot· ... ·the• .. or.igine,.1-EJerum, ... F:rom- these 

exp erimen•ta , · ··lt ., appears ··th.at, ·the,,arnount,· •. · .. of, · the: •.chl or---.. ., ', .. . . ... . . . . . '. ' .• '

olyaia .. var~ e~.->:y1itll···'t.he·,·:-,;iipQicl:" eon-tent,,i •,or,,:the,,.~.~tiun .,used • 

.A:> .4:na.l~ats ·· of resulting- sunernat~t flu.i.d_,<.·"" 

The ab.sorption·,.sp~ct:ru:m-.·,of:",the-,,·eupe~J?,-atant··,::elt.d.d-·r ff!.c>p1·

eugl ena , _•• chlorolyai,e•> was:.;cornpt1.~ ed ·With"· that::,.of,·,an,:a,l•• 

coholi_c· .. ·ex.tract·•·.··.'of' ··fresh· euglena.~, ··uaing·:··a J1pect~9scope·

provided· with-a• -comparison prism •.. • .. :)lhe<•two:spectra-. ,were, 
fl· • O ,I .. • l '< ' •· i 

identical. 1 -Thia. lndicates· that. the chlcroly.Jed. p:igments. 
•·· . . . .. . . '• ,. ' .. . "· '~. ,'· · ..-. ..~ . . ;-·.' .. .. .,
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a.re in true· solution, for. in colloidal·: eolut;ions., ,of .. chlor--
• • • j • .. -~' t. . ' ,... . ... " '•· ·, ; 

ophyll the .. absorption bands. ar.e. shifted )to the reci: :~µ~t·.: 
' . • • ,, ; •• ). -.. · . ·,.,,: .· ._. .· .. ,\., ... " :?.· . . :-,. .: .• ;_ .. 

. ·,· ··,.•.' .. ,·.-.:·· .... ·:.' .... '

of tAe. spectri,un a.a compared to those of · a, true. e'91u;tiQn 
( Spoeh~ l,92_6.} 

4-.· · R:3-te. of, chlor,ol;rsie ... The above work wa·s. oon--

cerned merely with the total amount of chlorophyll that 



diffuses ,, ·Qut rwi·thin•:,a ,,:defi~i.te ;•per~pd ·-of•·•·ttme ••: ! ,,,,~il.~,

i ·1:t-··: hae been·:;'·shown.,;J::mlm-Q·Jfe ·il~a8}t :tliev:t·y•t ·he,,r;e..:rn¢unt,,: o-f--: ehlor,- · 
• •- : • . • • • • _· • • - . -• • • ,- • • , , ;_ . --- •, ' . ' , • I • -.. 

· oiyslts :Le ,:not greate~-->fo:r-• -immun:e ·:·~htih \·,,fQ~;'•.fiPrtn.e.l·r- ~erwn,·· · . 
" _•.- •• __ -: · ·, , .--·.:. · / , ,' . "c • • ' , ' . ' • · ,'; . f :' . :

1 the :t>o e'Sib.il:lty,j:tematned, :.,;~hat· imrnuniv .. serum.: .m;s~~:': ·-br,ing i · · 

about: mor.~'.' :r ,a1>i'd,chl·O:ro1re1'~•·''&ha,n,: ,:ml,l"lJ,lal :! ·s·e~;,1,';,',:t.rre-

limi~1ar?;'_•;e~11r ,; '.ime~t e:, :a~_Qwed.:.t~~;t \•'·f, O!Jl~··r ,ehtoi:<,p~~~;~: wae:-
. . . . ,· . . . . . .

:~.ransrer·~ed~- ..1t tl:",;th<t 1 '·~e-r-µJ?l ~,;:wj.thi,n,,:,,;a.~,:•f ;e\Yf1'Bef~1nd.-fi;-:-,•·r:,·:~:"+fl··o~der.·

·ttf. ··study\J;lle•,,f'x-a,te'!:,at:- -.:whicli:,.·~U.,ffuE:ion.:·igp:eer \on \ax•me-thod, 
' " ·• : ' . ' ', ', , · • · '' • . . . '. ·1 • ' . • . ·.' ·• '' ' • : .- ' ....- ' ·_ •,. • ' • ' •

:,:wa.ll 1 workea., .. outl by', •mea.ns : of\ which ·the ,, procese,,;ie ,·alowed 
' . . .. , . . 

iciown ·.· t,uffici-e;ntly. :,.~.o ;"reoord.,·tnec-ear~y:,, 9h.tt.nge~.·,,. . . - . ..

·; The'···me"~ltod\;,eonsi-s:-ts ·.:-or1,.re-pee,.tedr<f;t.1.tra,t ,loris,: ;·of . · 
.. ,. i • • 

' ' • I ' I ' 

-the : ~s e .. funt•:•t'hrough '.a ,., pa.d." 1_of.;. -a'abe.~to S/:"f i ;'.ber,f3·,'.,;'01n>: Wh-i ch0
• •

u~4 ena .. · e · o:,: :, O't,ller>r:• cell:s ,,a,:r.e'.:·held, '.:-in ,: a~, :Goq t:h; ·)c ible. 
,# • • ' .• . ' ' . ' • • • • • • ,· . · · , ' i 

·-withi .. the., suc:t-ion ,applied•• -~;-cc,, ,-ot-.• 9'. ltlO:."·d1l.u:tion ; of 
' . . ·- -'. _· ,· '. . . -~ . ·. _, ·, . ·.,-..... • · .· •. •; ·. , . . . ! -_ . -, . • ... .. -_ •··. "/, . • • _·. 

a arum ·111·..:.r)hysi:ol]>gic,~;l. •'•·1aa·li?1.e " flolu-tion-were-,,e.dd;ed-.
• • I . . . ,( ... ·. · . ·.'.: •· · • · ' -·. 0 

The· 'f iJ;tra,te ',. WaSi: :COlil.ee,-t:ka, ::Ln1
" ~ t .est ,:•rt\(b,err andn ,t ,he,, time 

.. :'· .. ; _. _.._·.· ' . .· , ' . . . ' ·. ' ' .- . _.· ·.·. ' - ,

ttt t .he .. ·monie:nt;::of;·, . .;z•el.eas·e: c:·o!\ -· au'Q,tlo-n-.: When-,if:i-l:t.r~tt on-, .... 
; -. .. . ., . , ·· , • , ,. . . ·-

Aft e·r ._ ea:oh· .. iftltrat i .on t. the,, .;f iltxe.;t e,:.wait. 
,. ,. ·-.'•, _, .,;; ,; ~- ; .. 

: \~~dckl! ~1~t~hed' :i'n ·•~ :~mnp:a!at.or, ~v~_t!t:_,'a ~·t~~n(la.rcl tul:>e,

a.nd the :r11 trat ion waa then :r:epe~tecl.,
. •:'. •: -.. ... ;; ;:- . ~\ ·. . _; :. . 

i•· ; .. ', .· .<-The:..·auiount ·:;·oti:chlorolys·is .: ,a.f.te·r :;eucc{tniel,,tf:/t iltra- · · 
:tiQne ttae .determined .by .. oomna.rieon ,w~tb ·a ,eeriei of .. 

<·· ,- • · ._ · / ~ ,' ,.-; ;,-·• . , , . , ; _•!: ·'.· ·; • ... :-1 / 'f- · ,' · ,, . ,i., ,,; ••·.' . •: '. '.~' - ~ • .. ,:, . . . >:,·; .. :. '.~• -:.,:I•>•· ;i _: ' ,/,,.; • ,~/.i• ' , .I .·•,.-.:- .I~-, •: •

• • _1 ' ' • ,• ' •• ; ', , · , · .• ' . .••. _: ' · • 

. ~ttu1derrd,.1~ql1.1~i. on~ •.. .~tandaZ'ds, ,prepe,~~d frorn. ttn:, aloo• 
'·· •;• .- •-,• ·' , . •· ,•1,· . •• ·. ·,' '•• . '·, . . ,. _• ,, ... : , • ,:· •: • ( :/, ••; ,# _:... · ':••i i, .~::·· •.i.•··. :,.•·,} i _,• .. :_l . <t ,:•.·,.•,J.: ·,~-. ' ;· .:I i \ , • •,·• , :_'. : ._ .· ••

1ho~~o ~~~r.a.ct 1 0~ were :,tQ~.:y.~l~9W,· :: )Y~:11~~:•; f!xtr~cte 



of .chlorophyl.1'. al.one ,were•;too •.blue tot , eat:i;efao:tory .. · 
:-· ,.- •·. _- :•·' ~. _: ·· _-_ --. - ..' - -' \ -- ·.i .' ' i \ - -_-;,,: j ·i' ( '.-:"::;, :·, ·'·>'""•' :. , ! :... !_; • 1_, 1 :" -.::--~·-_ . ·1 >.', " ' ·. • 

compar,iaon •• .,. •,l3y ._tlte .~e~hod:.- of , Thatoh~r .. (-19.21,}· .. the'. chloro-
.• . ; ·.,. ·· • · ,_· .. • / .,, . c .-__ · ·.-_ , · . ~ . , ... _ . < •. ! : , --· ~~ .-,..- . , · .. · - · · : .• _,.::._~ ~;-- ; -~,·:· ,.t " -~----,; -- • :· • . ., ,. . ' 

•pnyll_~ ,:and.·.yellQW·pigmentai,:we.:t;~,·:S·epar&ted, i.;an~·,':.he..lf · · 
, ., , '.! ·; -~- • 0. -~; •..:. • • · • ' • '- ·r· •,~--· · '., .,. - ,,. : .- ,,. •~ .-- . .. . •. ,· - : · • " • · · \ ._ -1 t \. ;- , 1. · ., .. 

of ··• ·the· yel:Low• pi-gmen-ta:,:-:were .·;:1,ut,, ·.ba,ek.::,-,w.1·tb- ·:tfi.e.:,ch~.o~:t'lt:· 

.~~yll. , Thitl gave , co.3_;0~ ,~ta.!1~a:rd~ :;i.vhlqh. .cl~e~;y rn,at9hed

:in , color· ,.the so,J.uti:on.·,•obt~d.ned, J:,.y:,.. ahlo-rolys.•~·S:.t~ ,, /l'he 
.;. • .. . ' ' • ·• ·1 , . • • . • • .. , • ,, • ·. r t ' 

' .. - . 

. standard· S:olut·i-on, :WaS'.\b~ought:oi ,evapo1;a~tt-0n: ,tO •·,O> :volume 
• ; . .. ·• ; ' . '" __ ._ ' - .• . , . 1, ...,-_ , . ' . • • • • _,-. .- . : '; , . . •. , - , • ' • 

..re:Preeent,:tt1g:,a, .\3·:·pelJ. ·· ,Q,~nt ·•:' ,:8US11ens1,ctJ11,;, pf,,,.t}:le, ..,01...igin~l -, 
. .. •·•' . ' . ' ~' ' ·- . / ._,-'. . . . . . _. . .. ., , • -. ' ' . ,~ . ., . • • : ' •, . ,• " ' . ' ' ... ,, ' ' ' .' ' ' ' ' • ·• ' ·•.

•···c,_ells .· ,f',~on1::.'1Vhi•oh··i,t : l1t1;.s•,.,,1;:iteJ~are~,. ".i·,~-~in~.: 5.0, _,p:e~-• ···•·~ent. ,

.methy1 ·• e"lo_ohol ··af:.l · Et -clil-uent,; ,<•; a. ·$erles:. ,of.,,.·,(?Qn9entra-ti _on&•·
' . .. • • f • •• ·• . • • ' • 

. . . .

·· waa . :rn~.~e,: •pa.a~_d u:pon --,t)l~s: .-s-t.anda:rd :.pigrn~nt,: ,so_l,ut1:~n, ; 
ea.eh. auo9e~eive tube ,,de.orea,sing by ~.p:proximately :2() 

per cent •. 
.:.·~e, ,..~esutct~/f~.ft·,t~~:S1;:,,s~udy,,:,a;re;, f;l\Own·.·-ir1,;,,t,~e:'.' Q(}C~m• :·

t f'" ; 1 1, \o I • \• I, < .\., • j , ', -, 

·· ·panying · ,·diagrani , (-fi~~:e '._· , 8}':•·'"";•.·The:··· ,ra.t ·e···•·•O¢'/'.' ·~~~·:o:~9ly~.i .:~;:·. ·-

18 .s.een ·,to11·be·1·ncl;·· grea:-tet''/. W;f.:!th·':·i:mm.un·eH,'than-'· twitll. ·•l'lolnllal.·
'- ', ' ., ,, ' ' ' .. . ' .' : ':-' ·, '. ·' , . ,· ' _: ; ' ....... , ..: ' . ·, . .· ·.

rabbit ·.'a•er\rin. · t\ .'W'itlt ··b.W1Jan',>B.erum :the diffusion .it ·. :more 
... . ' . ' ' -; ' .;. . ' -· . 

, : . .· . . ' -·_-. ,.·-- -.- _. . '

· ac.tion· :ofi', serum · alone~ ·';" The: ·fa.ct :tha t ·, ,±t· ·1tf •·hot,• increased · 
' . . . . , . '• . . •· _• · ' i • . : ' , , . " . •• • • . ' ' _0 : -~ , • 9 " • J •... • I •• • <' ' _-., • '. \" c ; , _ .; , , . • , ' .' ', , ' .: .• ! C ·< ·,

. bi ·the:: ~q.q.tt:±on•. 9f ,_ P.~~~l~ ··:·ext~~ct··,.~iet~~gµ~:S,h~t, / ,1t'··f~om 
the.t. descrlb,ed. by ·•· Sh~r\Vdod: (~925). ·;, $h,erw~,od, did- not 

I l, • .·.. , ..<, , .', _; '\ :, '. ' ; ', · , , ,.., : .~ ,:: i:- :::·:· :,:_'.' _.... , 't ·. • ., ' , -·-.:, , ~'• :,· , '- _,'. _.,: ; , \•• · -1:•:·•· ,· :.,.__ _"; ·> .. _,·, :•• .•• .. ·· , . .-.·.- .:', ~~- ,. ,· .;., "r
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the' more· d.i'lute:-,ohlo.r.c,plt:l,stt.au{lpenaion· .. with\. ,vhtcll.• ,he... ;. ' . .. . ' . ; . . . . . . .,. ' ; ·' . ··.. ' . •• ' . ' , - . ,-: ''

worked •.. ;... ' .•Xn -l'e:pea:ted/.;attetnpts :"f;(f r;(i~tplio&,_~·e:;•~ni~ lr~el~U:tts:•':

the ph~nomerionJhe· detlcribe_d; -ha~: ·l)ee'n:/ops e•:t:::'ed',,pn1j,y ti.f'ter 
the t~,,~a·· ;b.ave.\S'bobd<at-.·-Jldw.:',tempe·ratu!~·: f,pr,· :2~·,hoUJ:8•'·,

ol:·'mor1'., ·.;Ari··· incul>atioh. ,pBr:iod· ufp to: :· four .. : houra ·l1roduoed 

no rihan~e, ··,'but . -~f·tev: i.sta.nding. in-· the: 'J:efr:t~eratpr rtor· 
72· hours the- t1.foe _ .. ,,oohta:inmt1g;,,p;,tanta.itt•iextt_re,ct: r,d.n ,ad.di.ttd.on- ·

to s'e:rwn and· ch:Loropltt~rbs•·:wq,a· ·-d.istinc-tl.y-: mor.e>'yeli-~,v.ish-
brow:n. wlith ·-·a:. ·tfa1.ge,, ot,'.+green,:tltan·.1 d;lie•.:etilor: :oon.t.ro:t,. 
However, ,-even .aftet .. ,.:on~ :,hour, or·-.,ihcubation, ar:bl.ue7green·· 
color in tlte· 'control., tube .. ·with- seruta .. ;and-·.cJ1l/otopls)a.ts. 

·atone· wa·~_·'always_','clete_c·t·abl:e\1f· a'·.·.aufticiently• hea,vy 
chl o·ropla.st ',SUS!)en.si.011, W8,;$;i,;\tsed.

' '

'th'e ,t'o:t:a.1': 'aznount ·d'f .· :·enl: or o:pnyll- : ;tlia t - 'd:Lf f''Ufl'e S', •·. out· 

du.ting .·._elll'o:r-olysis;txnu.~t• ... iepend -·primaf.ri)l:y)i'upon:,.:the'.,•.;<:'ottt~ 
'.~·ara.~~ve,,/·eolub'il-ity'l.,o•r·•;\,}le:,, ..o/lt1ora11hyll>•,i'n··•·:t}1e•,i,~ed.:L:umj,., ·

witllin· .. ····and,'wi thout,.:,th:e-- o'el.l',,:)-='i.·When,_ ·wi.th,'s:bnilar"•·•Oell: 

sue:veru,iona , .. '.·~ne, ·sertun, jroduo.es--.>co~sidera~le/chl9;ro~~si e 
while a~othe;r serum. x->rodueee,. only .al.1gh't. ~~19.f<>lysis, 

lt is probable.• as: hit~- .. :been ... dit:tou,aEe~:::~bove, ·.:that., thi$,. 

is due 'to· .. :-bltif :f,ormet· serum bei'n.g ··r1·ohe·r in 1 lipoids ;than 

-·the·• ·1a.tter. 
; ' 

·'VJ].1y{'.the al?,ine eer:um: lfel'~~.sJi~ ~i'ffer_ept';~oµ~:ts of 
t::hloro:pllyll trmn•··di:f'tertmt,ttl)ea:· ·ot; o,elle ,i'a,l~a~· clear. 

The' COJldm~~ bt tlie ·ch1~~oplif1J. w1lh;n the ti.Vin~ ~fllor~ 



oplast is de}?ated. · Zirkle (.1926 .. ). gives-, <1V:i.denoe:.'that 

l ~- is· not• in a lipoid,so+u.tion·, -.as-.haEJ• 'been: -hel4.·•:· ~at .. · 
ever.· the condftion or. the, .. Qhl.orophyl.1' within the<. ·d~ad.,:

and ~lte;-ed.·· .oellS····••W1.th·,whicll.we .. •.·.·a;te:.dealingf•,Chlorolysie 

a_ppeare ·-to <be·,i~,, p~oces•EJ-.cbY-··vt~ich-t~~ :''~~•_o:rophyl.J.,,;'i)o:n--- · 
t . i .. : t .. j • f ' 'i ' ' : \ . '_ ' . ·t 

centratlon.reE(cb.ee .·,an·equi1ibrium{t)etweetl-·the :Cell,,·a..nd-· 
- . ,.

! 

. t i _ . ·- t I I I . i ;. ;· , _ - I _ , '1

w;th··•·cond:J.tions•, underi-•Wh:Lch-.· ~quia-ibr-iµm: •iEl-• reached_. 
l ;·.'_ ·,; ,: 1 - ·; 1 "·'SI 

Inasmu_cll-. as••:U.poida,. e .. re':J):t"es.ent'.,in,Jjall-.-cel.ls,:':i't,.-waa.J 

thought. ,.of;,U1terf:¼st. ·to de.t-e1!D)ine whether, ·theamqun~ 
. ~- . -· . - ,· ~- 'f• ' .. - . ' Jr:

i e · grea.t.e:r•_••·i!n the- ·CeJ.ls · ,rel.ef,lsi.ng .. m.01:e•;chlo.ro:phy~l·.• ... 

R.e:re:,;enee- i-to·•.•.ta.~le.• ;.·.·ebow:, ,.•that.,.,.thi.a-,.. ia ,.~otua.lly-,the. 

case. Ohlorella· ap. f ll eonte.ins only a.,neg·ligible 

amount of\.,~-~poi~ -·as •~ompared~,to,-Eu.slene.· e;racilf&• and_.-·· 

to·· _Ohlorella. Bl>• ··f/. ·5·.··?-'• lt will. ·be,~eea.l.led· that'.. chl.Qrolyai f:-
i-.. ,, . . ' ;- . . . . ,· .•• '".•· ' : ;·,:•. '. '

be. obtained. with-.tbe ,,former .• - Ja9_9'tle ·{~924-1, warnEk f:t~ainst 

drawing· ·_ooncl.uai one .from--,~ork· 'With- ,pl.E'..n'.fi ,,cells, whe,.e 
,_ , . . -,, .. . , ·, , ~- -,: . '. i .. ' ' ; · ·-•, · .. ' ' ,, 1 -· '' ' ' ·· · •- . ~-' : . ·f. •. • " I .,, , y .• 

the oell.uloee cell wall, ma.y. be a complicating factor., 
J ' I - . .'-" •.' •~ 

This may a.coount for t,he .. greater. ease._· er .chlo:rolys:te 
• .. , ,, ---~ ,· - ; -,_. "'. . -- , --- ··1 - • ;,· , ·- .. :-./• · · , r '1 •• 

in: euglena.s than in unioellular a.l.gEl.e_with .similar llpoid 

aqnten:t. 

· . ;f ~hlor.oiys;e were more, lt'~pi~, with':imm:un~ :t~n 
:}'11th normal serum. it. would indioa.~e .that .the immune. 

,._ ., . ,,,

Sf3J:um had ina:reased> the pe,:mea.billty .. of. the cell _to.
- .

i~s"chlorophyll. That this ie not the case is shown 

71 



;by :figux,e a.,.,,, J.Jhe,,,,ra::~e,· otr: -c:~l.01:(?.lys:is.•••<;~e, '1~11,· a·er.:•tlle. 

amount .of. 9hl9,olyeis, ·va.ri,ea \Vit:n\the, l.411014, content, 
, ' ·. ,, ., ' • " , _: , . , '. I ',, . ' ,, c,, . : >. •

·,rr.· the. seru.m, .. ,'but -,~o -·eti'eot :,ot immuni~*li.on ,u»on·.•·chlor_. 

ol.ysie · hae ·. !Jeen f~und. 

· The: theCJ1y: ie or:r,~ed,::-"~htvt ?the>-.. cel:l:•, death,,:;o:,,,'.,f'u.r-ther •··

neceesaft·:Prel·t~i~~Y-,treatment:-, ... ~na.blest '.some,,"ch1o~,~pllyl-1··· · 

· t:-, d;.ttuse• •-,~-r91n• ·(the ,···.e~lo:rorp_!L~et1?·\'•into,.. ,thEh··J.AP-0~d,a,. ~f, ~he-.

·cell.·)_ ,Upon-;,.fCT:op.rhac~ ,,wi:t'}-1- "th~-•;&e1rwn-,· ,ohioro.phyll- pa.-ss ee•·.·•.•
I ' 

to., .rthe .··~•~l'lllU,':;±,po-i,d.~•-:ll,;J~J,,,,te,•,th~ ,~ol.n:t ·,·of\.....equil,i,'.b:rf}Ull· 

· 'b_etwe~n ,.,. ~-ellr'·c~ontente,· e.nd is,r~·•f•"· ~~}i~e- -euglen.~·S:· :teft 
.·.in qonta.ct•,;•o·v,r- -night- :•W-ith ':th6l,:aupe~nat·an·t'.)f~·~t4·d1 .from 

· eugl e't1a._··:•·~hl.orQl.·ysls ~. gave .. · sugges.1;1J:e,. ~li~:en_c e. ''. , · •~l tholJ~h· · 

· ·no:···•~hang:e ,111 ·::•the--,-eugie~as•::qou;a.;<:Oe':',,~•-~e_c:_=fted:,,,mi-0~0aoopica.lly;, 

:and ··the:r~ •<had been"no:<appx-eciable,;:lo·~~f,.Jn•-ichJ.-Qtc)phylJ. 
; . . • ,·,,_. _: : ... ·:·'-" .· :·.."•···,- ·.. -·: . -· ' .. -. .. ' . -,_' .. ·.

.. '. ' . ··_. ·_• 

from the:, liquid,,: th~ :ce~l eedimen1, ·vu.\·1?·:·dis~incJ.y ,pa.le . ' 

green. · 
i 

. ,~1 i~ougb?the-:/,tiec; •··of: t empera'tu1:e• ·:up·on· ·:chl CJ~oiyai a .·, · 

· wa~· ,no-t ·s~udied··~aretul•1y,.,.,>it,,is•••asa,umed·ftha.t .t:t.· ,wouJ..d,
'• I ' . •. ·.. ·'•··'.. , . ·- . . I . ·,, . -·. . o • ·; _\_,··, ,'

/,be slight. : : 'the .. ttm11eratuJ;e ooef:f'.ic'ients-, • fo:r;,. the . entra.nce 
• ';_ . " ' _:. . ._ ,,. .. ; ,_; ·,,' ' ·. -~--- ,' •• ' ' :, ' . ,; ,, . • -' , ' ' .'. ,. • ! ,. ' ' -: ~·. ,7, ..

of at, least., aom~ 'oftth~:more re_adily-,. penet:ra,ting:organio--
• ,. .,... " '· · ; ' .... ·r:_ .. :,;'· -•·.· .. ·,"' · ,..,_ ·•·· ~,···.· ••·.-, •.. ,:· ~ -_•·-•,;.·.• .. ,., ... < ,., · · 1.-·~- .·, · ., 

\ oompounda a.re•., .. ·iow,:,:,1. e _., ,. :.ot.·.· the. :.Qrde:r..: ..q.t:,,.iµt:1.gnl,tude cha.tac--
-· . \ ,, ' .. . , . . ''' : . '~ . .. ' ' ·\. "

.teti'tfti cl,··Qr .•··•· d.if:f:u.sion',· ·proce&e e·'3··.·rather than·· of chemical . 
. • reao~ipns : ! . .Ta.<l~)>~ _1924) 

.· , ~e .coocu.rrence.-. :of. oh.loroly.aie•.;:witn :hea..ted: e-t?~um 
' \ :',:.,- 1;.:.. '~' ./.•.-·-~·'·~,~- _.,, \: ,_''' ,,•· ··,;·· -: ·;_/.:.'·: .. ··.:..:::, .. : .. '.; 

"and ·v,it~·-h~ate~. o~lls;'. ~liminatea the:,poss'ibility: .of' 
enzymic factors. 



-'.rlia.t' .. mere,. 'cell -:'de.atb ... is' ... a :;sutf.i'.oient-,-:change./'.to 

·enabie , ~hlO~Oi~sh,,t0'.·~(1euJ;l.:~atn e~g;LE)~a~,:..,,tna{h~~tillS•· . ·.. ' . . ... · , . .. -,:\ . - ·- .· ' ' · ' 

~omewha.t ,above,'.:,the ·the:r:maL•·,dea;th·:1POirit::,'. i$,,··n~c:esea.i·y- .. ··

~or the•·1,am~.'..r ,esu;,t;,,,,i~".e~rtai;n· ~1gt\(!J,,,,:#1·.1,t~t.,~ihe~s 
are entirely -res~ SJ~Iit ,.t~, ihe ,13ertriili· i~J~C~tt,:, som.e .•.· .
fWldamenta.l.• ···di:fferenqee --in.·-·the .-mlcrochemioa.1 --$trtfotux-e-• , 

' • ..., ! . ·• >' I • • 

-~,'eil wail , have be en . :c 6ntl:i. a ~red. 
''

'?~e i·t'oreg~i~g -: ~-tudy., '.,: ·W1th , the :~xoeptto~- .of :•the- •.

~,,o_ rk -. pf.,;:..•$.ielne_oke -• revi ewed,./•;~b,ove,f ,,-.'.,1:1:3:·-:,,the,•,.::fi-rs:fh -CQfltri:9u~-
~ : .-·; ., -,. _, -. . , ;·~· _J •~ · ,::. · ·,. . · ... : ~ _ - -- • : ·,,. _ , \ . :' . ·.- :,.·;. ~, •· . __ .•· •. ' : · • -~: ·· · . • --~ -- · ! ,·: . -:.(_~ ::,.·

t 1 on • .t ,o., · .our· kno wledge0:- of , .. t ·he ··• i~unol.og.i~s~l.··· .:t,~J1.~v.i or :.'·. of 
·the , eu~le~E\s:, ,·•'.Lt,,is , t:,k,be ,,co~ti~~r~~, ~~,.,&UCh;, \r:;,, ~~·

.. · . . . : ·· -: .,,-, ) _~ r .. ·• ,'- · • _ - •· • : .: :·\· -.._ ;. ,-~~ ; ,,_· ·,>' ·· · :.· ·' .·:-' .;. _' _-:- '... :. : .i·:'· ! :, · --- ~ -'. ' ·_._>_. :_- __ :.~ .; ·, ·., 
' . . .·· · ;.• 

i •B inc,ornpl:tr:te:,; .. ·in ,me.nr-· p,la.ce Q.: and,,i,iJJ:•.,,:largely~r:;9~nflnedi.,
. " ', : • : ;;:, ', . : ' ·' •.. , '.· , .:· : 1 . , - _·· ; •. . _; \ . : ..~. ,•· ::·.• , • , •. , .

·'rh~ -.u.lt1m~teig<>a:1 ·•::1n:;:taxonolflY:·:·.i8,,;·A:•:·(ll13.88!flc;Ja,t1on,.
. -~ · -· • ·-·, .... ... ·~ · •,.· . , ·;, ', , . ·, • • -• ~ •• . , · , .. ·1_; ij ' ' ~- · -_· _..~:-,• ;··- ·• 'o~ 

showirttt ·:·th.e .. ,~~µe/.,ev,ol:u,tionary,:re:latio~ehips_. ;· :·· Xn ..d~t~rmining . 
,, , C \- •_ . '. ; •' . • O •: • ' , ;, • '- c • . " - L -- · • .- • I"• • • . i ,._ . ~• . ',, . • : , ... _ •,-... ,, . " I lu . ~ - '. t ; _ ,_. . . ._ ,: 0 . ;•r . . ~: . . " "t I ",/ •. . • _•( .. ; ' • •,) , ; ,,: • •:: . . ·, i_ ; .. • ;. '. _• _• : . • :; . .: '. 1 "< · ~ -::: \ , - • t 

t,l~e~~• immunologi ,c~l .r ,et:ict:~Qtl&'..tri~~t-, :bet ,given.·,qo!)~.tderation. · 
, , • • ·• ' ":° :,, _',' •~·., ,:, .;,, . .,-," · '.'._, ··· ••: i::, . I " : ,_4: ~ >-•<•-'. "' ":"_r ·.;, ~'-: · ;1:, ;·- ,.,;. _::_~·••._:'.:-"- .:: · ~•:_ _ , :'.~ .· • '.' _:_· ,., >~, :/ •.; '_• ·.:.'-~, :,.__:' •>':•.-, _. ;.· .,~ 

.the .. tend~rtc) .:- ha.fl"b.ee,n ; .. in .. -~~.c,.E!:n:t .,.Yeat.~...to., p).a.Qe...~µgleri'='-~·-• 
,., ,; ,; -·, - ':,.· . + --.· ·,· · :.-_.:,~·.. --:. ·.. .. --~ ·', ; ..-: : ·.~ ·-- ',_, ·. ·.,:... _.·~: , .. ~' ·,.; · . .: ~.- - __··:·· . .. .~~~. ·.,:... •. ~:· . ·./, :·. i~---~ -··. .,;.:...:, ·.> :( ···

w,1-tJt. :tAtl, ~~im{¾.f: ~at11el'":· _ttta.;n , w~th-/i~he_:·pl~~it,, k;r:,.g4_bm.~ · 
In,. ,a.greenierit · i'i(~h. .· SbineCke .· ( 1~25} ~>~o rela.ti\~~ehip to . 

,-: '-' . .. . : , . . ;< ' ·\ ' ... ,: : . ;- '. . ; :_•·_· :--:_ ·_ .. · : ' ' t , ~· ' :.· . •-: ; • . ·- •. -: . _ .. , . -; . • _·- • ··,: ·-~ . ., < 

the algae .,we.a J9und. ,. · ~owe,:er 1 the.\ I>ale test might:_ be 
too Bl)e~ifi~, ti Sh~W ·.. . 



The ··division· ·of Eug·!ena: srac.i~~B· ,irito·· two.; ~~o~ps 

l>:V-: :mea.ne ·of .. the :, tiytotoxin ta.nt~o_o.dy .. :and .~he· hither'.to- . 

-unnoticed·-1:,hyaiological.: ,dif.f~:reace(,t.:~n:,.manne~_/ o:f;_g_rowth -· . 
' ; . . .

·1 s so clea.r.;/,~ha.'t ,, i't··W_~uld ···•Seem•-·t _o!,:ge,,.:.o$C-. funda~etl•t.ttl• 

•r;ignifica.nce. ,Other · antigen-antibody teae•t:ions ,. fall ed.

·to.·· ehoW·-thi~ :,,a,tl<·~ice:Lyr:·< dUe:,, r,tG -'.:,tbe~,1,..•-g:reate•X\::, a:p_ecit-ic,~ty • . i 
. . '

· Judging:·,f:rorn,,: the-·:'.•:rea:c,:M.on·ff~:eb:t:ai-ned:,;.wi-.th"''. bactei-ia-·-·-·. 
' : . · . -~-. ~- :. . -: ' -· _·· :_, _~.': :.:· 4: :: ·,:.·,- ' . . . . ... ' : 

in •vari OU~•· . tages>,.of ·::tU.·~·SOCia.tion-,:,, ,',~l ,,iS:-•;,to,,,•,b:e.•. ,.expected~ 

'· that .eerological<differenc1es ,would. ,.ioeeur"••- f~~,•.:eac~,., ,of\: the · 

diet_inct ,'•morp~ologlcal·,,·t .ypes ·ot,;Eugie.na :•,gt'a.M:lts:o ._·--To ,,· 
. , ; · · 

the -- extent ·,,-that.·-..;morphology,,,and ,,.;phy~i.~l-og:Y,,.'-,are:-, expres~:ions

ot , .chemical · ·consti,t~t~~n,,-,-th.e1,,ttre f.cbeai; , di s.tingu.1.:_shed 

by-•. i~unol~gi:ca.3.. -· ·tnean1h,,..,.'..;,,~n -•-alte·ia.~i:~n,:of-0 -th_e ·, i;>;eotein

dependertt-• ·upon •::the<,mode-.,. of-'•·nu:trlt·i on_. :hf.ts·'.~•been·i, f:&hown:' by
•- " . . • -· ' • ·• • . ' . ' fl 

· others ·-working-with.! gt-een-and •, c<)iorlees --. ·algae,. - , Thia- ·· 
.- ·, • , , .. _. . . . -_ . .., ¥ : . . . · ' •• 

. ' 

has been ... •·•(l'O:rrtborated•::-.,•in..·,·'the·••ipres~nti···::,work'··wi·th ··, the,.; euglenaa .••. 
. ·, ) . :. ·•'

. The >oy.to·tox:1e+•pr.inciple >prevlously,,.;found•-:,,(Elmo:re '.• 
' ( . . ' : . : ·' . . 

1928) ·-- needed--• fuz.-t~er:., ·s •tudy,. -•because •: ,of,.:,, i .te-....apparerttiy ,, ... 
• :. . • . ' • • -. - . • , ·- lt ; . ' J .- ' ; ; • • • • • '• , _ ; • : ' • .- •

unique behavior.-: the . data eecu.r.-:d, ·howeyer, . hav.~ ehown> . . . . ' . 
:-, _ ,·-, ,'! ' ·_,·_.' 

tha.t it is e. ,true antibody, whieh~~Y involve the action · 
•. I ' • · • -\ - • - ,_ 

_of serllDl complement •. 

E;ic_cept fox- : ~h, 1e1~ . known:· p9;,Y~~ccll~ri~e-:··"p~~~Y~~n• 
th.e oq.emiaal. _ strµ~t~r~ .or the 5:?uglenae , is a.n unexplored . 
field. Their .high.;Lipoid ·cont.ent has~ed .. toth,e ;1B., 
covery of . . !!. .- J?henomenon .. which must .,.be ... coneidered Jn . any 

' ' \ . ·• .. . ; •· . . ' -- .. ,. . ' ~. -~ ._ . . "' . . '

.serum etudy or; chlorophyll bearing organisms. 
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1~ <The -pre'sence·,ot-·a,-specifie:• cytotoxic: ,principle,•. 

in: anti-eugl.ena._,rabbi-t•,·ee~,,::wnich<•doet?, ·not •re9-_u~r,· ·, 
E,;erum complement for its action has. bee~ .c:o.nfi:rmed. 

2 •.. ·.· .. The cytotoxic- principlec-in- anti ... euglena- rabbit 
. . ,,

; .... ·.•:·· . . •·:.·· ·_·' 

and adsorption-reactlone ,, an<t,,in,,-1.ti;.a.eaocia.tion-. with 
t·., • .·, •. . , . • ·_· --: .. , . '. . 0 I'-

,:_ ' · . '. ' . : . ,. . . . 

the non-dialyzable•- globul.inc c.onstituenta i•·Of,,cserum. 
j .,; ' ·, ·• ·.. . . ·: _, . ,--· _ _. ,; __ :_,_ •. _·. ' 

It: 1,1 .·· completel.Y removed• ·t:Pomsertllll by -~2 per cen.t. 
eead°-ra.tion ·with atmnon:Lum ~ultate. 

i •. ·:. The·, oyto:toxi-o;• etteot,!.,of,, .. atL-·1nunune,:.c£terum.• .. is <en-

-ha.need·, by: the- 1>resenoe ··of\: compl·e111ent·.··.· · Electrolytes 

may not be necessary.for. the reaction. 

4 •. Eugl.ena. ·gra.cil:.ts, iKlebe, • :Ls, not ,a ;homogeneou~ 

g:roup,t·.·but. coneiate,/,•,ot ,a.t··J.ea.st,· two,.-.d:lstinct--.typee •. 
•,• ·. ', • ,· .• '. •:·· ·.• ; I ' 

Thie 'is. ciea.rly.demonetrated .· by the• .. cyte>toxic::e:rfect 
l' ., . . '•; < ' .;· • ,. ' ·, ' •- ·•· ; . . . .. . •. ·, . •. •. , -~ \ , '

of an immune se~um. ~d .1s o~rrel~~ed v;lth th~- ~~~wth 

oharaoteristice. :l'he- various torm~·:- (nor~a,?. g:reen.· hya •. 

line ltght, ··hyaline dark) within one. type show a ,closer. 
" ,·.·. . ' ' .. .,.· _· ... -

antigenic relation.ship to ea.ch other, tha.n. they show .to · 

·c·orreeponding ··torms ot the other ty:pe. 
L I' r

5. With the smoothmuecle a.naphylactio reaction 
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a.cti ve • sen_si,-tizat-1 on:, -oft,vt;rgin ·gutnea: .. •Pigs .. wa.s demonstrated. 

~o Eufflena. grao.:i.lif! and to·. Ohlorell~ _ ~I'~--. 

· ,6·•.·With·'·::th:t•·•: react'ion ' 1>a.seive,.,;a:ena4·.t1.~atio~-·::t :o:. 
:muslena ,·gr~eilis- and to :sti'chooo.ccue 'spk was demon&t:rated. 

. · ,: ' ' ·, . . 

7-. \:·With-::,t)d.- &·•"."•reaetioni',it·:,'wa,s,\po.s s i :blEt ,•, t -o-:' dle1inguieh 
. • . . ,., -. • . ., . . ; ' ! • . . .; ' :: -.· . . ,. - . , -. ; •

between· -the -, normal grf!en.-Jand,,, the ,:,hya1ine •,: dark : forms 
,, • f, • I •, '•• • 

\ • ' I 

__-.> 8. -•. :A~thusJ;-,-,phenomenon:,..:,wa;si,-"e1-ea.~ly-,,•:dem-onet,rat-ed•.•·-•
_ , , . : . -- \ _.•, ··: '. ': . :', ,. : , ·, :·· , . . - , : ; , 1 . , ; •l , ; ( :, : : , ' .·. ; ! . ,• .,. : •• : s ' ' . : . •. :., :~ ' : 

·withEuglena·e;raoilis, Stichococcue ·sp •• and. Ohlorella 
; .. . - .. . . . . 

· 9. No indiqation-.ot -~ntigen-ic relationship between : 
i -'. . i : ' ( ; i' ;.l ': ; ;-:; :~.'- ,-- , ; , _

1
: . _:· :. f· -

0

_ :_ '. • i. ) -. . ·: ., . l :· ' . ' 
; '

. euglenae and . the •.lower green algae we,s round, . 

lO,.:,,:se~-u.n ,. wi·l.-l,"-cau.se-": a ,;liberatiofi,--:iot --ohl.o·ropllyll-·· 
Ir;,' :/. ', ·~ ' ; '. \ 1 ·; ·. - ·,i ( ) ' ; 1 ;• , ·.•; ; ··.,t ) '·: I • : 1':· ! : l • . t ,,.; , ' _., ~- ', ;

_ftom -- -many'~:cel'LJ/e;,:•or:"<chloro:plaat·sf'·,".J.f;.c• th~se -·,ha~ve -, been.. --<- -· 
. ' . , -. ,! ;, \: ·,. ·-. - : . ·, . · - • . - - : \ _·· , •. '. . : . :: , _'. : : : , , ; '. ;, , ·; . . '. " -·' : , ,_, ·, , ,; i \ '. ', ' - ,' , I :- -,; 

sufficiently alter-ed ':;1,y.. heat or co,nta.ct with . strong 

· serum-. 

11. ,. Thie, etfec't i/1.·s :,,~ll_so~~ated.: :wlth t_he: lipoid --con-
tent . . ot .: , the ; s'erwn, ,. and appea.ra :to . :N?<iuire ' 'the ' :pre,s'ence: 

,. . : . . . , . . . • - . ·,_- . ,·"' .

ot .. 11poj,(le in th'e· :cell~- ;. · 

12. Immune serum -does not increase the perni~ability 
of the : c:,ell to chlor·o'phyl;L~ -



-1~' :Th~ _- hyal.i_n€! '-l -4~~t /:f·orm, o~ ,•:E11gl·e11·~ -- gracilts _._ Xlebe 

llla;y origini+te /rroll! the hyaline a;rk 'r?~• 

2. 1'h~ _cel~s -of Eus:lena.~ gre~ciria · as Qulti vated- in, .thie 
. 1,. • . c~ ',-·:_._ ~--.: ·-'/ . -;; -. _: _ _. • ;:, • ... ' • .. ; . . : •: · ,-· -- . :. ·. • : • ;· t 

study -.consist ,:of -app:ro~ima.-tely 1.0:%-water. . -Approximately 
' ~-- . '. 1:· :,, --:-.. · .. ;_ '., · _ _:,:-".':--;-: ·: ·;: ''·<::'._- ,_;•· · !'_. .' ·:\ _:, ... _ , _-··,·, , :: •-' ·: ~:·:.;1 ... \ . !: : ,

10 %of the ·o.ry wei.~ht ta lipoid. 

:-,3• . ,,A-·me:thot\;.Ja. deac:rlbecl,. •-(apr,~pdixJ, -fox-, -obee_rvation -
_ .- ' ' · l. ' -: . -- - !:-- -, - _; :~-- ·_ -~ · ' , . t : • .- : · - ' - -- _-· . ', • '. . . ;

of the • motor -ap:pa.ratua of the euglenao. in the _ living . . 

unstained condition·.· 

. . 

4. A ,eimple •arrangenient ·,.for -~he . dialysis of . sn1a.ll 
,,. ..

. . 

a.mounte , e>f ma.t_e_riale ie ~eec:ril>ed -~ . :. · 

5. A ei1nple- method( for -determinin~ the rate of 

chlorolyai a _is desc_r1 bed. 
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The , .. eugienas··. coriet:Lt.ute , .one .·g;r.oup .,of. u.n:J..t1eJ.iuiar .... 

.. mi~roo rgani fJlttB· :w.h.ioh • poa sees cha.-ract~ r1 a tics>, .otfi'b't1th..·
. . . ... ·: . . . . ' . , . . , . . : , ~ . ·-: .. '. . • ..• . 

·plants and " 8Jlimala ~- ' ,Th~y a.l'e, .generally i ,holud~d.,. einong 

.the .Protozoa .. as· follows i•(Oalk_1ns ••1926}1 

Olass •Vastigophora 

· Subel~es . - Phy,toma~tigoda. 

()rder .- Eugleni~~·• 

li'a.m:ily .. .Eugl eni da.e 

The .taznily. ·Euglen~oea.e .. J.1kewise ·f l:1 . oonsideted. ,·among · the . 

flagellates ' of , the :·.·!)lant ,,-kingdom~/ ' 
, •- . 

. The ·ehape · of' ,the ··body ··ia·•c;.that , ot··. •&/ long.-.·· s :pind;e, •. 

Under ·tavorable :,conditiona . the -organisxns· move • f orws.rd> · 
• ·:, . . , •• , • . . .. , , . ·_ - . .:_ , , " ' ' , , · -~ . ·' , •• , •• I 

. )

freely,• always .• ·with · rotation· ·.of. ·1the ••,body" .. ,a,nd··,•the; .. . ·d1reotion · 
' . , • - , . ,. ., . 'i

ot the1:r_mQ}.1on fs .1n~luence~, by light. ': !his s'!'~~-i -~g 

motion 1s due to the aotion . of, one ,flagellum, . located 
. ' . .., ··~ ,. ' ' ,: . '

I 

anteriorly. The euglena.e can throw off the flagellum; 
;· \ • • •·· •. . .-, ~, • ' •• • . • - • • • • • • \ t 

they . can then . no longer .. swim,, but : can: che.nge- ,the, body .
• • j,• • ., ' - , . ·, • •• ' • • · ·, . ' - ~ - · ~ : .. . . ' •, · · ' ·._ • ~ - ' • • • • -

:r.orm _th~o:t4gh a P.eculiar_ s .quirmin.g .~ype ~:f':• .m~yementr, ea.rly 

dee~gna.~ed .. :t,y ····Per,1 a.a . •ue~~b~lie"~ · · Th~ lose -. _of: .. the. 
(la.gellutn seems. to be a gener,l .inju:ry t-ea~tion~ ,:: probably 

-~ ' . .: . -

analogous to ·th·e well known .autotom:, of the cral?. · cray-



Appendix, continued 

. . . . 

. ·a .i the. '. tip .,. t,,f :.; t~e;< fJ.:agellum,;J,,i :nter:pf et~d\: a.,r1: <beg:inni-rig, ... ·· 
' _; . •,·':._ ~- ·• f·· ; • ., :; f • _- . __ ., -•.; __ ,- , _'. , ~. ' ,•• •• ',.,\.,• •• • - ..... . -_::_. " i•-.·--.:_•_,' •: -:·_;:• •• ·>, • . •. .• • . .-:· .• _: ·_; .. ~ ',_;I--:: •• - ~ :'' ., ' ., I I •·• • 

can encl o~:~:·.,,th.e~sef v~~;,:~~t!1,in ,.:9-_· pi:u,ct1~.,. ~y_st.. • 

·,All·:·:eugiena.s.,..possesa•"•- a. ..,dif,ferentia.--ted-.: layer, iOf
.- . •.' .- : ... -·.. ' -.,. ·--. --_- -:,; ... , ' . . . ,· ' . -·.,, ;_ )- _:: ·. _-.. i.. ·: , . • 1 i ! " ' : ;. -- . . . ' " 

··· the . outer:>aurfacec.'.-o:t-.,:.the ,;,:'Prot.!1pla.s~n, .::.the:.:pellicle •. ;-. . 
I ' • , - . -. • ~, • . ,- • . . ; ~• ' ! 1 

,_' '

Thi• .• .diff~rs::,f'.r.om .·'°.t~e, ,,,c~llr··W~l~-.. :.ot":1;1ant.s ,,in.,. 1:>.eins>•;p;t-0• ·. 
,.. ,· _·, . -_ i,. ' : . i · . . '1, ·.-: , . . , • . ', , ',· : _I' ,,· :,:, . ':'.·. •,, .. : · .- , . ·:.. . • . l .' ; :., ·. t .. ~• ;. '.· . .' : . ·· • ., 

' ' 

.tein .containing •.·.·• :a.nd· nort•c:e:l:luloae·J'.> ~d::•aleo; .doe-a.:; not 
.·· ·•· . .' . ·· .- ' ' ' ., ,' . : . · · • "•:·, :,·, .. . . . ·. , , ·:··:. · : ''. ' . . ' ' ' ', ·. • , '

.ah.o'.W ·pla.smo,J.,ytii~· ,with ,:.concentx-ated1 sa 1.t ),,.s-0lu•t-i:on':3 ,. ,
' . _- . _- . • , :. • ... . ,; , . . : . '· .. . • • '- , • . . ·_ .:. . . • • .. i .a . • ' . • -. ·. i- . _- -, - '.. • • ... • ' ; ·-.. • •• ·,: '

. . . . . . . : .

··Only •.mechanical..: ·:t'•~rce--;, can.i, '. tH~-»ar:a:'te).;1-t ,.:.:f rom·.;th-e rcytoplaem·. 
• • ' . > . ·- .. • • ...· • • . . .- • { ;. ' • -. . . --- -·__ -_ - - ;. ' ' • • • •• •• • • ' '" . • . •. ' • • • '

The pel:LiQ-l~i: •.·i_s -, o.o.ve~e~·:,>wi'tb s:pix-~lly,,. ar:ra.nged,.· .. a:tripes 

-co.nsisting •· of\ ':r-awa. ot,.:,, tittle,'·knob·l) .·,,conoerne.d with; .. the .
.. . ' .. ·• ·. . . ·, . ' .· . . ' ;•: . ·. "_·: :' :.. '·'' .. -~· . ' ' ' " . ' . ' . . ; '. ; .. ·... ..: ."' ' ''. ' ' ' . ', . . ·. ' . ' ~··: " . . . ' . ·, .

see1retipri ·,-pf ,.:muo~·a,~•i<•·"'1lli-tl.•,,ls.-:la.lways :,13eor.eted :in •. i~di-··. 
• • . . • . - . . . .· . • ' . • . _:. : . • <; ;, . . •. , _ , • '. • i . . . •, • 

vidua,l, :threads <.:.wn,.ich ··fl'ow • .. it •ogetli:e'r , i nto• a;:,·homogebeoue 
'1l . ' • . ., 

ma.es. 
,·•With~-n:,.,th~··•:,retioul~:p•,.\oytopl'asmt: ia.;,~he,; l.arge roun~;····• 

o:r _ oyal'.·1 ·:nuc,ieµer,::: :'.f.req~e:ll.t~r··\f'l'f·:)he:··.mi~d_l'e:··~~ .;••.t~_e_.'.· ?.0.dy~.··••·
. . ' . . . . . . . . 
. . . -

The· n,ucleus.- conta1ns .,a.:• la.rger . . dark~r >e~aining_. ,centra.l:': 
' .• '. .. ·-. •. ·,.. .. -· •· J,. ). ; ,.· ·, . •..·. ·•·. '· • . ( .' ~ • :· ' . i ' . ' '.' ' ., ~-. . ':; .... .. ··. .. . ... . .. . • ' · .. ... . '. : 

~ody, .t~,e enrloeome~ this fe eurroundect by- a .. ,ch:r:ome.tin 
network~ ·. · 

. _ At ···the _·'a.nterior · end' 'of- '-the.·eugletia : Hf:a, narrow 
' ' .

0
• i • '• . . . . . -.• '' • . • ' • . • .· '~ ·.: .: i_. • '.;,_ :-:: ··.•: ·. ,·.• , • ,""._' , a ' , , •, • ·, ~ -- _,~·: • ·<, !• "'. ··: • •: " .;. '· ••

· :runnelr co:vered ~itp.: t!l'3 .iP~~its:+e. '. 1~~t1.:~n!arg~e _,• ~t 
.its base into .. a• .naked. r.· e .. ·. ser ... v• 0·1r·.•.. ;' ·• 1:1e· ""'i.·e· 0 of · ··1· · ti _ . , •. t1:1 Q . ... ,· . . ,.. . ·.. · .•~:-t ea .. . ng 

vacuoles arise beside the reservoi~, :enlarge, and :flow 
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Appendix, ,t continued .. 

together- :to -··fol.9m o~e :.i ,tti•ge; _Vt\CUol_e ,·> ~hii~h -fina;iy- empti ~e .-_ 

,-1~rt_o_ the:· r;es_:etvo~r• '. "' -The :•tlae;~l:l}UD ;-;paeee_a_ through_ the ... .. . 

· funnel and:,:X:~Jervoir, -, , and . --~s- a/~tacne·d 'to -:the ---b~s-~ ot .. the 
' ,I . .. . .:._ ··:;. . . '..; 

latter -: by-- -- me_a,n$:••·Of·--.t'W'O r· •rO()i;,s-, .\• ,8[f.(th ,\ v1th:-,8. ·g;ranul.e- at ithe 
' • .L /1, . I , , . • . ·, , • , •. 

· base. The .:.granule ,, at··_·i the,.,,baae }of .. -,1 the . .s ma1·n.- _.x,.·,oot .... ·1s...-the ·,,:: .. .
>\ ' . . . . '. , • . • . ! ; . 

,blepha.roplast-:,:-- \;the,,,Qthet-·;:~.:8·•·-thety:ba~ial;, f .• g,r~~u1e.:. ,,.r'.:i _he ·f ,la-

. • g~iiunJ ..• ~d ,l,~e~l,•stanu+e na;e .. ,~heir,, qt'igtn ,'iro~ ,•tM . 
•,'. , .I ~- , • ' . • , , , • , ' . ,; . . 1 . ·, : , ' , , · · • . · • f ' ' '

. the '. endoflom,-,. of-:,,t ·lle,,c_,·ll~Qletui .:,,,and r oc'.~~slona;,;y .. ;in-, .etained· 
. ~·.·;· _ .1· . : l _,_ .· ; . . ~ - • -~i ·• , . '., !_. , _ •. ~.-•- ~ : , · : . ,• · .. :·. _. , .- .... 

_·.:pre;para..tions · •rhi-zoplaatJ;,;:'-can ... be'-'.-seen-.,-: conn:ectii,g.,rbl-epha:rQ• 
.- · 1 • " • ' • ,_: -11 - , ,- L· .,. · . . _ - ,. ' ,, , , - • . ·, ·. 1r ·' ·, , ' , .

; pla.st- and ,nuolell.$~ •-, j' On,, the >1,1ai~:--•£lage,l..la,1-t ,-- :r:.po~:-: al>o,re•-. th~--
- ! • ·, ' . . : . :, . : .. : ' .'. . ·._ • ' .. · , . ' ' ' . : . : . . · . • ' . ; . • ' •. 
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; l,1epna.r_opiastt··· i ·e · a · ~weJ.-l-~rig • of,, , unlmqwn .. f~not,to~:: '., •·A"·'et i gma .. ,_
' ._ .·. ' . . . . . ' , :. ," .- . . . . 

o:ontai,.ni1:1g ~ed •·<Pigment,, lies;c-"a.dj~·oe,nt,,,:to--··1th,e,.:, l'.eaerv-oir. 
I • • \ ; 1, • . , .._ . ' I_ • • , ~ • I 

. . ' . . .. ·-.- --- ·-, ',.. '

· The >• eugl.enaa •t,:typi,ca.ltly.) are, ;gr~en : d.ri'. ,; e_o,l.o~,-:< due -.to-,. 
-· . . . ' ·• . . . ' ·. . -. . . ·, . " ... · . . _, ;- :. . ·• . ,· -.. _ .. · .. ·--.! ,· ,:-:,- . .. . ;~ ;- • . . . ., ..• ..• 

'. . ' 

· the preaenee,,i of-·,,cll:Lorophyll:~,-"- iThe,,, oh,lowc:,,plasts -,•·-~re ,,l'Jand"'"
, : , ,: • ' ,' . . ' ·, . · ,. · ·· , ." ·., "

1
, i • ·:; :-,.· • \ '. .. · •· I 

·:~ : hav.e ;:, :folill_d '. the ,.follovting ~ethoc,\· unuauall:y:: ijU:coes:eiul' '· 
in __ demops,tration of ,. th.e·1jnoto1t a.pparatus ·; ·ln ., l:ivin'g Euglena 
·s~acilis ·_•-~n ,. t11·e ·.--wt$talned ·_. cond:Ltion:, ,:~1:',:~1:pon·<~i~ing, .·the _. 

· eugl enas -with a· t e,Il,, p·e:r <ient • . gela~in , ·solution, : the-: 
:flag·e;1um;·--1s.: -: :.dlsc_a~~i'ed,. ~d-,1·.th.e' ,Qy:topl~_~m~,Js_f_la.'rgely'· 
drawn.-_. into_·_· t~e .l)ost,erior: por,tion of-· ~be .... oe11, .. ;leaving· 

· the·: reaervoird.n-,: the ;~nt~rlor! .. p'ortion.-··: ::,llUe , to;-: the ,unueua.1-
.transparenct:·,ot . thls , e1,eciee,· :the : two\ roo·tE1 ·of the:·:f .la.gellum 

, with. bl·epl1~ropla'et ~-./;ba.sal.·>gra.nul'e, •:. e:nd;:~w_e11:tng': abov-e· 
. blepha.ropli:tet · can b~·.,clearly seen through .the pell.1¢le 
and reservoir.; .. Obsij,:r·vation· wae · w1·th,-a:pochroma.ti.o 0·11 
immersion· objective~: !J.A. l.4, with exacting lighting 

: conditiox;ie.· ·· 
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phery of the cell. ,, 'Tiie.',~organic-;~004.,supplt 1,_1s:.,£'urn-iehed• ·· 
both by· photo8~thesis•:·.~ru1'1by.'.a,~'s'o;pt:tonl:rro111 ,ithe surround~ 

' ., ,, ,, ·• ·-·\.-:,: -_ I •,-: ;. ·;( - - i ··,.. : ,,::.: .. __I ·.' _.: .- __ ._... : ., . •- .• ','-::';) :·.. - _:,"_-,·. \ •

•.t ' 

ins, med:l.um.·•: .'.fhe-, starch~l.ike .~9dy.,.:. .. ,para.ihylon .• -C1s ... a., •.Q~~rE'!C•
. . ; . . . ; '. -~' . ';' .
'•... •· - .. ' ... •. •. '. ,' ·. ·.·' '· ·. -·•·· :·' ·. '. ·• : ...··. •.. ' ' .·t.erietic. product •-ot--metaboll$m.,.;:. ,I't ,occu~e •-ae,, ool.or1ess ·. 

--.. ,.,_< .. _~ ·- ... -~ -·:_.:;:_.,., .. _·I•·\.!·_/.-_·::>C~,,-- :·: ·-:: .. · ·-_, ·( •.. _:··i>· __ ·.(r·~?):•_i·:-,i ;; -_;_· · · ,_ · .• 

hiihly j:eic'iaJ~1re··•.tran0es tli~~\•Vtr.Y,in•·•·•S.iZef' ~}lape.,-
aniount • • ari.11 ~rranB~ent: ; • l?P'enoi ds, .:.w~i.ch: ha;e, .the.tr. 
~~i.gin. in-miibctiondria.·! /are -consid~red. ;to'.be ,1 the oe/~ters 

pa:ramrlon .. t 9 r~ati on.-
Di vi.f.ll~~: .9at1: talc~· pl.ace, either, >in. th_~ mot-11:e. con-. 

, _·.' • '_. :' '~ ' . ,'. .·' ' . . . I _ , ,, , • ,_ , •. :· ' . ,: , , • 

di tion •· after ·d-isearding,the, ,flagellum-, ... · or .. within- .the,<- ' 
,~·-,•:-·:'' '.t I ~,':'"' •. },<.: .·· ·. - . • '. i.~•·' - '_; •··; ·_.>\:'". ·: , -- - _,! -~,-·. ' ,: 

. oyet. The -fl.'ageilum.•doee,.·,not-,.divide·,,.·.but.-.,.1.a: thro ... wn...·o .. ff.,
.• - . ,' ... ' ..... - ·. .·- ; .. . ·, ' . t : . •: • . ' ' ' ' ... ' ,· ', ,· ,. '

~nd,' an -enti;e n~w.-,.motor:,.a,pp~ra.tus. ,is.con.e.tru~tediror ... 
;~~h·.··drU8hter>c~il.t.:!Jlitosia)is.J~~()mplished.· .tn 'ii. JDannet 

quit(!; .. similaf ,,to,,t~at ·•·...•:ciesoribed·······fOr•·higher: ~i~nts.-.and,,,.. ,,.. . ·- .. . \ . . ., . ' .,

all1m~·~·• ••····•.· •l)et:ln1te ••·clil'omos omes·•.·al''if <>f e~k di vi~~,-1.ongi 
t~dinally.•,.e.nd.,aredi~·t,ributecl•···eq~liy .. io'.the·•-~~Sht,e~.,, 
: .· Y.: ··;_ ;: .• - - .- . ; -- - ·. _-- . -- . - . - - - . _- -_- - ! . ; . • - . - . . - • 

cells.· ·· ,,f:be ..<ciiromo,omeei .. forined>trom•·•••,Chl'oma.-tin ::of-,..the 
,' . ' . . I . • . l •· , , . ' , . . : . 0' I , '. . 1- , : t 

outer nucleus .ahd not. from .the endoaome.',',/The .. eridoaome 
f - • .' j . I , '• ·, c. /4' ,. ·, ' :, .- •· ' . -~' i ·,;,; • :, ·, • , i • ' 

giv,. es. 'r.· is_.~-. to. th.· e.•··.·.kinet'~c,. Ji'ement's •. ·»:1v1~ioh:, <>t'.,the ., .,
- y - • '•· .• • '•I -. ~- _,i ,., _ _-_ .,.,·_. ,_ ' . • 

nucleus ie•. prec,ed.ed• },y;it:tttllig~a.t'i~~,•.··,an.t;eriorl; .:in .. the 

bo·····•·dy_.·_ ... tlnu:i. . ; ,t.• •. c;;e~ int~ ;J. ose . ~'~n~~:; ,±t~i,:f;hi i/>~e~ · 
. . . ... • ' ~- '>/, :' ,, • ~- :, ';, .. ,;· '}. ,-· .; ·, 

. ',

border of the reaervoir.' .: -Di .. vi ei<>Ii' of' .. the. ieit. ·takes 
J •,,~-.I-~- , ·, 1,- •·• ,.·, '!· ,·.,, \'!:· •·· .,• •••, '·~· .'• ·~ • 

:·•·1·· ~·.i'

place by a longitudinal.·. splitting, )beginn_ing ~t.the -
'•··.,·· , •· .. '_,·- - .-:.~ •·· .. •.·.•,_6. ,1, .. ,,•,_;·,_• -·.- ... ,, ... ··•.~·· .. - ,:·.,: -~ ..• • . \• .. :; --~- L-,.':"'··•·_ ,· .. - •·-:-

anterior end~n'.i ... continuing,; d~wnwa.rcl,.<..,'A':prooea~e.,<known 
, J ' .. • ',,.. ';'~- ' .~.: .,,. ! .• ~- • •. ., ;· . ' ., " .; 
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as endomixitl, •a· sort' .of internal conjuga.tton,,.:·h~s been deecribeq. 


