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: A~mFurther‘~$tudyw=af-'tha~
ARTIGENIC PROPERTIES . OF - EUGLEK&  GRACILIS xmﬁnsi

w1th related phenamena

Euglenas. aaide from: their acaaaional producticn
‘jof fishy and- violet odors in. water auppliea. are. of
1ittle direct ecenomic 1mportance. Keverthele&s, they .
- ocoupy a- positicn of peculiax intereat amsng the ferms
of microacoyie 1ife. The craer ﬁuglenida ($tein) is
';oosmopalitan. and approxmmately three hundred Speciws
have been- described (W@lton, 1915) Some of. these at
times ocaurulnwgreatmahundance;»»Panda»ofwaonsiderabler
Size nay bemome completely cavered with- a characteristic
,yellow~green tisnue PAPEr HOUll, - aenaistlng almost. ‘ene:
- tire1yvofweuglenaasw~0thexsapeeieaggre?xesponﬁibmenfarmw
""pools of bleod®. A¢few~are*yarasiiic;~ o
o It is th&s graup which f@rma the clas&iaal example
'Aof unicellular orgqniams intermadiate between planta
~‘an§”animgla. Steinecke (1925) givea them a unlque pasiu«
tion in nature, stating that it ic with the descendante
| of the englépae¢thatbwe are»tﬂ;lopk‘fOf;ﬁh9~£ﬁuhd$§i@ﬁ3
offtha animai;kiﬁgdomo Ua§>thiafiéfthe on1y3wqu.p£j;tg;.~

‘kind with a serological basis, it is of interest in this



'Cbnnectiona Ha aanaluﬁed as. follnws: AutatrobhiG‘haeuQ
fteria were tne firat 1iving thzngs‘ Baeteria shew prc-§-
,tein relationship with the- blue-green algae. bnt nnne
.at all with. the fungiz whe lewer green algae devalaned
yfrom the blue-green algaet Twe great groups 0? green
‘flagellaﬁes must be- considered. One (Vblvocale&) haa
vdeveloped directly fram the green algaes The athar
frepresents reproductive cells'af therhlgherfgreenwaigae
_mhich have developeé inta indapendent organiamss Thi&
:1atter graup af flagellatea; among vhiah are the euglenas.
forma the baﬁxs af the animalg but nct of. the plant.~
kingdom‘ The anzmal klnbdamh the‘;;deea not 80 baek
to. the amebaa. but ta the higher algae.
It is thus apparent that the euglenéa. in- additian
 to their wide distribution and abundanae in nature.
have cunsiderable theoratiaal 1mpllcatien. Inaemuch
‘aa antigan~antibady reactiens ‘are- gener&lly considered
ta indicatewbiological$relatxonshipe;~it<is*af~partieulara
 interest to 1nqu1re ‘into’ the. antxgenic constitution
of thma«group. ﬁurprising as. it may Beem, they have'
been 1ittle atﬁdied frcm thia standpoint

The present work 1ncludes a consideration af the o
nature af the cytotoxic ﬂrinciple in anti-euglena rab-na
bit eerum‘ the production of . anaphylaxis with the organ-

1ame used and a atudy af the chloralytic effect of _serum,



mvxm OF LITERATURE

o ?reviaua to- 1925. as far as: the writer ia aware.

no immunolcgical atuay of any sgeciea af the arder Euw
 g1enida (Stein) had been made. even unéer the handlcag
.of~impureﬂmatari&lz~wxnvthat~yaar;?steinecke,~whuse»work4
:waa mentianed above. publiahed rasults af an extensive
’etudy of :the antigenie relatxanahips &mang the alg&e.«
1315 antigan&. whxah were,prenared frem driad material

'colleeted from- panda, incluaed one. atrain af guglena

'viridia Ehranberg. In this inatamce he &lao demonatratud

fﬁhat the immune serum gave: idsntieal results with a

‘pure aulture of Wuglena virldis.-

Elmore: (1928), warking with pure cultures af Eu-fm<

;glena gggciliﬁ Kleba, desermhea 8 specific 1mmune thexmu»

‘stable cytatoxin for thia organism.‘

| MATERTALS ATD umTHODS!

Euglena graca)ia Kleb32 Was. aelecteﬁ for the maat

extenaive investigatzcn ‘because it lﬁ a typical member

??;th?m5&??ﬁ apd growa»morg:abundanﬁlyqinnartiﬁicialm |

 cﬁ1ture media’fhan any other euglené;‘ Four distinct

'of tthQ?ggéf #he appendix for a gener&l description
25ee figure 1.

4]



forms of this species have been.described... Theeelare

aa followa. the -arrows. indicating the deacrlbed origins .

of each foxm.

: <:1. ﬁcrmal green furm grown in. the light,
2, Hyaline farm grown in the dark.,

Se Intermediate farm‘

Céu B&alxne fore grawn in the light.

'l;'ﬂormél?gréen~fbrm~¥~Thia is the only- fcrm~enh

eountered in nature.’ Later 1nvestigators have ad&ed
»1ittleftv‘thehoriginalwdeseriﬁtian~mf~the~specieway-*
Klebs (1883) ?he ‘average cell. dimension& -are: 63 by
10 micra.v ﬁhe body in-the- awimming candition ds- tha
»ahaye ef a lonb aylinder or a alen&er egg. The deli—
*cacy and tranﬁparency of the cell are characterﬁatic.'
‘There are aelioate apix&l striations -on-the- yellicle.
The flagellum ia little -sensitive: and approximately
the length of-the body.; Wﬁetmbolie“-is,verywagtive..
The chloroplaeta are disc~ahaped. They vary greatly
”in number, with an everage of perhapa ten, ?h?y;%pjf
fpear ciroular or palygonal inraurfacp vmew, ahd»eéah ‘
'contains a pyrenoid cenber aurrOﬁnded by §aramylon. ;
The chlaroplaste often 1ie 80 - close togethar that the
body appears homogeneeusly green. The very delicate
»color‘pf;grggn:;svn9t$cgablﬁ. The nucleus is usually

central, Division may occur both in the motile con-



=dition after. 1oss of flagellum. and in tha encyated atage.-
‘The maximum number per Gay:- 8. one and onewhalf

2. ~x§11ne ﬁark form - Thxs ig tha farm of Fuglena

'gracilie in arg&nlc media in the &ark or iﬁ very rieh
organia media in the light.» Zumﬁtein (1900) gave the
firat description. It is only an enviranmental madi~ :
‘fleation of ‘the ncrmal green farm, the two can be ahanged~
inta ane aﬂother at will. Iﬁ QQ&‘&ﬂandﬁ in all respects
ta the normal green form -except- that it is ealerleaa

un aeaaunt of the absenee of- chlarephyll The chlaro-w~
‘plasta develop as 1euk0plaata, and since light 13 even
more of ‘a deterrent ta chlaruplaat divzsion than ta

cell div131an. there are many ﬁmall leukaplasts,‘ It

is well known. fqr example. that whlte leaves grow frnm
'vegetablea. suuh aﬁ potauoes and turnips. stared in

the dark, anﬁ this farm of Euglena gracilia is considered

,analogous to such- etialated higher- plants. But ﬁuglena
gracilia,reduces.xts;thorcphyll;pqnteny«inathewdarmg!
more than any other known organim, Some algse are
even as green in the dark as in the light,, The maxie
mum multiplication‘rate;ﬁorzthis“form,iﬁwtwgwdivisiﬁna,
per day. Faramylon ie produced as initheilight “‘

3. Intermediate form - This 1m of infrequent oo~

currence. and is defined by Ternet? (1912), who first

,deacribed it, as~any euglena mhich'1nﬂ1ater gener&tiona‘



splits intc ‘the normal. green- farm end the hyvliae form
Voecurring in the. light. Thua, it is very unstahle.
‘and "pure cultures* eaald not- eXiﬁu. It results fram
5& discontlnuanae'of‘chlaronhyll~formaiion;~ané»may oc«
eur as commletely colarlesﬁ excepﬁ rar the poorly de~n'
,velapeﬁ stigma. a8 highly vaeuolated with red or yellow
;spots. or as a hemageneaua 1ight yellaw. Reproduation
is as rgpiﬁ a8 with the normal green farm. Matility
is}marked. ‘Ternetz states that the intermediate fomm
répreseﬁts»a-variation~analagcua ta the‘colored leaf
varieties of hipher plants.

_yaline light form - Ternetz (1912) disenvered

:colorlesa 1ndiv1&uals ari&ing apontgneoumly in the light
 in org&nia media. ?hiswiamthe~cnly~mne af~thewmpd;fz~w~

aabions of Ruglena pracilis whieh is const&nt.5 ?hé'

cells measure 48 to 68 micra in 1ength by 4 to 10 micra
in widﬁh.‘ The- flagellum is- two—thirds to mare than the X
1ength of the body. and stronger than in the other forma:
.The maximum rate of divialan ia 0. 7 per day.. Heliataxis
15 absent Restlng atages are limited to _poor media,

80 that in favorable media many éead erganisxa occur
early in the oulture. The indivxduals are unable to |
maintain themselves in competitlon with the green fon*i

explaining,why only grean forma are the end result of



a culture containing “intermediate faxms" Thia per-.
manently cclarles& farm bears na trace cf a stigma. :
and has neither chloroplaats ner leukoplasta, which
explain& its inability ever: to became grean. E&cept
far a slight differenae in ita mauner of dlvisxon. it
i% in&i?tinguiuhable from Astasia.i There are~ﬁua«ways.
in which this form may crigﬂnate. ﬁhloroylaata erlse
onlg by divisiqn of preeximt?ng chleroplaaﬁﬁ, whiah
takes place entirely independently of aell div:aian.v ‘
Thus a form %itheut chloroplssts cauld result from an
unaqual division of a ohloroﬁlaat~poar individual..f
Origin 15 alae from the intermediate form by deﬁtruetien

and re%orpbion of the chloruplagtsg

o Pure cultures of six- atrains of Euglena gracilia
Klebs of widely different origin were uaed in the preaent
workb &11 of these were submitted »o Dr. L B, W&lton
fox identification. Eata eoncerning eaah follaw;

 ‘“§01and“ strain - From an impure aulture oh~'

talned in the summer of 19?6 at the Unxversity of Wis;
consin through the nourteay of nr. Lowell F. Noland.,
He had identifled the puglena as gracilis. and had main-
~tained it for aome time because of its luxuriant growth
undar cultivatlon. uingle eell isolation was carried

out on Oct. 5, 1925.



2. *Turtax“ 3train - Fram an impure euglen& cul-

ture: purchaaed fram the Ghicaga ﬁiologica& Supnly ﬁouse
in, 193?. Single eell iﬁolatian was carried out an Harch
29,§1927."whewgrowthbwasuluxuriantzﬂ

37 °3ewe11“ strain - &pﬁeared in 1aberatory cul~.

ture at’ W&lliam Jewe13 Gollege, Liberty. Miss °“xiﬁyi“
ltha fall»of l92?¢r~$ing1e eellhiaelatianwwasuaérrieak
out on April B, 1928, ¢ The gxnwth was luxuriant

“P gae” ‘ghrein - ?ure culture af Euglena gra»

cilis obtaineﬁ as’ suuh in &uguat 1638 from the Pflanzen—;
pnyaiolagisches xnstitut of the German vniveraity at
Prague, Ozechoslovekia, through the courtesy of Dr,
fﬁelixwﬁainX;%wSinglé ¢ellwisolaﬁieﬁ waslcarriéd ﬁutﬂon\
‘Mag'lg. 1992. The grewth Was scanty.

5 ”Rochester“ $train e From an impure euglen&

cultura puxchaaed from the ﬁ;olaglewl ﬁupmly aomnany;
'Rochester.rﬁew*ﬁark; in»lesz Bingle cell isolation
was carlied out on- an 18. 19“8. The growth wag . seanty.g

§Q "ﬁichigan“ Strain - From an. impure euglena cul-?

ture purohased from thﬁ Eiahigan.Biological uupply Com-
pany. Ann Arbor. Michlgan, in 19 2..,'ingle;ge}}}§sq-,w
lation was. carried out on July 18. 1908. _whé géoﬁth 
was scanty, | ( o

The six atraina of‘Euglena gracilia descrihed ahove

wera maintained as the nmrmal‘green foxm. The hyaline



—————— ~flagellunm

_ —enlargement on
main root of
basal granule - - . flagellum

-~ blepharoplast

- — chloroplast
(The chloroplasts
i have a pyrenoid
N nucleus surrounded
: by paramylon.)
endosome of  — R\

nucleuws -

nucleus—

::Y __ - --chloroplast - sur-
) face view

ME Elmore

Figure 1
Buglena gracilis Klebs X 1500

Two-week growth in peptone broth of normal green form

of "Noland" strain, after more than six 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
is 60 micra.
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dazk modification of each could be produced ot will
by“8r5ﬁﬁh‘in th9 da§k;~«The7§vin1et‘iodoflﬁypicalfof
1enas was: naticeable in the pure.- cultures in peptone
hrath. and a- fmshy adar. aserioed by Bﬁtachli (quated
fcom Waltnn. 1@15, p..ﬁég) ta the oil vacuolea contamnet
\W;thin uhancellkgwaa,pxesgnt«whenevex:ph&-ce;ls yepg«
‘diaintegratad.;~
P  AIn aﬁdition te the aulﬁure% in the light th@ MNo«
1and* s»raxn WaS- also kept- in the. éark fram the tima
_af its Tirst. 1aelation in 1926. After more. th%n five
yeara uf cantinnaua culttvation in ﬁhe dnrk At was
feun@ upon - bringing transzrs inta the light that one
af the ‘tubes remgined- aoler)eﬁs in the lighﬁ. Thia,v;
then,, ‘Wag the hya)zne 1ight farm wnich had ariaen fram
the hya¢ina dark form.; It is oanaeivable, however.
;uhat origin may have ‘been - thrmugh the normal green form
or the zntermediate form nreaent mn the original inoau~
lum. a8 abserved by Ternetz. darkneas affering more
‘favoxabla conditione for the aurvival of the hyaline
-lightqupm,\ $ingle aell isclatien waa caxr:ed aut on.
mr 19, 1932, |
-z Pura cultures free fram bacteria were insurea in
every case by single cell isalation With the Barber
(1914) technio. 'The~majcrity of thehlselations Waa’

aarried out Without the aid of a special. plpet ‘holder,



A1

The centering of the “tip.of- the plpet in.the iield of
the microsaowe is not particularly aiffinult wzth any
@pparatus. “After this is acsompliahed there is need.
thlmp#ement_1nsﬁh:¢e p1aneﬁ, ,Two of. these are. obtained;
by the mechanical stage of the microscope.. The third
{up-and-down) must be supplied in connection with the.
ﬁipat holder;"BarberBtlglé) described“hoﬁ an*éfdinary-
dxsaeeting microscoﬁe could be emplaye& quite eatiefacn
:torily~fur~this.v Malone (1918) used. ‘a second microseope
;atand.

- In-the pxeaent work: a moist ‘chamber apnroximately
‘4@ by 70 by 20 mm. was made: from glass cemented tngether
with hard DeKhotineky cement, The cover glasses were
43 by 70«mmaywahd~of numher»onéwthickneaa~to~pénﬁit\}
use of tne oil immeraien ebjeative. A,Qgenaer mierou
acepe stand number - was uaad fer the obaervation micro-
acoﬁe.'-The large circular~mechwnica1~stage~perm1ts |
the use of the entire area of th& large cover: glass
used,“ The regular subatage eondenser was remeved. and
xeplaced by a Bingle 1ens 1n 8 aubstﬁge mounting With
an iris diaphragm and of such a focus (approximately
1 inch) that the light could be %mwew: focused upon
the under surface of the cover glass. A discarded
microscope stand served as the pipet holder. A Tuer

{syxinge,.alﬂbﬂattached to this stand, was fouﬁé pre«



Figure 2

Apparatus used for single cell

isolation

12



ferable to mouth cantrol fer pressure and ﬁuﬂtiﬂno‘

The apparatua is. shown in figure 2,

The medium uaed in. the cultivatian of Fuglena gra~-,

‘cilis was & 0 25 % peptone. broth to which inorganic

faalte had. been added- (Elmare 1928) Bacto~peptona has'

~recently been aubstituted for the ﬁerck peptone used in
the earlier Work, as bezng a mare comnletely digeaﬁed
and moTe uniform preduct‘ o

In additian to ﬁuglen@ gracilis. use was made 1n

.the present work af pure culturea of tha fallowing uni»

cellular algae.; Thesa wexe obﬁained in October 192?
through the courtesy af Dr.. Frank B. Wann of the Utah

Agrlcultural Gollege. and were eultivated upen the medium

uaed by him (1, 5% agar containing 1norganie aalte and

1 % dextrose). ;‘Some»of theserformsgareailluatrated.in,

figure"%.

1 Stichocoecus sp.t

2, Ohlorella 8D, (# 5) - Shape of. cells usually

oval.‘ 8ize variable. _average 6 by 9 micra..ﬁngny oil.

azoplets in cytoplasm. Chloroplast cup-shaped. Lux- .

uriant growth. . This species was submitted by Dr. Wann

(pergqnal'qpmmﬁni9atipp) ta various authoritieaﬂﬁithaut
definite identification., Wille in 1919 had conemdered
it a8 probably a Coccomyxa,

13
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Stichococcus sp.

Chlamydomonas &D.

- _--011l globule

0ld culture

Chlorella sp.

ME Kzp s,

Figure 3
Unicellular Algae X 1500

Drawn from unstained preparations,

14



3. Ghlorella:apww(ﬁéll)Awdxargeucells,»avaragaw~ »

15 micra in diameter. ‘within whxch many non—motile daagh—w

ter cella fnrm. Olatnrate chleronlaat Luxuriant gruwthr

?hia sp&cies was 11kewise submitted by Dr. Wnnn to va=- .
xious authorities for. identificatlan without defmnlte
determinatian.r Wille in 1919 reparted it a8 prabably
an undescrzbea ﬁpeeiea.~

4, Protasiphsn botrypi&ea (Kg‘) Klebs

\ 5. Ghlamyaomanas ap.‘
6 Unidentified species {# 9}

. asa fixst step in a, better understanding of - the
;nature of - the matexials used, same simple data were

abtained. »The-xesultafare~ahown»inwtablanl;a~TheMper~
centage error. 1n -the- analyses is neaeaaarily high due

ta the small amount of material available.

EXPERIMENTAL WORK

| 31. THE CYTOTOXIC PRINGIPLE IN m’x;mmmm:ris@m

e Aceording to the pres¢n§>ponce@tion of the mecha— 4
‘niam of 1mmune reactiana. there firat occura a: specific{
coating of the antigen particles wzth antibcdy»globulin
fram the serum.;\mhia~givaa~the antigen partieles the
‘characteriatica of denaturized globulin particles. with

which the aurface charge (repellent force) is depresaed

‘;5



TABLE 1

,simble?égtgjgg“nrganiaMS‘ﬁsed

_5organism;

A————

. pracilis. |

;x,Reéui%s

. % moisture | |
e | Daseds o

e 1ipoids

ATy

£ “"»
weighﬁ

mean

}igreen)}w;¢g

69 9
7

m%erfar
4|

Results

9.4

'“¢hé££éigf

death .

, point

«erxor;v

| 1@4
11 4gi, : .

;igg;

iehiarelngsg;”‘

7w,

QQQQQQ§;

e |

. @ 8°3 L3

ghlorella sp
Sgoredle o2

AT X A
1 o

-1

ffSZlﬁs;

‘Qbozryoi&esg,‘f

“Protosivhon |

50° 0.

.

%élanalaﬁféfﬁ:

%Exwraatisn ww%hvweﬁmaﬁziied peﬁraiaum a&her 1n cold,

3

Mixture uf Eoland and ‘Turtox stramns.u
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by ﬁlnctrolvteﬁ much mcre than 1s ahe caheaive fawce,
when this decrease is sufficlant. th& nartioles elumv
tagether. The altpration in the aurface ﬁranaztlma

of the antigen by a sanaiti?xng &ubstpnce from ths eerum
alao is auah 2B tn pxapmre %h@ antigen narticles far
‘phagoaytuaia {Mudd et al.. 19?9)

In the caaa of - bhe great majarity af the. e@llular )
antigﬁns, tae aaaorptxan af ant;bndy doeq net aeem tc
be havmful to the aell. tt 15 well known. far example.
fthat agglutinatpd bactaria grow r@adily. Howevex, if
"camplement"- an aacequry thermalabjle euayme»like
’canatituent of serum which ia adaorbed non»apecifically
by'tha glabulin—coated antigen, 19 present Lhe eell
may be sensitzve Ho- thls union, Although some bacter.
are unaffeetad, othera are killad, B few even diaznte-
’grated.a Frythxocytaa are laked. and apecific toxic

’effecta have been deacrlbed fax a great variety of celle.

gévie? of”L£tefaﬁ&ré -

As will be noted 1atpr, aerum complement is not
esaential for the demonstratian of the immune cytotoxln
reaotiou dealt with here. Although in general a cell
is not. apnreciably injured by its antisarum in the. absence
of aerum eomn&ement. such cases are not unknewn. Roe-f

sle. (1905) statea that" heating an immune Berum,: produced



18

by inj@ction af 1LV@H@ @ar%mecium cwudatum into rabbite,

at 53 6. far thtrtJ mzanteﬂ dxd naﬁ alter 1ts snecific
paralyz;ng aculon. He tmnlie% thmt e paaure ta a’ higher
temperature did-do aa. for he says that anather aerum
yxoduced wmth dxmed heatpd narameala differed from the f
fzrat in that 1% coulﬁ nat be inactxvated, even by heat-
ummg at ?0 0. far thirty mmnutes./ Hamever. he does nat
»mention anntrall;ng this with sxmilarly tr9ated narmal
?ﬁerum.~

 Hamilton {1903) reported. for-a. diphtharoié termed -
the *Ruediger“ ‘baecilluve a0 immune bacter1cidnl substance
which aeemed to aet thhuut aemplement Bantexieidal ~
'substancea Tox. the, eame org&niem in normal ‘serum- also
;withstaad a temperature which would: be censidered te
‘destroy-allwcomplement.wbutawera.pot;aa\zhermpstable‘
¥as the immune bodies. |

?he Wark of Sellards- (1911) with a speeifie«eyto~«a

toxic serum for amebaﬁ is incancluazve. Vhile no in- |
activntion resulted afﬁur exposure to 8 temper&ture
af 60 c. for perioda varylng from thirty minutea to‘
vthree hours, . or of 70 a. for thirty minutes. he found
‘that normal serum heated for one haur at 60 c. had ac-

quired an equ&l toxicity.

A similar wark bw'Heathman (1932). however, was

_apparently controlled by normal serum, ahe.prcduced Vo
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an antiﬁerum‘with~a\precipitip t;tarmnfglzloo.deofby
yinjeetibn»afva freerlivinglameba; 'A‘l 110 dilutioayof
this antiserum killed the amebas wathin one. hour, and
a 121000 dilut;an killed them wzthin eight houra. The
immune serum d&d not lose. its taxicity upon heatlng
at 56 C. for ene-half hour, -nd normal eerum-apparentlv
was not toxic in 1310 dilution either heated or. unhaatad
~ Elmore (1928). after glving rabhita intraperztone&l
injections ef the whole cells from pure culturea of -
_Euglena graailzs Klebs, found that the serum af the treatad
rabbits caused comvlete sedimantgtion ofgthe»euglengg
up to 1:1000 original serun dilution (1:2000 ultimate
'd;iution).'~Abbvefl*5G dilutian'complete~recoveiyfaften~
took place, This immune serum- property was-in. sharp
eontr&et 40 -the~ taxlc effect- of normal rabbit serum
in that (1) normal serun had no.effect above 1350 dilu-
tion; (2) the Aimmune ‘property was: thermoatable and ﬁlﬁ
'net require serum complement for ita demonstration.~~
while the toxieity of normal aexum waa eompletely 1ost-
upon inactivation. Sedimentation waa accompaniad by e
discarding of the flagellum, a common injury reaction;
recovery by its regeneration. cher antigen-antibody
reactiona were abesent or indistinct.

Hention should alao be ma&e here of the bacterio-.

phege-inhibiting antlbody. The majority of workers



agree that complement is not necessary far tha actinn
af anti~bactariophag& serum. hewaver. 1t haa been ‘sug- .
gested that the mechanism is that of a toxin-antitaxin

neutxalizatien (Brenfenbrenner 1928)¢

:égditional:ﬂechnié

For mare exact wark it was found neeessary to care~
fully atan&axdize the euglena suapension used for serun
titrationo Freshly opened aulturea ei three to four
weeks growth were ased Ybunger cultures were mure een~-
laitlve to the serum, while in older culturea there was
uaually some sedimentatian in the aalt contral. Gu1~
 tures whieh ha& remained in the refrigerator ror a day
_or longer aeﬁmed mare reﬁastant to the aeruma

| The euglena susneneion used waa addusted su that
it contalned 560 organisms per cu, mm:.f This was dane
>as follows- Gne cubie centxmeter of £ culture, conoen~
1trated somewhat by 1ight céntrifugatian. was mixed with
1 0 ac. af a 1:1000 mereuric ohlorlde aolution. ~One
drop of this mixture was put inta the hemaaytometer
counting chamber. and an.average count abtained. The
culture was ‘then adjuated by the additlon of 0 9 %‘HaCl
solution*so that it cantained 500 auglenaa per cubic

millimeter (25 per square milllmeter of countang Lhamber).

Williama and Jacobs (1931) have recently called

20
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attention ta marked rhyﬁiological differences batween
vdifferent prepar&tlens ef o»ealled "nhemically pure*
ﬁodium chlori@e. While no éxtenaxve stuéy af the cam~
parative toxﬁcity<of different preparaﬁxons to- euglenas
 h&ﬁ been made, ina cancsntratlan ef 9 9 % ‘ane. ﬁamyle
of ﬁallinckrodt's chemicglly pure granulated seélum
‘chlnriée Was faund to be toxic. whlla one- samnle of

Baker’a analvyed acaium chlariﬁe was entlrely nonwtomie.‘

Nature of thé Gytotoxic '?,rinéiagg;g

1. Thermﬁatability Of ﬁhe @ytetoxia wrlncxnle

‘The thermos tabllity mf the anulaerum has been mentioned
'prev1oualy (Flmore 1928) Heatlng far thirty minutes
:at 60 S Caugea ne dacrea@e in tmter. while the corre-
sponding dilutxans of- normal. serum are entirelv ingctiva.
‘This tem@erature wauld be certaxn 4o deatray all serum
‘camplement, henoe any rale of it is aliminatea The
jcantrol with narmal aerum shawe that the heating does
not introduce an adﬂztianal.toxxe element. o

2. Snecifiaity of the qytatayxc prznéiyle 75}3i§; 

‘waa to be exyected that no reaction WOuld eccur batween
ﬂan~anti-eug1ena serum and other unmcellular org«nlsms.~
1Trertment ef ‘the. immune &erum Wlth Ghlarella sp. (& 11)
cauaed no adaorptlcn of the cytotoxic principle. While

ezmilar treatment«with Eugle gracilia aid do ao (El~
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:mara¢(1928) Identical reaults were abtained ‘when the
aunidentified alga speeies ﬁ Qrwas used 1n ylaue af ehldw
zella ap.. as xeference te table 3 wzll ahow.~;

The effect af the antiwgracilxs sexum on. ather
speciee of auglenaa was atudied dxreetly. A ferm iden-,
‘tified according to the elaa&iiicatzon af waltcn (1915)
‘and of Lemmermann {191&) as. ?uglena galx@orgha 3angeard
(see figure 4) was found in 1arge numbera in a fair state
'of purity in a- pand scum. another euglena occurring

'aimilarly was- aubmitted t@ Dx. & B Walton far identi»:‘

 f1eation.. ﬁe reportad th&t 1% Was Euglena proxima nanw
geard or perhaps a varlaty af thia 636@163& whe antin
,gracilis aerum had hc effect on either of these ayesies.
A 1.50 dxlutian uf the sarum dn- centrifuged pond water
'waa mixed with an equal Vblume ef 3ug1en1 suspanaion.
and ubserveé mierus@eyically. Similar treatment of

-Euglena
up and settle to the bettom within a few minutes.

racilis eauaed all nf the arganisms ta raund

The strains of Fuglena gracilia cultivated fell
finto two distinct groupa aa tc tneir grewth in the 1i~
quid medium used. Jahn’s (1931) partially hydrelyzed

caeein medium for Euglena g_geilis was tried with the

same results:

Luxuriant growth “ﬁéiiéétﬁfgiowtﬁ"
 Noland Prague
“Turtox Michigan

’;Sewall Rochester
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flagellum — — — — _

-Jt_ - --basal granule

— —nucleus

— -endosome of

paramylon sure nucleus
rounding pyre-
noid in cyto-
plasm— - — — —
_ —<chloroplast

(The chloroplasts
contain a pyre-
noid nucleus sur-
rounded by param-
ylon.)

Figure 4

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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uﬁainx ataxed (nersanal communleation) concexning the
i“Kalaud“ straln. whlch was Sent La hxm 1n exchange far
_the "9rague"‘ that it was entlrely Ldentical phyﬁzolag-
 ica11y~with h1$ ewn aultures ofmthis Speczea. He u&ee
;a differant meﬁium. and did.noﬁ glva any baama lcr this

' pznion. It 19 haraly thought that thls alfference in
;manner of grewth is. an adaptmve change on the part of .
the organism,ta yralauged cultzvaticn, far this &1fference
haa been nated sznaa their rxrst iaolation in. pure cu1~‘
'ture, and. with continued cultivation the delicate farma
have $hcwn~n0gchange. Kt is ﬁhought rather th@t thx&

J;s7on§ in&i@ﬁt&bhfdf»a%fleastutwnud;stinaﬁmﬂ3aailmag¢

'if?esf--Inwaasé«thisﬂiﬁiﬁruefiimﬁﬁﬁolagibéifiéété should
‘bring out thla differance even more clearly.v J |

. f Aecordingly. suspanﬁianﬁ cantaxning approximately
-the same number ef argﬁnisma from eultures of the aame
‘age were prapared af eadh af ‘the variaua atralns and
‘forma of Euglena graa;lis available. Dllutions ef anti&
“Ebland“ (noxmal green) serum were pregared Fqual
vnlumea ox aerum dilu%ion and euglena suepenaion were 7
Vmixed in amall glaaa aells. and abserved under 1ow magnin
'fication for. cesﬁation of movement anﬁ sedimentaﬁiano-
The reaults of thia experiment are shown in table 2

fIt 13 aeen thaﬁ the straina fnll inta twn ﬂistinct groups.
‘and that these are exactly coxrelated with the growth
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catraing and: fnrmﬂ cf
grocilis Klepe, using nntz-”Folnnd“
. narmal prean) aerum. titar 1,1000

Organism

C oo Berum

dxlutlmn

1350

1:500

175000

Noland

hyeline
hyaline

lightw'
éark '

-

Lk

B 'x;f/-, ;.

;T%?%{”MQ
;w

131000

ﬁgzgg;ww.a”(
,xxzx !

Saling

Turtox L

_green

 nyaline

daxk

| ::".’!’[”!f
| e//%f

A

| :W/

A

Hit|

Jeweil

nyaline

daﬁk- 

‘%f;y%;“;ﬂ
:/;W

”ff%ﬁé?“
‘ %?%¥'

|
////

?ragué'
green

hyallne

aa:k“

mcmgm -

~green.

* Byaline

dark

Rochester
 green .

hyalinei

daﬁk«!

. ‘v e

Do .

PR

-

I S f

1t&ﬁi0nu

Fewer‘organisms in suspension used.

1/??? 1nd1aates no motile forma. compiete sedimen~



characﬁeriaties as ‘mentioned. above. .The. "?urtex" and .
'“Jewellﬂ ﬁtraina reaet to ﬁhe titex of tle' serum. while
'the Berum- is praetically withouu effaet upcn tma “@rague“
'“Miahigan*. and “Rocheater* strainﬁ. The hyalmne light :
'fom of tha “ﬁal&n&“ atmin and - the hyaline dark fo:em
:ef each strain react juat llke the uorreapandzng green
form. That at laaat the &ark farm is nat iﬁentic&l
antigenzcally Wzth the grean farm will be. shawn in a.
1ater seatzon* but that the varzsua forma (normal greeﬂ,
nyaline light. hyal&ne éark) of one sﬁxamn ara mare
clasely related ae:olcgicaliy uhan correapundlng fcrma
of difforent sﬁrains is 1ndieateé by the above reaultﬁ,

Adserption of the aytatoxxc prlncinle < 8pe-

cific adsorption by ita antigen is xeeognlzed aa one
of the es&ential aharaaterzaties af un antzbaﬁy. Talia-T
ferro ﬁleés) alane. ‘in-his- atuﬁy ‘of rmta infecﬁeﬁ with

‘Trypanoaama lﬁwiai. has descrlbed an antmbgdy which

entirely lacks 1n vztra affinzty far ita antigen., For

,,,,,

»thiﬁ reaﬁon he eonsiders it a new type of antlbady nat

r&concilable with the unxtarlan aonception. &nd proposea ‘

‘the term "ablaatin“ alnne it i manlfested by 1ts in~
hibition of reproductman.
ﬁome degree of adsorptxon by the hQMQngQuB anti—.'

gen wae reaﬁily d@monatrated in the present work. and

it is believed that camplete adsorptlen could be ebtained

26



by~proper~a&§ustmentwcf§alikofsth@rfactcr$~iAVolve&¢

i experiméntvaimilarﬂtoathntlpméﬁiouély;r@@artedﬁfﬁlwﬁ
more 1928} is given :n nable S The tzter of the Farum
vias Lzﬁ@ﬂ (nxxginal dixution) Wbll w~shed cclls warm
juaed Tor ﬁhe pdqorhing mgtexiel 1n the @roportion af
'one nnrt c@lla ta nine narts af 1-10 antiaexum. The
jtub»a were shpken thorcughly and *ncubpted aﬁ 37 c,_;;
fo* thrpe hours, fallewwﬁ by twenty haure in th@ refxig~
‘erataw. -The. slear sarum dﬁlutiﬂn remainmng ‘after cene
trifug*rlizatimn was uﬁed £o7 the. tesst '

4 Deﬁ@ﬂdence of the cvfotayln reqotlon unon elea—

tralytea milutiena nf dialyzed aerum in diaﬁllled
water were- set un w*th 8, W&ﬁh@d euplana ausppnaion in
‘diatilled water.~ The4reag;ﬁa were identival with those
of 3imilar dilutxens cf the dialyzeu aeram xn nhysio~
1og1c31 saline salution. uaing a- euglena susF@ngian in
ealine. Th18 may- in&icate that the meahaniam af the
freaotion is. nat, 1ike t%e agalutinin and precinitmn
reactianﬂ. a seneitmzat;on to. elcctrolytea., ﬁowever.
thie is in ne sense praved At least txaneé of electrew,
lytea were present aa the distilled water uqed.was nat

canduutlvity water; ana 1n no. cmae could uhe electrolytes

Within 1e cell be excluded

s.z ?asbive tranafpr thh s@xam vantazning the X 0,

toxic principle  »  Refarence to table 6 ahawa that
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TABLE.3

Rbsorvtian of - the eytotoxic principle from: immune.
’ 3’ th.the homalogouﬁ antlren* .

“ 5erum dilution ;7“ 7““°

ot "1‘.?5‘3’6’“ 11500 1;1(_)00 _&gﬁ_._z._x_l_e______m
'52§§f‘ﬂgftf ”  ;;f;_m:‘f; |
' /f’f/ P AL -

?r&?ioua &ﬁsaxﬁﬁlan p,;WMW

'Euglenz gr&ezlxs ‘

,Unidpntifiea &lga |,
number g o

, Reaults aefer to the degree of sedimentaﬁion abvz
aerved macroseopﬁa&lly aftér onée hour of incubation
at 37 G For ‘the-test 0.5 'ces of the homologous euw
glena suspension was added to- 0. 5 ce. of -the-serum dilu~.
tion indicated.
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the immune rabbit aerum. with whieh the cytotoxmc yrin~f

ciple ia demonstrable. passively senaitizea guinea,piga:

to a prateiu extraat of the hamologoua ergqniﬁm fguinaa,

pig n;ﬁber 68)
s. maiysm of the ¢ tot‘oxi’cf{;‘rinc:.f“le..,.,-,« The. .

antibody is nanndialyzable. as xeference ta the variousa

:fraatienal pre&igitatxan yrocedures carriea aut (aee

table 4) will shaw‘

‘ g_’ The - methcd of - dialysis evalvea in the preaent wo:k
will be . aescribed in some- detail. haping that it may

‘be of use to- ather3 working. with ﬁmall amounts af material
:Gollara about ey dn length wexe cut frnm tublng of

1?& mm, internal ﬁiametax. ‘Both ends were fire-poliahad,‘
ana one -end- waa flarad. ~Test- tubea of 14%~to 15 mm. X
vternal diameter were next- seleeted. A aheet 30 cm. square
of ordinary- nen~muiature proof- eellaphane paper (yur-
cha&able fram any bakery supply hauae) was maistened with
Water and draped evex the test tuhe.. The glaaa callar |
kwae then slip@ed over the tube uutsmde af the. eellaphane.
flared end feremast rhegtupa‘waafthgn;w;thérawn,rlgaying,

the uellophang sac undistuxbed;l'iha material to he dine

cellophane paper is caming wiﬁely-into use aa a semi~
~permeab1e membrane., The writer is indebted to Dr. §.M,
Downs for fzrat calling her attention ta this,



 1yzed waa then put inta the sg¢, and- tha neck: nf the ﬁube
:wan rainserted in the inverted positien wheTe it served.

aa a~tightvatupver.j A larga gl&s& aar uf distilled water,
cOVered with a heavy cardhoard cantaining a number of:
holea ahou% twa centimeters in diameter. aervad as ‘the
dialyzing bath. The sacs were helé auspended in thxa

.’ny meana of the 1ip on the: aollar. The whale was kept

'at about 504 in a refrigeratcr. and the water was replaaed
‘aam1y nr afteuer. depending ugan tha number of such aialyz-
ing.unita;being;ac&oquatea.«faxwf;vagdayﬁay«afmg;fdialy»,’
is, the sac was inverted and the contents allowed to.
~drain into the tuba. Besiaes tha ennvanienne. rapiﬁity,
 and large ﬁurface area,- with this arrangement the dialyzw
,ing matarial is visible»

“ Oencentraﬁian of the cytatoxlc »rincibl‘;¢,w

'has long been thaaght by immunelagists that if. the antim

bodiea could: be separaﬁed fram th&ir inactive: aerum acs
 campaniments. 8- better underatanding af their natura could
be had. as well ae the mare effecﬁlve therapeutic uae
:ofrsume. The maﬁority of atﬁempta 1n thia diractien :
‘hava bean tawar& finding with which af the Bexum prateinsk
fthey are aesociated. A survey“of the literabure shows
that there is genera& agreement that the albumia fraetxon

ia inactive. but aa(to the distributian between euglobun,

lin and pseudoglabulin. there is eniire lack of agreement

&0



antibudies are stilx reyarted to ba entirely in the e -
globulin (Hallick and- Maitra 1952) distributed between
the euglabulin and the pseudoglgbulin (Kendrick and Kahn
1926); or: eveu sametimes in euglubulin alone and aameﬁimes
1n both euglobulin and paeudaglobulin (Taliaferro 1932):
or, finally. zn neither euglabalin nax paeuaoglehulin
(Felﬁan 1928) The following paragraphs are dasigneﬁ
to show 1n part why thia eanfnsien cf thaught exisﬁs.
Berum pruteins ean he Quiue s&tisfactarilyfseparated
into an albumin fraetlan an& a globulin fraatian‘ Th&
methaa eammanly usea o bring thia abaut 1s»one~ha1f
aaturation with ammanium sulfate. Upan adding an equal_
volume of a ﬁatuxated selution of- ammonium sulfaﬁe to
the Berum o« aarum salutien and allowing the- mixture
to atand Tor- several heuxs. -an: abundamt pwecipit&te
settles oube - Thia precipitata is the- glabulin fraetian.
Klobuaitzky {19311 haa preaented sama impartant
considerationa regarding the theory af “amltxng ont"
which is’ the term eommanly applied to the precipitation
\of pruteina and other colloids by salts. Whe ability
of a colloid to be aalted out depenaa flrat af 911 upon,
the degree of diapersien. The more finely distrihuted
1yoph11e cellaid is, the higher the sﬂlt aonventr&tian



nécea%wry uﬂ Eagﬁfﬂte zt ant of 9alutlon.; ¢he actibn

,o¢ the w&lt d@pendsﬂat least wartly upan danydrntian,

;i.e,;‘upaﬁ th@ w1thdraWal af the¢w ns of_solut&on.

<whlen ia the Weter. ﬂhe more fmnelJ dxotributeé a pZOu:
-tezn 13, the gremt&r i& ita $urf@ce and. cther things
belng equal, i%a surface energy With which.zt bxndﬂ

‘waﬁer to itaﬂlf, ﬁherefare,:the more difficult it is

)to thndraw water frem it.} Ii 1& inherent in the eol-

.1aida1 $aluﬁxon the t ﬁhe size of the dispersed yartzclma,5

even with ne external aausa Whatsaever. within certain
llimits is const&nﬁly changxng. zt 15 therefore very
:prdbable ta aﬁruma that in a snlutxen eonaiating af a
‘mixtura af globulln and alhumin. st the mament ar adm
dlﬁ;on of +he Salt there are present glehulin parﬁialea
mare fznely dispersed than the averwge and alsa albumin
particles wiﬁh o les&ex degree a; dxsyersian than their

avarage. The anly 1egitim&ﬁe canclusian ta be drawn

ffrom the ﬁalt canaentration neeemsary to effect precipiw.v

tation ia one concerning the degrae of dispersion.,

Thus. it ia clear that the alhumin and globulin

‘fractiona obtained by one~half aaturatian with ammonium s

‘‘‘‘

‘from the other., Huwever. the aeparatxon here is suffiu
ciently aiatinct fnr practlcal purposeﬁ.

Kauaer's publication 1n 1886 ﬂf the ammonium suls



fale fraetlenatlan methﬁd warked nut by Kofmeister form3«
»the paint af departurﬂ fex attempts qt subdlviﬁlons
-within the serum glebulin fractlon. 1t was found unon
fdialysis of tie fraaﬁinn preelpltated at one-half sat-
uratian wath ammonium sn]f%tﬁ tﬁat onlv a anall pmrt N
of the globulln was in&clubla in distilled W@ter., ﬁofa~
meiater anpliea ﬁhe term eugiohulxn ta the porti@n Which~
remmlnea insaluble upon di@lysis, and ta the waﬁ@rmaoln
uble 1 pertion he avpli&d the term. pseuaoglobulm., This
fcnnceph hﬁﬁ been madifiad by‘?auli {3924) He has shawn
by a cmrnful eieetradialysis cf»ﬁerum, the nrogress

)of Whlbh wme cmntrcl3wd by elpotxiesl ¢onductivzty de*
terminatians, thpt even uhe pseuﬁeglobulin prevmaus&y
.cansidered Wate? soTubTe aﬂtna1lv rwnvpnenta a water»
‘1nqa1uble globulmn he}q in salutian bv & reaidual salt
thmt h&ﬁ vat been remnved. If all valt is removed elec-J
tracqlly se that the aerum qvpraacnsq the eanauctzvity
of the purest watar. a comnlutely globulinwfrae albumin
salutian resulte.

%pproximstely onewthird swturatlon thh ammonium

aulfate has hepn aonalderea to precin*t@te the euglabulin,

and thia asaumptLon has been employed in much of the
worm upon Cﬁlum fractionatiun. Flobu thky (19a1),‘_
_however, haa thWﬁ ﬁhat it iﬁ entizulg incorract to

,oarry out the separaticn of the globulins into’ euglobulin

83
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and pseudaglabulin on the bas;s of ammanium sul¢ate
ggncgntratian. The aource af erxar mentioned ‘above. .
‘iﬁ:feéatdétéwthewaeparatianvof glcbulinmfrom albumina
 13 present to a far greater degree in the fractionation
of ‘the glabulins, for. globulin is a far more labila
:prateln than albumxn, and. the size af the! dmspersed
'particlea is much mara vmriable. Figure 5 is an attempt
to illuaﬁrate Klebuslﬁzky's [19&1} viewa dlagrammatim
fcally. Prebably the bewt evzdence We ‘have ror the exXe-.
isﬁenca af two dxsﬁinat proteins in the globnlin fraetlen
13 that of solubility, alnce aalubil&ty ia a very char—
kgatgristiq»pquertywqﬂwchemica;acumpounds‘ Further
subdivisi oiasjgaff?tﬁe}:Tg,;ifopu:.i‘:;xé«v ave probably not justi-
fied*Wiﬁh”présentfkhcwledge:f

| K10busltzky'e (lgél} abéeation does not. ap@ly to
'the fractionatmen of the globulln of immune serum by
Salting out When ‘this- is found E-18 useful means of oon*.
centration of antlbedy, but- merely to the ccnﬁideration‘
cf the fractlana obtaJned'aa independentfglnbulina,i3,:V
Xt merely happens Lhat the antzbodiea may be aaseciatedﬁ
with glohulin particlea of a defznite ”ize.§ Ke 1nszat$hw

'that a transltmon of globulin into albumzn or vlce versa .

does not occux.  In 1mmunizatxan and other conditiens
}where an increaae in glabulxn takea place at the axpen&e

‘of 'the albumin. thera has been no chemic&l transfoxma»
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Figure 5

Diagrammatic representation of serum proteins according

to Klobusitzky's views, showing that the size of the

particles rather than their chemical nature determines
their precipitation by salts



#ian, buﬁ merely a change in the degree of dispersicn.n

Thia queati@n has reeently been i 1eed anew. Fisaher b

(1932) auggesﬁs that the glahulins of serum ara mereiy”
albnmin~heyarin campounds. baeing his opxnien upon thef
fact that the adéztion cf heparin ta crude aerum albuo,
’min causad the preaipitation of a aubstaﬁéé which poan.
vseased yhysical eharacteristiaa (&olubillty, preeipln-'
tatian by ﬁalts, a%a.) of gigbulin. tuerefere muaﬁ be-
‘globulin. ﬁlﬁheugh Eiaeher!a (19&2) abservatiana have«
fbeen verifiea by athera (ﬁboker and Bayd 1933: Earle
'and Howe lgﬁu). these preeent adaitional data whmch
invalidate hia cnnoluﬁlonﬂ. ﬁnokar and Kayé (19&2)
’found that. riaeher'a reaulta aauld not ‘be. obtained with
purified eryatalxine Berum: a&bumin. Mﬁreaver. testing .
‘Fisaher’a hypathesis with tha mare delicate and Specif1¢
*methadﬂ of immunalogy, these autaars fauna that the
~albumin-heparin compound of Fiseher atill reacted to
'the same degree an. albumin with au anti»albumin serum,
'and did not react with anti-glabulin aerum.

Other eenaiderations which are of intereat in can—

nectiun with serum fraatienatlon will be mentioned briﬁfly.‘

,vnirormity in resulta could hardly be expected witn
such variations in methods as have been employed, Klobu«
'sitzky (19&1) pointa out that resulta with ammonium

‘aulfate preclpitation cen not be conaidered ccmparabla
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unless consideration has been given to tne method of .
preparation of the emonium sulfete solution. . The satu-
ration must be done at room temperature, for sn acld
solution results from disintegration of the ammonium
sulfate when this is hemted.-

' ~Keatingy@ﬁ»serummi$wwéllwknﬁﬁnwtawaugwentmtheaglobusK

lin fraction at the expense.of. the albumir fraction, and .

ta &ugment the euglobulin at the expense of the pseudo-.
glabulin.

-%here~iawsomewevidenéegtna£¢thefaﬁima1 pr0dueing
the antiserum is-a-faclor.

o ?ha aegree af ailution employad ia responsible
:to no amall extent in the GGM§&$iti9ﬂ af the reeultmng
precipitate. 3anzhaf and Gibaan (1968-'99) atate that
’at dilutxana ef horae plaama in taa preeipitated mixu
 tures of 1:1 5. 1 5. and 1:10 the ammenium sulfete "ou-
'globulin“ fraction amounted t@ &b@ut 6? ta ?@. 30 4o
 24. and 10 to 15 percent‘, respectively. of the total
 serum globulin in ypth‘gprmal anﬁ dlphﬁheria antitoxin
;plasma.; mhia behavier 6f euglobulln resulta in &n in»
Mureaaingly diminlshxng amount cf yrecxpxtate When the,.
 eug1obu1in is waahed or repxecipitated (eee numbera
846, 7, and 10 0f table 4) -

In Bummary of the above diacuasion, it may be said

[that there 15 evidenca for the exiatence af three dis~

a7



tinct sexum yrateinﬁ* namely. albumin, pseudoglebulin,
mnd euglobulin. Anﬁibediaﬁ are nat faund With the al-
’bumxn frvctian. Atuemgtq ta i&enﬁify tham thh ene

ax the ather glabulin fraetion hwve been legzon, and
"tha reaulﬁs uanflicting; Ehese &re chiefly ef intereat
ftc the extenﬁ thﬁt ﬁhey have resulﬁed in & means of
uunaentr&tian of antibady.

The reanltﬁ af ‘an- attempt tn noneentrate the cyte»-
itoxic pr:nciyle in anti-euglena rabbit serum are shown
5zn table A In practically every G&EQ three aerum fxaewv
‘tione were abtaxneé. The designatxon af theae aa eu-f
 glabu1in. paeudoglobulim. and albumin is merely for
convenxenge. na implmaatinn being inteuded aa bo their
‘nature.s E&ch serum fraatlon after dxalyaia was made
(up to the oxiginal vulume ef the aerum with G 9 % aodium
jchloride aalutian. milute ﬁedium carbenate salution
Was added - to the euglahulin dialyaat& until the reaction
waa alkaline to 1itmus in ‘oxder. to effeeﬁ aelutian.
jbxalysie as.a means of seyaration ef the glabulins,,
although theoteﬁicmlly carrect, yractically yielas only
& minute amount of precipitate (3&nzha£ and Gibson 1908~_
'09* aee numbers 1 and 25 of table 4) whe method dem o
viaed through the New York %ﬁate Board of. Health for
,the concentraticn of. diphtheria antitaxxn (waﬁaworth -

‘1927) left a portlon of antibody in each:globulin frac-'



maE ¢

Yetho of

oo BETUM .o | BETUML
fractionation|  [Euglobulir

Fo.

T une . -
T;kg-o'
lrisoe [

I 1 0% st widh ’(;{u,\,se~

T dialy st ’:looo RN ) w
LRy S »

No+mal

€3

C Tmmune wecoc  EW pets wet washed.
TH'.Q-')

11000«

W ds worth (1927) 111000 = 4444 | 1110002 44uy

Novmal

4 © - Iike 3.

1150 = ++++ -

..5 I'mww.na.
111000 = Fp++

5| - Tike
TL'(Q.",

1:1000

Eu. ppt. washed omea,
11250 = +++

1 6"  ‘ Likﬁs « | - T | -‘

No+mal

) <
Ew. ppt. washad

. Like

O S

Tiio:v)
I: too0

110 = 444+

127000 = +44%
1:2000 = 44+

“"""’“G\‘X , thereby
‘os'ﬂ\s wn uch ihvaush
soldiom . ..

© Like

L

“ovm'\\,

| Pelton (1928)

Tmmume
Titer
. 1:te00

o separation




- TABLE 4 - continued
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tion {aee numbers 2= 8. tabie 4) Felton'a (1928)
'method ior pneumocoeeuﬁ antibady was not apnlicable,
' 30dium chlormde precipitatien in acme casee aeeme& ta
_nge all antibady 1n one. fr%etxon (sea numbers 1?. 18.
}21. and 22 of ta%le 4). thaugh frequentlv with some
‘losa in titer {see numbera 18, 21. ana 22 of ﬁable 4)
'Theae resulta were nat unifarmly eonazstent hawever,
‘even with the- ﬁame serum. (compare numbers 17, 18 21
~and ?2 of table 4 with numbera 1Ry 14 ~and. 15).; The
uae of - acld as-a. preciplt%nt was avuided since 1t was.
found that this entailea enﬂsider%ble 1aaq in anb;bady
,(campare number 12 ef tﬂhle 4 with- number 14)

_ ?reliminary expeximenta had ehaWn thau the cvto~:
,toxic principle 1n anti»euglena rabbyt serum is assa~.
ciated with the glebulins, anﬁ not with the elbumln
,(see table 4).» whe Tiltrate obtained after 48 to 50
»per cent. saturation with ammanium qulfqte was aIWays
inactive {see. numbers 1 - 8 and 10 - 21 of table 4.
EMoreover. it waa 1ater faund that the antibody was enQ,
‘tirely removed hy 42 per cent. eaturation With nmmenium
Haulfate af 1:5 °erum dilution (see numhers ?1 - 23 of
“table 4) ﬁince a oonaiderable amount of extraneous
‘subatances are thus remaved in one step, d? per cent,.

vaaturation with ammanium sulfate could logically be

.taken as the starting point for further cancentration.,
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8. Relation of the nytafaxic nrineiple in immune

serum _to. th%t present in normal serum - It has already

‘been mentioned %hat the toxic effecﬁ upon euglenms af
nurmal ﬁerum reaaiiy aisapwears upan heating tne serum.
at 96 Co for ane-half hour, while. nhe serum immune to
cuglenas is unsffected by such tvestment. This indi-
¢atg$>that§aamplementgingﬁfacﬁe?;in th¢>notm&}gse##m :
reaction putfﬁhé? it 1s not necessary in the case of
the immune. aerum;~~Thia»diffﬁién¢e ﬁetwéen-normal'and~»
,immune serum finds 1ts anly amportanﬁ analogy dn. immun~
ology in. the apsonina aﬂﬁ ﬁrapins af narmal and immune
;ﬁer& resyectively. Xn “the ‘case. of all ather antibadies
(&gglutanins. lysins; - etc ) it has been "hown that in.
struature and. maae of- aeﬁien the antibodies of immune
serum are in every way qualitatively aimilar to the
corresgmnding ones uf narmal &erum, repreaentlng merely
a- specxfie quantxt%tive increase cf e&bstanoes originally
yresent in bmall amount“ (quated fram Rinsser 1951

Do 335) However, it is “now the generally accapted
view th&t bo»h normal opsonina gnd 1mmun9 onaanmns,_

or bactariotronina. have a dual aﬁruature. in uhe sense
that they 1nvo1ve, or may 1nvolve, the combxneﬁ mcnlcn
of a anecific senai*izing antibody and comylempnt' but
:that the vvry 1cw conc«ntration of the speczfzc antibadiea

in normal aerum necessitates the adjuvant action of



a considerable amount of complement -before its presence
can be detected, so- that the complementary action appears.
to dominate the picture, while the high conoentration -

of the specific antibody in- an imnune. serun reduces the
adjuvant aat;cn af the ccmplemant to a mere enhannement,
of an. effect Which takea place in its abaenae“ (Tuplay;
‘and Wilaan 19w1’ p. 176)

- 21naser (1951) suggests that the 1eukacytea them-
selves furnish aufficient complement for the action
ofktrcp;ng, If auch an assumpticn seema naaeasary.
it 6oaid7he'made as-well»in-the-case of~antibodiesrpro~~
ducing an. injuxzuua effect upon their 1iving cellular
'antigens apparently wiﬁhaut the aid af complement' for.
vthe cells 1nvo1vedwthus‘far ~~paramecia,vamebas. cer-
tain diphtheroid bacilli. and euglenas - for the most
part are large- cells whieh eeu1d~be asaumed to furniah
enzymes With funetian analagoas te eomglemeﬂt &s well
as the leukocytes con. Hemilton's (1908) work with
thé Ruedigér bééillﬁa’nead notrbe cohéidéred fufther
’here, for there ia little doubt that she waa dealing |
with a simple thermoatable antihody in both normal and‘
immune sera.v Unfortunately, with the wmebas and para-
meoia no study~has been made of the normal antzbody.

Experimenta were carried out ta determine wheth&r‘

the toxic effect of an immuna ‘serum upan euglenas ie
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enhanced by the. additlon of. cumplsment mheré‘ié\eéﬁQA
aiderable evidence that thls dses owcur in the caae or:
4trogins.‘ It haa already been ahawn that the texmc ti~ u
ters of. fresh tmhea.ted and af hea,teci anti-euglena. ra.b-
bxt ser& run parallel. Although thlﬁ indicates th&t

an antibody ia present whlch doea nat require free ‘com=
,plement for 1ts demanstretlon. it &oea not show the
comparative effect ef the antzbady With and without
fzea‘complemgnt,-ipnathe gmount»gﬂucomglemant presentﬂ
in 0,0005 co. of Fabbit serum (0.5 cc. of 131000 dilu-
tibn) wbuid~beﬁnégligibiégv?ﬁﬁcordihgly;ﬂth§ ¢ff§¢t,1 |
of ‘the ‘?a.dditi'ézi-ﬂoffa"erum ‘containing complement was studied.
;The results are shawn in table 5, whe high toxicity

of the guinea pig serUm Was & disadvantage. but the
Jamount uf camplement used -was’ shown to be fully adequate
1n the hemolytic system«withwexeeaswof'hemolysinf‘fThe
‘resums clearly imﬁ.cate that- the toxic effect of the
1mmune ‘serum is increaaed by the vresence of free come
p;gmenz,

- The question arises as to the evidence for the
e?iﬂtenﬂe:Of3&#f&ﬂtifeug}én@aaptibodylin;norma1 éexnm.~.
The work of Mackie and Finkelstein (1951) mekes it seen
improbable that the bactericidal effect of. fresh nermal
serum 13 due. to complement alene. Hewevex. this question

is still controveralal. Gordon and~carters(1952) hold



TABLE 5

Comparison of cytotoxic effect of anti-euglena r@bbit
-serum. witg and w:thout free aom@Lement

46.

3‘ 3érumf&ilu§i6ﬁ V‘

Serum | —
1:500 | 1:750 Jifooo; J:1250 | 11500 7:2000 |1:2250 |i:2500
Without fccmplem\entg Gttt | A |+ + - —_ _ _
Vith guinea plg serum® .\ | coee|erbt|ars | aur | war | oo | o
With rﬁhbit serum4 DR b St R Bl Il b | ++; -

| S 10,25 ‘€0 -of - immune. serum dilution.and . 005 ec.,of

standard euglena suspensian én each tube, Total vol~
ume 1.0 c¢e, o AT

QSaline cantrol negative

0 25 ey of 1:20 paoled guinea pig seru addad

to each tube. This amount of unheated guinea pig serum .
showa aﬂenplus texieity penaae.

0.25 cc. af 1:10 fresh rabbit aerum addetho each

'tﬁbe. This amount of unheated rabbit serum showed two-
plua toxieity per se,
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that variatzens in ﬁhe bacterieldal nower of normal .
'serum agalnat d fferent erganism“ depenﬁ mexaly unon
the sen itiveneas af thpsa oxganlsms te nonneyecific
factors in the 5erum. Heated normal aerum xetsxna a
 vexy slight opsanic aatimn, Heated serum in. low ailuo
“tion likewiae is toxic ta euglenam, but it must be aduk
»mltted th t atner 5ubeﬁances than an antibody cculd
contxmbute to this.

_ 3pecific absarp&ien of the toxic subatance fram
narmel aerum,coulé not ba demonstxﬂﬁed. 51nce the anti-'
_body would be yresent in small amount only, it might
not be poasible ta diat:nguish it from other tommc serum .
;conetituents.

It is. Well known ghat additian uf cemplement to.
\heated nanmal -serum: reatarea 1ta full opsonac wvtlon,
iHowever. no-evidence ~could be abtwined that thxs also
‘reatored the tcxic a»tiwn tQWard 9ug1enas. Remembering
~ the quantitatzve xelationshmpa wnich muaﬁ exiet between
‘antibody and-cqmplement, th;s is not surpriging. With
the qmall émount of‘an ibody thﬂt can be present in .
normal serum. there may well be raquired a larger amount
;.of complemcnt then can. be used w1thout e&ceedzng ‘the

toxia dose of fresh sarum.
- Discussion

Rarlier immunologists ascvumed that the different



'effeeta that ecula,be preduced by an- immune serum were

each due ta a different cenatituent of the aerum. Accord-,

ing to the mcra reaent “unitarian“ theory, to eaeh chemi~
cally distinct antlgenic eubﬁtanea in a cumplsx antigen

the animal body respon&a with the praduetxon af a aingle
«immune substance. Gensidered faom thie viEWpoint ane |

wau&d laok te an unusual aanaitiveneﬁs of the cell ta

alteratianﬁ 1n its environmant rsther than to any peeuliar.

charactexistiaﬁ af the antibody for an explanation af

the apecifie taxia aatian @f an immune serum unaided

by free aamplement. The fact th&t the yresence of serum
camplement definitely enhanees the re&ction alﬁe teuds

to align thia antibady with the other knawn antibodies,
and givee hasis far the aﬂsumption that the inaary to the
~ce11 may after all ba the resumt cf an antlbody senai»:
tizatiou to eomplement. The followxng statement by

‘Mndd et al. (1929) concerning eertamn acid«faat baeteria ﬁ
 whidh do not agglutinate although the aurfmca potential

'differenca is reduced well below the level neaesaary

for related farms. and coneerning uthers which are phagou,

cytized to a high degrea even without ﬁerum senaitizatian,

\ia pertinent here alao.i They atate th&t phagoaytoaia
‘and agglutination can nat be formulated in terms cf the

senaiﬁizing subetanoe alone. but aepend both an ﬁhe

pronertiea of the eenﬁltxzing sunst&nae mnd on tha inw

48
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trinsic properties- of the bacteria un&argoing sensiti~~
zatlan.l ‘This of - course aa%upaa that tha senaitiaing
film never bamames eomplete. far in that case the. pxum,

perties of the antigen would be masked

11, THE PRODUCTION OF ANAPRYLAXTS WITH
. BUGLERA mmmmm l

aud eertain atham |

Unioellular Ghlaxephylleearing Grganiama

A study oL aﬁapﬂyl&Xla with- euglenas and With the;
unicellular algae available in. pure aulture was. under~~
‘taken first to determine. the. applicability to. the problem
at hand of. methods depending upon the praductxon of
hyparsensitiveness, and second. ta investigate antigenic
relatianshipa among these: arganisma by thia means if
‘found applicable. The smooth- muacla reaction ef Qale;

clinical anaphylaxis. and Arthus' phennmenon wexe studied.

fggterials,andnﬁethadag

~The organiems uaed in. addition to the varioua forma

and straine of Fuglena gracilis were stichocaccua ap.,.

chlamydomonas sp., and the two apaciea af chlorella o

previously deeignated as number 5 an& number 11.
A total of. 68 guinea piga wage. uaed in this study,

Tne ma;ority of these were virgxna injaeted 1ntraperi~
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»toneally With a protein extract and tested for active
;senaitizatian bj the Bale {1910) teahnie.

;gvcellular exﬁraak modifiad from the teehnic of
,ﬁesredka 1906) was used for the antigen bnth for in~ 
Jection and far the teats. Tha volume used (see table 6)
is that of . this un&iluted ex%raat. Its. preparetian :
Aaanaiated in miﬁing ﬁha dried oells with c p.vﬂcdium -
chlariae crystala, in the prapartiun af G 45 gram smdium
*chloride per gram af dried cells. and grinding in ‘a.
Amortar to & flne pewderc aistzlled wat@x~was added drap
'by drop with centinuaua grinding until a 1iquid resulted
 Thia was then suaken vlgoraualy for an hour or. twa, .
after Whlch auffzaient diatllled water waa added to
 bring the eoncentration te tnat of a phgszoleglcally

normal ﬁalution.4 Erelimanary reaulta on - virgln uterine

,and 5.0 ac. ef &xtraats @f the ather farma were nnnw .
tox1c doaea. HOWever. &xtracts made from time to time
\varied. 80 that oceaaienally toxzc reactxana were encoun~
tereﬂ with mueh amaller dnaea. ﬁa toxic reactxona were
'encountered when 0 1 ac. qugntltlea were used 1n the
,teat., A8 a protezn extract of %ne ferms used the Bes#
'redkaymodificatzon waa conaidered inferior te the Hop-
‘kins et al (1900) extract but its. use. was cuntinued

for the sake of unifarmity in resulta.



Tyrode's solutian.CSQIImann 18-} was used a8 the
bath in the Dale methad wiﬁh anawhalf the uaual amount
of calcium chlariﬁe‘ a8 recammended by Dale (1913)

e “In apite of- tha low agglutinin and prec;pltin ti»
tera ahtained axyerimentﬁ wera aarried 0ut to deter»
'mine whethar it m;ght he peesible ta aenaitize guznea
’plga tc the Variaua arganisms. either actively thh a
‘protemﬂ extraa& Qr paa&ively With the sarum af the treated
rabblts.

| With the wirgin guinea piga. clea&ly posmtive re@a«

‘tzans with reau&tang deaensitization were abtamned with

the majarity af 1iving uterin& stxips. The~maat aig-

~nificant results ar&»shawn in tablews and in figures

56 and ?. Bath aetive and paﬁaiva senaitization t“fhuﬁ

gl ens;,
'of the other organlama in a8 far as experimented with.

raczliskwere demanstrateu. This waadalaei;rue

o Wlth the @mall series af guinea pigs in. which an

attempb to demonstrate clinical anaphylaxi& waa mada.;
only doubﬁful and negative reaotxuna ware nbtamned. e
V’V Arthua phenomenon waa elearly demongtrated in the»
caae of three rabbits injected auheutanaaualy for thiam

purpase. one With Stiahacoccua 8p.. one wzth ﬂhlorellam_

sp.. and the thlrd with Fuglena gpacilzs. The eerum

51



TARLE 6

Results of Dale tests
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Figure 6
Right uterine horn of virgin guinea pig no., %6

(Iliustration“is tracing from a photographic
reproduction of original chart.)



Right uterine
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-Figure«7
horn of virgin guinea pig number 39

is tracing from a photographic reproduction
of origina1~chart)

0.3 co. E. gracills (Turtox, green)
Changed Tyrode's solution, i% mlnutes.

0.2 cc, B, gracllis (Turtox, green)

., Changed Tyrode s solution, 1 minut?.
. 0.5 cc. B gr%cllls (Noland, green
. Changed Tyrode B 80

lution, 1% minutes,
0+% cco Eo gracilis (Noland, green)

5.0 cc. of 1.0% barium chloride.
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'of the stlchaaocausuimmune rabbit contained precipitins

(1:50 Bearcdka e tract}

:giaeusaion

g Ko 1nd;cation of an aﬂtlgenla relatmon&haﬂ between
the euglenas and the 1awer green algee was feund (see
right horns of numbera 4 and u& ef teble 6. and figure 5)

3y‘meeﬁa or the smaoth muscle anaphjlaetic reactlon,
1t has been §QS£lble to diatinguish between the. normal
green and the hJaline dark fcrms wathinuene s?rain of

'?uplena graa*Eza - see rzght horws of numbers 6. qnd : |

40 of table 6, and. figure 5) It will e recalled that
 1t wae not posslble %o do this by means of. the cytotoxin
reaatlon. The reﬁult abtained i% 1n harm@ny wmth the
_Wark of Rosenblat (lle) and of Lzeaks (1916) Rcaen~
:blat (1913) demonstrated distinct agglutinins far green

‘and ealorlesa forms af ﬂhlorella pretothecoides.a Lieske

'{1916) eould dateot na aeralogieal differenee between :

a green oulture grown in the &ark and a colnrless form

Tof the same org@nism, while differences cauld be deteutedf
fbetween these and green culturea grown in the light.

'ﬂe cuncluded that it maa not the pxesenee or absenee

of chloraphyll which was re&ponsible for the aerologi-,
cal difference batweeu green and aolorleee cultures

of the same ayeciea. bvt the autotrmphic ar heterotrophicvw

.mode of nutritlon canditianed thereby. This aacribea




‘the differance between green and colorlees cultures

tn vhemical changes in the pratoplasm more fundamental
than the mere. abs ence of chleronhjll. whieh Qherwood
(unpublished work) haa shown! is: nat antigenic.u Bpfer~,‘

ence to number 58 or tqble 6 shows ihat no difference

could be fguné in thiﬁ one insfance between the hyallne g

llght form and the narmal green form. Gemparisan witn
number 68 shaw& that this does nat necessarily mean
that the hyallne light form bears a 0108er antlgenic

relatioﬁﬁhip to %he nermal green form than does the

hyaline dark form. but rather 1ndicates that the metnad~

,givea such variable reeults that great cautian must |
be ereroiaed in drawing aoneluslone from a. amall aeries;
“ . mhe cvtotgmin reactien has shnwn the prebable iden«
tity of the- narmnl green forms of- the.ﬂoland wurtox, }
and Jewell sbrminﬁ.» The ''''' left horn mf number av (table,
6) and the right horn nf number *9 canfirm thiﬁ aa to
thp Turtax and Nolanﬂ strains, but tha lefﬁ horn of
,number 6? auggesﬁs the noaaibility of 8ubgroups withxna
the twa main grouws thnt have baen established in thlsy

work for ?uylena gracmlia.. However. the results of

nale (1913) wmth multiple sensitizatxon should make ug

cautious abaut drawing cancluszons as to 1dentitzes

based upon a suppoacd apecific deaensitivation.u He .

found that awnonuepeciflc deaenaitlzatlon readzly occurred,
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Gne example Will sufflce. aA v*rgln gulnea plg was sen~ .
}sitized to a mixture of horse serum. sheen serum, and
egg white, 1£ th% 3nt1gen9 were fe ﬁed 5n the order
listed, a reaotion cauld be abtnlned to eechz hawever;
1f gg white Wera given first na reqnonse coulﬁ 1ater
be obtalnvd ta ezther cf the sera.~ In numbers 07 and
39 of table«ﬁ a cammon antigen is 1ndiaated, but whethe?
there is identity or nonuspeclfic deaensitlzatlon can
not be determined by thia neans.: The above statemenﬁ
also holda true for the narmal green nnd hyoline llght
‘fezma as reacting in the left hcrn of number 58.

The significance of results %uch as. those ohtained
with numbera 42, 4&, 5o. 61, and 68 of tablexe ia not
understaad. Thzs haa accurred toa frequently to be
an aecxdenta}erria¢ian. ﬁpecific aensitxzation is
proved with ane horn.x The vther harn, tested flrst
thh anothex antigen. doea not- react ta thxs antigen
nor latar to the hamologoua one.ﬁ |
- Whe great variatxan of a method based upon an BX*‘
perimental animal has been emphasized above. Oomparlsen
‘p: ppmpgrshéz. ; end 55 with number 50 furnishes another
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II1T. A STUDY OF THR CHLOROLYTIC EFFECT OF SERUM

uhprweod (I925) ‘hasg- described Es liberaﬁion of
’greeniahpyellow yigment frnm the cnluroplasts f cer--
tain higher pl&nts which was brought abeut by the serum
‘cf variau& animals in the nreaence of plant extracta.
:Thxa effect whmch he ealled ﬂchloraljals“ wws nat1ce~
'able after one hcur at 5? G,. and did not ocaur without‘
'the plant extracﬁ.s &lthaugh the word "hemoly%1s“‘ from
iwnich the ﬁerm ”cnlorolysia“ Was ceined. conoerna only '
‘one yigment the 1atter term was lntenaed to cover any
pigments invalved. 
e Elmore (1928} adapted this ﬁerm for 8 raault ob~
itained by tne acﬁian Qf serum alone. The present aection
‘ie a further study of thls phanomenan, whach it will
be shown is not identical with that described by hgr~

'muod.

| Exparimentg,}: Vork

1. The chloroplast factar xt had previously

(Elmare 1938) been found that euglenaa killed in varlous

ways underwent chlorolysis when in centact with serum.

‘uuch ehlorolysis haa not been obtained With unieellular
algae heated to ‘the tempernture that killed the euglenas.

fHence. a atudy of the effect of heat on these org%nxsms



‘Was uﬁdertaken;: Tgﬁ1eﬁi<givesfthe"therma1»daathvpoint8=
of thféefunicellﬁlaffaiééé?éndidﬁe'épeciéé 6ftéﬁg;ena;
determinpd din the usual way.

Heavy susnen&ion of these orgdnisma were prepared.
Fach was heatﬁd to- iﬁs taermal de¢ﬁh polnf and 1ncubated
‘With an equnl quantitj of serum, but again chloxoljszs

,r.’

occurred anly‘in the case of the eug)anas.v Hawever,‘

when chlorella sp.w # 5} W&S heated or thirty mlnutesl v,

et 56 tn 60 G.. chlnrelyszs, though lesa 5n qusnuity,
»was cbtained just ae with ﬁhe euglenas heated only to
their thermal death paxnt ATvidently. with thia specrea
\of chlorella, it 1s neeas¢ary to heat to B temuerature

somewhat above the thermal death pumnt in order to B

obtain chlorelg 15, Kawever, with the mtner two algae.

Chlorella sn. (# 11} and ?ratoaiphan botryaldes, chlor—

'olyaia could net be obtalned even after heatzng at 75“7

ta 80".0. far aneuhalr heur.L With the euglenas the amaunt

of chlorolysis was only slmghtly greater with organisme
.heated.for,ten minutea at 50° €. than with those heated,~
at 45 0

in additmon to the: unicpllular crganiama manticned

above. similay tests: ‘were tiade: wzth the chloroplaeta
}contained in finely ground suSpensiuns of leaves of
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alfalfa (Medicago sativa}. red clover (Trifolium prntenae),

and the common broad-leaved plantaln (Elantago mﬂgor)
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Heavy Washed susueusmons of - ground 1eaves (1G“rw~20 %)Z
were ubed chlarolysxs aaeurwe& with serum. but the
calor ef the supernatant fluid waa slight as- aompared :
to the vexy intense bluecgreen eulor resulﬁzng when a‘
‘heat-kmlled ten per Gent euglena auﬁpensien Waﬂ 1ncu~
bated Wlth an equal ar smaller quantmty of aerum. 6erum
was necessary for chlorolysis. as. Shown by the faet that
the contrel ﬁube cuntanning 0 9 per cent. ﬁodlum chlaride
solutian 1n)nlaae of- serum in every inqtance remained
,perfectly olorless.

2. The serum faetar 'éhlétniysiswucvutredafrcmf'

every serum exyermmented with whether freah or mnac*
tiVated. reaautly drawn or preaerved zor manj weeks.
nog, guinea ng. and numereus aamplea Of human and raba
it aarum were. uaad. No attempt Was made to calleat the
.blaod in the fmstlng atate. Th@ amount nf chloralvaie
varled with dlrferent seruma, as- Wlll be dlseu&sed belQWd
| Xt ia stated el aewhere (Elmare 1928) that the amount
'of chlorolyais obtalned with rabblt serum is- nat 1ncreaaed
by immunization.; The serum used was. an aﬁti-euglena
,rahbit aerum with whlch a cytotoxin was reedlly dem0n~
strated in a dllution ef 15?000. although the customary
'antigen~antibody reactiona were negligible.v In agree=.
:ment with Sherwood (1925), this chlorolytlc.properny of

serum was not found in comnon plant extracts. Inaamuch



fas ehlaroph;ll is 11ﬂoi& qoluhle, it was phought ‘probable.

that the 1ipoid contenk of the -serum was‘responazbla
;fer the chlcrolvsis. <The follmwiﬂg Tindings tend to

auppert this vzew.

Blcaz (1925) atatea that the v~lues for total lipeid

?ahaw wide v~riationa iu dxffarent species ana to a 1esa f
 exten+ in 1nd571dual& 9f the aame auacxeﬁ. 8ince human
 serum geemed - eonalatently ta have a distinatlj greatcr
‘éhloreivtlc effect than rabbit,aerum, a &eries Waﬂ set
.up ta better detﬁrmine'quantitative VQr*atlons. Thble ?
showa th%t the chlorolytic power ef the aera u&ed ﬁa» .
Vcreaseﬁ in hﬁw fullawing order: dag. humpn. rabbat
guinea nig. Bloox (1993) gives 0.490 &s th@ average
;totsl ligoxd by Weight per 100 cc.‘plaama for the dog
fwithaut food for: twentwaour hourg.w wathews (1960)

ngea 0 1 to O. per cenu. as: the noxmal fi@ure ror fat

in human serum. Bﬁssen's (19?7) renge for normﬂl rabblts*

'on narmnl feed%ngs taken at dmffexent times of the day.
}and determined by,nang'a micromethod is O 057 to O oea
"per cant.!total fat Fi5u368 far guinea pig were not |
»aval;able.

| - The effect of incre«sed fﬂt 1n the serum follow-

1ng excesaxve fat 1ngestzon W?B stuéied A dog Was

blad nine hours after a carbohydrnte and protein meal

,and again %hree hours arter a me l rich in fat 'Tha;/,



fCompara%i?e;¢hlarqutic§ndwer@g§»sera*

o lwxinnua\ Serum Filatlon. .
Species |Undi- l 0 1310 ~1:25 | 1350
oo luted o ) i o =

dog '“41
- ﬁuiaan 4

‘Rabbit 4

;éA:é*féy<ﬁ

o é@iw#7‘€¥'~
B TR TR

Guinea nig

w©
o o wor

0 5 ¢g,of 12.% suspension of Tuglens grocilis. in:a

0.9 % sodium chloride. solution- waﬁ added. to0.0.5 ¢e. .
of the serum dilution-indicated. «Suspension-had- been

“heated in a water bath at 5070 for den minutes, - Incu~~

bation peried 1% hours-at 37 Cyy followed by thorough
shaking, then 24 hours in refrigerator. Figures repre-
sent arbitrary degrees of ‘chlorolysis,
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chlorolysis resuliing from-the 1at»er serum wws much
grﬁater. -The tests With the two aera were carried eut
,at the same: time and tne tuhea rewd in e camparstor.
‘Also, fatty- humnn sera had a gre%ter chleralyﬁie effect
‘than other narmal ammplea. ,

| Ganaiderable ehlarcljsls r&sulhed from an emulsion
,contﬁlnlng the lipoids eytramtsﬁ frnm 5erum by alcohol
and ether. follewxng the method of ﬁloor. ?elkan. and
‘Allen (19??} Thepfi;&xa$e¢Wa§5evgppygted,:anﬁwguffiq
:cienﬁg@hyaiclogical#s&iinevsa;utiO?}édﬁeé-Fmeahé»the;
«volume édualvtOwthai”of~the-Origiﬁai~serﬁm¢~w?rumftheae

exneriments, it 1ppears that the amaunt ef the chlor=

'olysia varieg thh the 11poiﬁ eontent af the serum uaed.f

S Analysis of. rerultiny supernqtant fluid

?he absarptiou spectrum of- the supexnatant fluxd fram

euglena “chlorolyais“ was: campared with that of an al~
coholic extr&et of -fresh- euglenaa, using 8 syectroaeope
jprovided with a comyarison prism. The two apectra were

idantical./ This- 1ndicatea that the chlorolyzed pigments
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are in true solutzon. far in collomdal aolutlons of chlcr-

ophyll the abaorption bande are shifted to the red end

of the spectrum as compared to those of a true anlutlon
(Spoehr 1926).

véliRate'ofrdhlorolysia s The above work Was con-u

cerned merely with the tatnl amcunt of chlorophyll that



dszuses out within -8, definiﬁe period of time. Whilg%
‘it haw been: ahawa {Wlmare~1928)'tha%wthewamsunt~ofvchlor»
 olyais is not- greater for immune th%n for, normal serum.
’the pos:mhility remaxned that immune Bprum might brang
about more rapla chlaralyaia than narmal serum. ?ren
'1im1nary exﬂerimenta -showed. tnat same chlawophyll was
‘transferred ta ‘the. 5erum within a few eeeands. In order
to study the rate at whzch d&ffu ian goee Gﬂ a method
“waarwa;keawgnteby~meansfof;which the4prcp93s5gsrslowed
down sufriciently to record the early changes.
‘:TheVmeﬁhcdmcaneiatswaf«repeatedmfiliﬁatiénﬁ~ofv
:the sarum thruuah a:pad- cf aabesﬁes fibers on Whlch _
’auglenag or: other cells are held. 1n ar Gaaah crucibla.
¥ith the suction applzed, 2 cey of a 1:10 dllutzon ef
'éerum in- nhyalolagical saline solution Were added.
The filtrate maﬁ collected in a te“t tube. and the time
'reaorded in peconds- frem the mcmﬁnt of adding the serum
to the moment of release nf muc»zon when flltratxon
’was'camplete;~ After~each filtrthonwthe:filtrate~waa
1quickly matched in a camparator thh a stanaard tube.
and the filtratlon wes then repeated. |
L The! amount of. chlorolys:s aftar SuCLEb&iVB filtra»'
tlona was. determined bJ comnariaon with a series of

fstandard aolutiona. Standards rrepared fram an alco-,;

;holio extract of euglenaa were too yellow, while extracta
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,of<ehloraphyll~alone{Wergwgqp;b@ugﬁfp;iggtigfgqﬁpry¢i»
{comnariaﬂn°; Sy tﬁe method afkfhaﬁcher~(1921)-thé‘chlaro-
gphylls and.yellow pigmemts were seﬁarated. and, half

of the y@llow pigmenta were. put bsak with the chloro~
phyll.V This gave: colnr ﬁtandards which cloaaly matched
in. volor the %olution obﬁained by ehloralysis. The
stqndard sclution vas: brought4by‘QVaparatmon 10 a-volume
 reyresPnting B 5 ver- cent. susnension of hhe original
‘cellgufgompwhiohgiﬁ«waﬁwprepared. Eaing 50 per cent o
;methyl“alcoh619ééga»diluent~ series of: cancentrations
,waﬁ,maée;fbgseﬁfupon»this;stan&ard«yigmept7solption,3
eaph $ue9egsi#étubeAdeareésing}by épproximately120~
;@eﬁ cent, .

4‘ The reauiﬁa L 4his. study are: shawn in the accoma
ipanying diagram (figure B). The rate of chlorolysis

is seen to he no greatex with immune thnn with normal
 rahblt‘SQ?um;jx i}hwhumangae;umwthe,aiffuaion”isﬂmorg{

‘rapid than with rabbit serum,
| ﬁiﬁéﬁééiénj

The chlorolypis deacribed above resulta from the

action of;serum alune. The fact that it 18 not increased
by the addition. of plant extract distinguishes it from
thet deacrlbed by Sherwcod (1925}. 8herwoed dxd not .

cbserve chlorolysis with serum alone, prcbably due to
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.tha more dilute chloroplmst qua@enalon with whxoh he.
worked In repeﬁﬁed aﬁtampﬁa to duplicate his reaultsw
'tha pnenomenon ‘he deacrzbed haa baen abserveﬂ anly nfter
the- tubes have stood at law temger&ture far 24 hours
Qx mora,}fﬁn 1ncubatlon mrrzad u@ ta four houra praduced f
novéhénge;,but fter standlng in tne refrlgerntor far
‘72 hour% 1&8 tuae aanﬁainiag nlanﬁﬁln ewtraeﬁ dn addxtienmr
‘to ‘serwn and ahlaroplwsts Wa s dlstlnatly mare yellmwxsh
brown with a tlﬁge ot grﬂen than tha Qelor eontral.--
'However. evan after ona hour- cf incubatlon & blue—green
color in;uhe=¢ontral~tubemwith~seruM~andcch;er9@;aﬁtSv
alone was always fclet@dt‘abiéﬁfif ‘avu.suffiéiéﬁtsly heavy
‘chlnronlast suspensaan w&e used |

@he total amount of chlarophyl’ thnt dxffuses out
during chloralysza must devend yrimarily upon ihe cem~~
°para&ive solubxllty of*- the ahlorophyll A the m@dium
with;in and - wi‘chou".; the- oell. Whan, with similaa: ae?;}.

'Whll? aﬁother;%e?%m;??9¢ucea=03@?~8liah?¢?ﬁlﬁ?9lvﬁiﬁxrf
it is probable, as has beeh di scussed above, that this
is dﬁéfﬁdg?ﬁE“farmérfgérum~béiﬁg“riéhar inflipoiééathan
the latter, - | e -
Why the ‘Bame serum releases different amounts of

chlorephyll from different typea of célls ia 1eﬁs clear.

The condition of the chlorophyll within the 11vzng chlar~~
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oplast is debatéd.;;zirkl¢~(1926}¢giyes}evidengéTthat;;
ip’ia natinfa~lipoid}seiutian;gaéghas~begn;held4~}What-.
ever the condition of the ehlorophyuwitmﬁt‘he- dead ...
and altered cella with/which We. are dealing, chlarclysis
‘appeara to be a pxoeess by which the chlaruphyll cen~\
centration resches an equilibrium between the cell and
the surrounding BETUM, The total amount released varieﬂ
thh canditiona under which equilxbrium 1s reaahed‘
Inasmach as 1ipomda are. present in all cells, it wasw
thought af interest ta determine whether the amount 2

is greater in the cella releaaing mare chlarophyll.~
‘Refexence ta table 1 showe th%t thia is- actually theq
case. Ghlorella sp, # 11 contains only a. negligiblem

kamount of lip@ld as eemnared to- ruglena yracilis and..

to ﬁhlorella 8De- ﬁ By St will be. recalled that. chlarelyals~
reaulted~fromuthenlatterwarganismsmbutwthat~it«cauld~not

be obtained wmth the- former. Jacobs (1924{ warns. agalnst
‘drawing conclueiona from work with plant aells where

the celluleae cell wall may be a complxcating facter.

This may acccunt for the greater ease af chlarolyais

in euglenas than in unicellular algae with.ﬁimilar lipoid

content.‘
| If chloralysis were more, rapid with immune than
fwith normal serum. it would indicate that the immune |

serum had increaaed the permeability of the cell to
Ats- chlorophyll. That this is not the case is ahown
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by figure 8, The- rate of uhlarelysis. a8 well as.the -
| amom‘-‘?f;;ch‘-&mmiBz.;r'Y@ms»mhﬁthe"J;i-,zz.o;@g content,
”qf:ihgrag:um,mhuﬁ;ppwgfféatw@fﬂimmuniagtianfqpéanﬁior~
_biysia ﬁas-been?found; 5

| The’ thaary is effered th&t the cell death or: further
1neaea3ary prelimznary treatment enablas anme chlarophyll
‘to diffuse fram the cnleropla9ts into the- 1;901&3 of the
:@ell.e Upan centact with the serum, ehlaraphyll pasaes
:ta the ﬁerum 11paids up ta the peinﬁ of- equil&brzum
;between cell aentents and- serum, Hyaline euglenas left
;in contact ‘over night with the supernatant fluid frem
veuglena *chloralysis* gave sugg@stiva evidence. Although‘
‘mo. change in ‘the- euglenaa eeuld be debeeted miuroaeopically,
ﬁand ‘there- had been no- appreciable loas in chloroPhyll
’frpm’ﬁhe 1iquid. the cell sadiment wwa distincly pale

lthaugh the effect ef temperatnre up@n chlarolyeia
fwas not studied aarefully. it is asaumed that 4t would
fbe alight The temperature coeffmcxents for the entrance
af at lezat some of the more readily penetrating arganio
‘compounda are low. e, of the order of magnitude charac~
 teris£i0;of=diffuaion;pxoceaaes:ratherjthan;ofvchemical.
;reactionsffaacbbs 1924).; 
The occurrence of chlorelysis with heated serum

rand with heated cells: eliminatea the possibility of
enzymio faators.



That mera cell death is a sufficlent change to
enable chlorelyﬁis ta aecur with euglenas, that heating
samewhat above the thermal death point is necessary
far the 8ame result with- certain algae, and that cthers
are entirely resistant te the Berum. indicate ‘some. -
fundamental differenceﬁ in ‘the. microchemical strueture

of theae aells. The role of 1ipoids and of a cellulose

‘cell wall have been considere&.,

| GERERAL :):csdﬁsslim

‘ The foregoing study. With the exceptnon af the.
iwq?k of $teinecke reviewed above. is ‘the- first eontribu~
,tian to our knowledge of- the immunological behavior of .
'the euglenas. It is to be considered as. such, for it
ia incamplete in many places and- 15 1argely eenflned

to the most readily cultivate& ‘member: of the graup,

The ultimate gaal in taxanomy 13 B clasaification

'show1ng the true evolutionary relatlcnahipa. In determining,

these. immunological reaetiann must be given consideration.

,The tendency hae been in racent Jears to place euglenas

with the: anxmal rather than with- the plant kingdom. -
fIn agreemenb wﬁth Steinecke. (1925), no relatmenshlp tu
the algae Was found.« However. the Dale test might be

toa anecifzc tc show thia._
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The division of | glena gracilis into two. groupa
by means of - the cytotoxin antibody- and the hitharto
fupnqticea;physielagicalydifﬁgpencewmn;mannexfg:kg;owth‘N,
"15 ﬁa algardthét»it~weuid«seematéwﬁéwafxfundéméﬁtéi
VSignificanoe.} ﬁthex antigen-antibody reastiana failed
:ta show this. aﬁ niaely, due to- their gremter apecmficzty.
"f‘i Judging fram the- reactiens ebtaxned with: bacteris
in varxous atages -of- éiasoeiation, it dss to be expected.
Lthat aerolngical differenees would- eccur For: e&ch of:the "

distinct marphelcgioal types of Fuglena Eggcilia. To-

ithe extent %hat morpholmgy and phyaiology are expresaions
of ehamiqal~constitgtigngwthgywargwbgst‘dietinguished '
by'immuﬁologigal»méansgwwg&~aitera£idn;afathe«pro$eiﬁ.
‘ﬁeyehaentwupén\thewmodgvpfgnutritién@haS}begnfahownmhy
6thers erkinngithwgreen and- eaiorlesa‘algae.~»?hi57
fhas been - carrobarated in- the praaent work with- the. euglenas.

e The cytotoxic prlnciple pre?xously found: (Elmare
‘1928) needed- rurther study. because of its aynarently
unique behavior.’ The. data 3ecured however. have shown
fthat it is a true antibndy. Which may involve the action
:of ﬁerum oemplement.

| , Except for the well known polysaccharide “paramylon“
/the chemical etructure cf the euglenaa is an unexplored |

field Their high 1ipoid content haa led to the die-u
‘covery of a phenomenon which must be considered in any

~serum study of chlorophyll bearing organiams.



5

SUMMARY AND CONCLUEIONS

1;4?he=pre€ende*af*a’apecificsbytstoxie-principle\~
in antineuglena rabbit serum whzch doea nat require

'serum aomplement far its actiou haa been eenfirme&.

2. The aytatoxic prxnciple in ant1~eug1ena rabhit
‘aerum behaves like a true antibody in its specificity
and adaorptien reaetions. and- in its a39001ation with
'the non—dialyzable globulin ¢onstituenta cf serum.'
It ia completely removed from serum by 42 per cent.
een&%ﬁfiation with ammanium &ulfate. |

- 3. The cytctoxic effect nf an. immune serum-is. en-
‘hanced by ‘the- pxesence of- camplement ~~Electrolytes

‘may not be neceseary for. the repcti@n.

4.‘Euglena gracllia Klebs is not 8 hamogeneoue

_group. buﬁ conaists cf at leaat two distinct typea.
VThis iﬁ clearly demonatrated by the cytotoxic effect
of an immune aerum. and is eorrelated with the growth
‘characteristies., The varinus forms (normal green. hyaé
vline 1ight hyaline dark) within one type show & closer
‘antigenic relationship to each othax than they ehow to B

‘corresponding forwa of the other type. '

B, With the smooth muacle anaphylactic reaction
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;acﬁive~aen3itizatienpafyvirgin»guineawpigsmwas:deménstratéd.

to Buglens gracilis and to Chlorella sp.

\"wﬁsvwithythiégreaétionﬂpaasiw§¢3ens§tiéa§ipn»tqi

guglenafgracilié anﬁ'ﬁofsticﬁoeaécuafsp;°waa‘démdﬁﬁtrated.

?. With this reaetxcn it was poa ible ta dietinguish

hetween the normal green and the hyaline dark forms

within ena atrain of Euglena gracills.‘i;“

8._nrthus’ phenomenon waa elearly demonatratad

'with EuglenaAgﬁgcxlia. Stichococcua BDp., and 0hlorella

va‘

9 Ko indication of antigenic relationship between

euglenae and the 1ower grean algae was found.,

& 10. Serum w111 cauae B liberation af ehlcrophyll
from many cells or chlaroplaats. if these have been
sufficiently altered by heat or contact with strong

aerum

» 11 mhia ef?ect 1s aasociated with the 1ipoid con-

tent of the serum. and appeara to require ‘the presence
of lipoids in the eell

, 13. Immune serum does not increaae the permeabllity
of the. cell to chlorophyll.



- AGCESSORY FINDINGS

1. The hyaline light form of Fuglena gracilis Klebs

may origlnate from the hyaline dark form. i

2, ?he aplla of Euglena gracllla as. cultivatea in this

etudy consist of approximately'lo % Water.~-gpyrqximately
10 % of the dry weight is lipaid | |

’ Be A method is deseribed (appendlx) for observqtion
'of the matar ap@aratuﬁ of tha euglanas in the living

unstained conditionfg

4, A simple arrangement foxr- the alalysis of small

amounﬁe of materxals is deaeribeﬁ

R0 A aimple method far determining the rate of

chlorolysis is daacribed

s
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APPENDIX

GﬂﬁEEﬁL GﬁﬁRﬁGTERI”TICS OF THE EUGLFNAS

(8ee figures 1 and %)

o Tﬁe eugléﬁaswcona%ituté~ohéwgrdﬁp»af«uniéeliﬁlar :
miaraarganisma whieh possess charact&riatics of both
:planta;and~an;mals. ?hey are generally included amang
fﬁhé ?rotczaa;aawfbllowsg(calk;ns~1926),
| ‘ﬂlgssx;:ﬂaétigéphoxai |
'ﬁubglgas - Phytomastigoda
"Grder -wEuglenida' :
Family - Fuglenidae
.Tha family Euglenaceae 11kewise 15 conaidered amang the -
flagellates of the -plant- kingdom.
- The- shape of the body is th&t of a long epindle.

ﬂnder favorable conditions the arganisms move: fcrward

86 -

freely. always With ratatlen af the body,- -and - the directicn-

f their motion is influenced by~11ght This ﬁwimming :
‘motion ia ‘due to the actian of one flagellum. lacated
anteriorly. The euglenas can throw off the. flagellum.
they can then no longer awim. but can. change the body
form thrcugh a peculiar squirming type. of movement, early
deaignated by Perty as “Metabolie“ o The 1oaa of the
flagellum seems to be a eeneral injury reaction. probably

analogous to the well known autotomy of the erab cray-



Appendix, continued

fish, and lizard A disa—like swelling first appeara
;at the tip nf tha flagallum, interpreted aa beginning
degeneratien. Under unfaverable canditiona the euglenaa
can enclese themselves withmn a mucua cyst
All-euglanas~peaseas~a‘differentzatedwlayer‘of‘"

vthe outer surface" of- the protoplasm. ‘the. pellicle.
This differs from: the cell W&ll af planta in being pro-
,taln contalnlng and. nanucellulase, and alsa does: nat
~show. ylasmalygis with eanaentrated smlt solutions.
fOnly mechanlcal force: can aeparate 1t from the: cytoplasm.
'Tha pellicle is cavexed with splrally arranged stripes
consiating -0f rewa af~litt1e knobs aoncexnad with the.
searetien af mucuﬁ. Thia 48 alwaya aecretea in indl-.
»vidual thrends whiah flaw tegetber dnto a- hamogeneoua
 maas.\,J ‘
. Within the reticuler e:ﬂsaplasm 15 the large. round
'or aval nueleus, fraquently An the middle of the body.
The nucleue contains e 1arger darker staining central
‘bpdy,,pnﬂ endoaome.-'?his_isvgurraunded‘by aochromatin‘
network, . = | - | o

: M}'thg;‘antﬂerio_r‘end”df:*the[g}gleﬁa316:-’9. narrow
- funnel, éovefed with the~§e11i§ie.‘ This enlarges at -
'ita baae into a nuked reservoir.? A aaries of pulsating

Vacuoles arise beside the resexvoir. enlarge, and flow

87
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App endix i, continuedh.,

together ta farm>ene large vacuole, Which finally empties
v‘into the reservcir. ?he flagellum paasea through the. .
 funne1 and reservoir. and is attached to the base of. the
;latter by means of two roots, each With a granule at the
4baae.‘ The granule at ﬁhe base of the main root ie the
Ablephaxaplaat, the cther ia tha baaal grenule. The fla—
‘gellum and. basal granule have their origin rram the
{blephareplast The blepharaplaat itself arises from
{the endosome of the nucleuﬁ, and occasinnally in stained
 preparations rhizoplaeta can be seen canneating blepharo&
dplast and nucleus. On the m&ia flagellar xaqt above the
;blephareplast is 8 swelling of unknawn functien. A atigma
‘containing red pigment liea ad;aeent te the reservoir.
@he euglenas typically are green in oalor, due to-
fthe presence: of chlorophyll. The chloraplaata are: banda;

or diac~ﬂhaped varioualy arranged. usually 1n the per1~

*i have found the. following method unuaually successful
in demonstration of the motor apparatus in living Euglena
gracilis in the unstained condition..  Upon ‘mixing the
‘euglenas with a ten. per eent.rgelatin salutiou. the
flagellum is. discarded, and the cytoplasm 1ls’'largely .
drawn into the postericr portion of the cell, leaving
‘the reservoir in the anterior portion, - Due. to-the unusual
“transparency of thie epecies, the two roots of the flagellum
with blepharoplast, basal’ granule, .end’ Bwelling above
‘blepharoplast can be clearly seen through the pelliele
and reservoir, Observation was with apochromatic oil
immersion ébjective. N Ao 1.4, with exacting lighting

;conditiona. L
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phery of the cell. The organic food supply is furnished

_both.by photasyntnesis &nd by absorptlon from the surround»

‘ing medium., The starchwllke body, paramylon. is a charac~

 teristi¢ product of metabelism.{’ t occura as eolorless
'highly refractive granulea whlcﬁ iéry in size. shape.
5ameunt, and arrangement. ?yrenuida, whieh have their
ﬁorlgin in miteehondria. are eunsmdered to be the centers
 0£ paramylen formation. - '

Diviﬁxon ean take place exther in the motile con~
;ditzon. afﬁer dlaearding the flagellum. ‘or. within the
_cyst.‘ The flagellum deea not divide, but is thrown off.
iand an entire new mctor apparatus 18 conetmucted for
 each daughter cell. Mitoais is accamplished in a manner’
 quite aimilar to that deaaribed for higher planta and
Hanimals.; Befinite ehromosomes aze farmed divide longi»
: tudina.lly. and are aiszributed equally to the daughter
{cells.~ The chromosomas are farmed from ehremetin of- the
 outer nucleua and not from the endoaome. The endoaome
:givea riae to the kinetic elemente. ﬁivisxon of the

Hnucleua is preceded by its migrakion anterlorly 1n ‘the

‘body until 1t comes into close oantact w;th the 1ower

border of the reaervoir.‘ Divisian of the cell ﬁakes

anterior end and cnntinuxng downward. ,A proceae known

88 endomixia. a sort af internal conjugation. has been described



