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ABSTRACT

The lipids from {wo enteric gram negative organisms,

Escherichia coli, considered to be non-pathogenic, and

Shigella dyseniecriae, an intestinal pathogen, were extracted

and injected intraperitoneally into laboratory mice in an
effort to learn if they possessed stimulatory activity for
the reticulo-endothelial system,

By use of radioactive colloidal chromium phosphate
and colloidal carbon preparations as indicators of tihe rate
of phagocytosis of particulate mat‘ter from active circula-

tion it was found that the lipids from S, dysenteriac

possessed marked power to stimulate phagocytic activity to
hy perfunction, while those of k. coli and ils sub=fractions
did similarly to a lesser degrec,

Partial charactlerization of the sub-fractions from
E, coli indicated that certain of thom’ exhibited characleris-
Ltics of phospholipids, since the most aclive fractions
possessed an absorpfinn band in the infrared region not
shared by less aclive ones. The same band was observed in
a known phosphatide, and it was tentalively identified as

that produced by the phosphorous-containing group found in

phosphatide struclures,
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TNTRODUCTION AND HISTORILCAIL. RE\ ILEW

The primary topic of this paper is a descriptlion
of the physiological eoffects of cell-free bacterial Llipid
extracts and their partial characterization by physical
means . The author cxplains the action ol the total ex-

trabtahlo, protein-free lipid obltained from Escherichia

coli and Shigella dysentceriae, and the lipid sub-fractions

obtained from E. coli. These were found to stimulate the
rate of phagocylosis of a negatively charged colloidal
particle From'tho circulating blood of laboratory mice.
Infrared spectrophotometric analysis has been carriecd out
upon cach of these substances in order to demonstirate

the uniqueness ol cache.

The data arce presented in this paper to illustrate
that the responsce of the reticulo-endothelial system as
indicated by an elcevation of phagocytic velocity of tracer
particles within circulating blood is significantly
stimutated by administration of lLipids from the non-

pathogenic Escherichia coli and by the total lipid from

the enteric pathogen, Shigella dysentleriac,

The antigenicitly of Iipids has been almost
universally negated among bactleriologists and immunologists.
The stimulation of antibody production is commonly accepled
as the criterion of antigenicityj; however, pavticular
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atlention is given to other factors which may be similariy
applicable as criteria also. One criterion which includes
antibody production is the ability of the foreign sub-
stance to evohe a direcctly measurable or observable reaction
within a host organism. The antigen-antibody recaction is
once such phenomenon which is both observable and measurable
in the laboratory, while an elevated opsonic index and an
increased rate of phagocytosis are two others closely
related which also conform to the criterion. While all of
these functions belong to the reticulo-endothelial system
or arce very closely related to its activily, the stimula-
tion of phagocytic velocitly or elevaled opsonic index are
not commonly regarded singly as criteria of antigenicily.

Phagocytic velocity changes cannol be relied upon
solely as a means of cvaluating reticulo-endothelial (unc-
tion; |\OW("\ cry, a measure of phagocecylic rate changes gives a
very good indication of body defensive activity.s Although
olher acltivitlies exist which are less well understood, the
rate of disappecarance of negatively charged colloid
particle= from active cirvculation and.capillary beds may

be considered prima facice evidence of changes laking place

under certain stimuli. This paper makes no claim in favor’
of the antigenicity of Ilipids. However, factors which
stimulate phagocytic velocitly are of considerable interest
because they are capable of elevating one a(‘ll\\'i.t) phasco

of a very vital system.
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Consideration should be made of the fact that the
physiological activily of bacterial Jipids as described in
this work fits at lecast one of the criteria accepted by
some per=ons as indicalive of anligenicity. Since the
mechanism for the observed activity described herein is not
presently known, consideration of bacterial lipids and lipid
fractions as haptens cannol be validly claimed either.

The abilitly of certain cells within human and
animal bodies to engulf particulate matter and other cells
has been observed and recorded for many years. Mallory
(100) in 1898 obserived that human endothelial cells of
Iymph nodes exhibhited phagocytlic powers and underwent l'abicl
ptoliferation Lo form observable lesions found in autopsies
of cadavers recently dead of typhoid fever. Cells of the
splenic pulp, blood vessels, and intestinal lining behaved
in a similar fashion during progress of the disease. lle
described the essential lesion in typhoid as a diffuse
prolifecration of endothelial cells giving rise Lo larger
epithelioid cells having marked phagocytic properties,

The organism respon=sible for the disease was cullured from
all organs checked for such lesions: liver, spleen, blood
ressels, and lymph nodes.

In an investigation of pncumococcus antiserum Bull
(23) described a clumping of injected cells within the
blood vessels and rapid removal of these clumps by cells of
the spleen, liver, lungs, and possiblce other organs. An

examinatiton of stained tissuce sections rvevcaled the en-



gullced bactlerviae. He described phagocytlic cells as the
chiiel defensive agentls againsl infeclion (24). Excessive
doses ol Lhe scrum caused large clumps to form which,
when laken up phagocy ltically, impeded citrculation in lung
capillarics., [n another inmvestigation Bull (235) found that
typhoid bacilli were agglulinated and removed by poly -
morphonucliear lecucocyles in the spleen, liver, and Jungs
and were digested and destroyed by t(he phagocytes, Blood
drawn (from the heart following intravenous injections into
the rabbits produced cultures of successively fewer colonies
until within a period of 13-20 minules after initial in-
Jection the blood was very frequently sterile. No more
than one colony per ml was cver produced by blood culture
al this period.

Hopkins, (79) studying the effeccts of injectlions
of hemolytic streplococei into rabbits, found that sub-
lethal doses disappecared completely from the bloodstream
within a few hours, while in lethal injections ninely
pereent of the organisms disappeared wilhin a few minutes,
and blood cualture minima were obtained in two hours.
lHowever, in the latter case the engulfed organisms began
to re=appear in the cirvculation from 4 to 6 hours following
injection. Ille allributed the removal of bacleria to fixed
endothetlial cells.s  Some were reported removed by leoeucocytles,
bul sessile macrophages possesscd the greatest removal

activily, largely in the 1Tung, liver, and splecen.  Some
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phagocy ltic activily was reported in the bone marrow, lymph
nodes, and kidneys (o a lesser degree. The phagocey tosed
bacleria were reported killed in 5 to 8 hours, and fatal
seplicemiae were indicated as probably not attributable Lo
saturation of the macrophages, but rather to a physical
larage of the infected tissues.

Aschoff (6) in 1924 was the first to group all the
avti\liios of phagocytic cells previously described
together for consideration as a single system. lle called
it the reticulo=-endothelial metabolic apparatus, or Jjust
the reticulo-endothelial system, in order (o include all
cells acting as phagocytles irrespective of their location
within the body. The system included reticulum cells of
the spleen in the pulp and malphigian bodies, and those
of the lymphatic glands and lymphoid tissue. It also in-
cluded the endothelial cells which line the lymph sinuses
of lymph glands, sinusoidal blood capillaries of the liver,
bone marrow, suprarenal glands and pituitary gland. The
Rupfer cells of the liver were described as being the most
aclive of these. The system also included the amochoid
wandering macrophages and the mononuclear cells found in
the splenic pulp and occasionally in the blood of intes-
tinal organs.

Since the introduction of the concept of the
reticulo=-endothelial system scveral decades ago a nearly

continuous effort has been put forth by medical and
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biological investigalors to study and measure ils functions.
By mea=surements of the activitlies of the system, iltls
normalcy and integral function may be ascerlained. Measure-
ments of the functions of the system have presented special
difficultices because the component parts are spread
diffusely throughout the body and Litlle can be learned
through organ Oxilrpatlon. Removal of a lung or liver
usually resulted in death or gross abnormality of a labora-
tory animal; removal of the splecn alone gave little
information aboul the functions of other parts of the syvstem.
As a result, most approaches (o measurement of teticulo-
endothelial activily have intolved use of the propensity of
the system's cells to selectively engulf particulate matter
ol appropriate size and charge. Techniques of study have
included the intravenous introduction of vital dyes, living
otganisms, inert colloids, carbon blackhk and India ink, and
in the more modern and sophisticated resecarch efforts radio-
aclive tracers have been used.

Drinker (42) and als=so Lund, ot al. (98) utilized
particles of manganesc dioxide for intravenous admjﬁlstra—
tion Lo laboralory animals in order o determine its fatle
wilhin the system. Mangancese dioxide was insoluble in
tissue fluids, Tl was prepared for ingection in a suspen-=
sion of 0.4 percent acacia solution. Animals were given
1.4 mg per kg of body weight. All particles greater thaﬁ

one micron in size were removed by sclective ceontrifugation



of the preparation. The rate of removal from the blood was
determined by performing gravimelric analyses on successively
drawn 10 ml samples. All injected material disappeared (rom
the blood wilhin I8 minutes. Of the tolal particulate matter
injected 90 percent went to the lung, liver, and splecn;

10 percent went to various of other body organs. The man-

N
ganesc dioxide was recoverable from these sites quantita-
tively within an hour following injection. Drinker concluded
that the phagoc“yt_i(‘ power of the vascular endothelium for
particulate matter was responsible for the results.

Lund, et al. worked with numerous other speccices of
vlahuratory animals and found that for all the manganese
dioxvide went mainly to the liver, They also pointed out
that the phagocytic effect was the same if an inert matervial
such as mangancse dioxide were used or if a protein sub-
stance were substituted.

Cappell (27,28) did extensive work using vital dyes,
and he included studies of phagoceytic uptake of these
materials wilhin animal systems. IHe used dyes such as
trypan blue, Iithium carmine, congo red, and a host ol
others. Xo attempt was made to determine the quantitative
rates of dye uptake, but he did point out the tissues of
A-choffr's system which took up dyes at a marked rate. e
also indicated that phagocytosed dyes remained lor long
periods of time within reticulo=-endothelial cells if the

material were non-Lloxic, non-diffusable, and could notlt be



solubilized by the coll [lTuids,

Admini=stration of carbon blackh or India ink dilu-
tions via Lthe intravenous route has been another method of
measuring the phagoeytic velocily rate of endothelial cells,
Halpern and his co=workers have been the chiefl advocates of
this> method, and their work hés‘ spanned more than two
decades. The method consisted of injecting a known amount
of carbon per unitl of body weighl and determining quanti-
tatively the amount removed from circulation as a function
of time (19, 69, 70). Halpern, ct al., (71) found that
India ink which contained ~hellac slowed the rate of
phagocy tosis, and that an excess of carbon, i.e., greater
than 24 mg per 100 gm of body welght in rats, caused a
liberation of thromoboplastine. This tended to exhaust the
reserves of blood anticoagulants and to cause the carbon
lto precipitate. Administration of thrombin or thrombo-
plastin intravenousiy caused the rate of carbon disappearvance
to increase and modified the organ distrihution of
phagocy tosed particles. Biozzi et _al. (18) reported that
the quantity of carbon injected and the degree of saturd-
tion of Rk cells influenced the rate of phagocytosis of
subsequent doses. The uptake under these conditions was
found to be inversely relfated to the amount of carbon.

The granulopeciic activily was also found Lo be directlly
related to the cube of the relative weights of the liver

and spleen. An cqualion was established which related to



speed of uptake to the amount injected:

-4 - 0.006(1- ?U) in which ¢ - the concentration
in the blood at any one time, (0 = the initial concentira-
tion of cairbon in the blood, P the amount phagocytosed
by the RES, and T - the time from initial injection. Tl;oy

also established the concept of a granulopectic index:
-KT

C = (U 10 in which N 1s the granulopectic or
phagocytic index. Optimum carbon concentration for maximum
uptake rate was found to be 8 mg per 100 gm ol body weight.
Benacervafl ot al. (16) found thal saturation of the system
wilh excess carbon could effectively block all response,
The anitmal could recover ffrom a blocking dose but the
presence ol shellac in India ink preparations retarded the
recovery making it four times the normal rate.

Jones ot al. (81) were the first to use radioactiye
i~otope Liracer methods for the measurement ol reticulo-
endothelial function. A radioactive colloidal chromium
phosphate was prepaved from di-sodium phosphate containing
P32, The particle size of the col l;)i_(l was less than one
micron, and 10 microcuries of activily were injected into
mice in a glucose suspension. Localization of Lhe isotope
was 90 percent in the liver, and most of the rest was
found in the spleen, willt the combined radioactivitly of

these two organs being 100 times that of the remaining

tissue, Preparation of a non-radiocactive colloid by the
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same method resulted in material which stayed in the live:
and spleen cells for over a year.

Gabrielli (53) used Jones' radioactive colloid Lo
measurce the rate al which disappearance from the blood-
sltream took place, He used biological half=life as a
criterion of phagocecytic velocity. This was defined as the
amount of time in which half the aclivily of the colloid
preparation had disappeared (rom circulalion. The maximum
T 2 valuee for rats was lound Lo be 1.23 minutes, with the
mean being 0.83 minutes., He established an equation
similar to that of lalpern's co-workoerss: Ax o Ao(o —\T)
in which AX cquals activily in the blood at any time T,

A() cquals the radioactivitly in all the blood, and \ cquals
the velocitly of phagocytosis. Gabriclli also revealed
that partictie size influences the rate of phagocytosis and
the site of localization. When the particle size was
15-20 micron> the lung=s were found o absorb most of the
‘colloid', while the liver removed mo-st particles with a
size of around one micron. Phagocytosis of the larger
particles was slower than for the smaller ones (36).
Gabrielli made the asscertion that the distribution of
radioactive chromium phosphate within the animal system

is so0 constant that it scems the best possible agent to
use for study of roticufo-ondotholial rates and Kkinetics.

The mechanisms involved in phagocylosis and some

of the substances and conditions which accelerate or retard
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ils progress have been investigated by numerous workers,
Ponder (111) found that phagocylosis is lavored
by a decrease in the surface energy of the cell or particle
and an increase in the surface energy of the particle aboult
to become 'pha{’,()("ylo*(‘(l. L€ the expression --

(SE particle) =(Sk cell particle) has a value grealer
(SE cell)

than 1.0, then phagocecytic ingestion is favored. This was
the basis for a paper by DBerry (17) in which surface
active agents were found to favor the in vilro ingestion
of bacteria by human neutlrophiles. Surface active agents
decrease the surface energy of the cell and phagocylosis
is thus enhanced. Berry and associales contended that
bacteria are more readily ingested in the prescnce of
serum bhecause of an increasce in their surface energy and a
decrecase in that of the neutrophile. A net decrease in
f1ee energy was the resultl deseribed when bacteria were
phagocy Ltosed.

Gassectlin (38) using radiocactive collo{dal gold

198

described the vemoval of Au by rabbil peritonecal cavily
macrophages in vilro as taking place in two stages. The
gold colloid particles were reversibly adsorbed onto the
macrophage cell surface. TIngestion of the surface bhound
particle into the c¢ell became irreversible. The rate at
which these two processes occurred was proportional to the

amount of colloid adsorbed to the cell surface which could

be in turn related to the concentration in the extra-



cellular fluid by the adsorption isotherm. The only

limit which was noted was that imposed by the theoretical
adsorption capacity of the external surface of the macro-
phage. Tn Gasseclin's cxperiments less than one percent of
the total surface was ever covered at any one time. lle
described no Iimit o the capacitly of the macrophages Lo
continue the recaction. At 37 C and pll 7.4, (vo Lo 20
percent of the adsorbed gold particles were ingested with-
in one minute,

Waddell, el al., (134) noted the localization of
lats'dy*(l with Sudan IV and Sudan Black B in the spleens
and livers of laboratory animals (rats). Hfowever, when the
RE aclivity was blocked by excessive admintstration of
carbon black, l(rypan blue, or ltithium carmine, the fats
did not locatize as before. flowever, they continued to
disappear (rom the bloodstream at the same rate as in un-
treated animal=s. Examination revecaled concentrations of
the colored fats in the hepatic parenchyma and =splenic
pulp.

According Lo Heller (75) the reticulo=-endothetial
system has several vital roles including production of
antibodies, phagocytosis of negatively charged particles,
and intermediary metabolism of fatls. Because of the vital
nature of this system a substance or condition which can
elevate the system to a state of hyperfunction is to be

considered of the utmost importance. The number of such
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substances or conditions isy, up to this period, limited.
Therefore, any new stimulatory materials have a unique
impor tance.

Ntotz (88) stated that rat administered intraycen-
ously (o rabbits was filtered out by lung vapillary beds.,
Fats given intravenously' tended Lo form emboll which
stimulated proliferation of endothelial cells having
phagocytic activity upon them. . The vascular endothelial
rhagocytic activity of the =spleen, adrenal glands, and
artérEOS was stimulated by administration of cholestierin
(rholo.\'.torolv). During phagocytosis of cholesterin fat
there was an associatled proliferative response which tended
to distort the vesxsel Tumen.

The cytlotoxic sera produced by Bogomoletr (21,
IOI,.IZO) hav e a pronounced elevating effectl on the
reticulo=-endothelial system in ver. minute quantities,
Heller's work cited previously indicated that choline is
capable of pronounced stimulation of phagocytlic 1esponse,
and Gabrielli (34) deseribed the activity of histamine as
being similarly stimulatory. The response of the system
can also be depressed by various means. Whole body irradia-
tion (37) and administration of corti=one (76) arc capable
of such effecets,

Tdeas of looking toward cell=free products of
bacteria are nol new wilh respect to physiological activily.

Coley (35) successfully treated cases of malignancy wilh
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preparations of the toxins from Streplococcus ery<sipelatis,

Included among the successfully treated ca<es were ~everal
of reliculum cell =arcoma of bonec. Not until JTate in the
course ol Coley's work was it realized that one of the
cffects of injections of such loxins was an elevation of
the 1oticulo-endothelial system and phagoecytic actlivity.
The literature containing reports of Coley's work is too
extlensive to more than make briel menition here, but it
scerved Lo point out @hal bacterial toxins and perhaps
other bacterial 6IUdUPtH were important in this rosport.l

Girard and Muriray (61, 62) have revealed that the
total lTipid=s extracted from a pathogenic Listeria

monocy togenes can clicit certain of the respon-es charac-

teristically observed in infections caused by this organism.
Their MPA (monocyle producing agentl) was= a chloroform
extract of protein=-free total cell lipid=s. When ingected

with sodium laury!l sulfate as an cmulsifying agent, the MPA

When reviewing the work-= of Bogomolelz and Coley
one mus{ be aware thal thelr publications in this counlry
have aroused considerable contliroversy among medical and
biological rescarchers. Many investigators feel that merilt
existls in cach, and that they may provide groundwork” forv
future approaches to malignancy therapy. Others disagree
and regard these as perhaps rvepresenting a bizarre type of
resecavch having little validity or reproducibilily. In
citing these works as part of this review the author does
not wish to subscribe to either school of thought. The
purpose in their citation is to indicate that they repre-
sent two individual lines of approach to the study of
methods of reticulo-endothelial stimulation



caused monocylosis which persisted in rabbils for 20 days
or longer. Animals immunized against typhoid and
staphylococeus toxins gave higher titers daring monocyto-
sis than did controls. This was the (ype of situation
observed by these workers during actual infections by the
organism. Girard and Murray reported the MPA to be non-
toxic and non-antigenic,

Stanley (122) preceded Girard and Murray wilh an
MPA =ubstance, but he recported that the MPA was probably
bound (o a polysaccharide wilthin the cells When the poly-
saccharide was precipitated independentiy of the MPA it
was found not to have the same monocyle stimulating capacity
as the lipids., Stanley later reported that lipids (rom

Aspergillus fumigatii and Listleria monocylogenes when mised

wilhh lecithin greatly augmented the anlibody production to

Salmonella typhimuriun when all substances were ingected

simultancously (123).
The pigment complex, violacein, obtained by cthanol

extraction of Chromobacterium violaceum, has been used also

to stimulate the rate of phagocytic velocily in Laboratory
mice. (Lnpublished data from the New England Tnstitule for
Medical Rescarch). This substance has been shown Lo possess
infra-red absorption bands which are identical to certain
of those found in bacterial lipid preparations.

The liptds ()r‘ certain bacteria have been extracted,

isolated, and characterized by =several workers, but none



16

seem Lo have used them directly as agentls to experimentally
stimulate reticulo-endothelial activilty.

Nicolle and Allilaire (103) grew enleric bacleria
in large gquantities and studied their Iipids. When grown
on potato agar at 37 C for 24 hours they reported the colon
bacillus as having 9 Lo 16 percent total exlractable lipid.
They =secem to have been the first Lo report phospholipids
from this group ol orvgani=ms. Dawson (38) grew E. coli
on a peplone-meat extract medium and reported a lipid
content of 4 Lo 5 percent on the basis of cell dry weight.
Addition of one percent glycerol to the medium resulted in
an increase Lo 8 percent lipid.

Eckhslein and Soule (46) reported the lipids of
E. coli Lo be characterized by low iodine numbers and by
hav ing fatty acids more saturated than olecic acid., When
organisms were grown on a medium containing a small quantity
ol alanine they were found to have a greatly elevated rate
ol phospholipid synthesis. The phosphatide was roecduced to
a very low amount when cysteine was substituted for alanine.
The iodine number (or total lipids was 25.6, while that for
fattly acid lraction was 37.4. The saponification number
was 214. Negative reactions were obtained for the
Liebermann-Burchard and Salkowski lests for sterols,

Anderson and his lfellow workers (L, 2, 3, 4, 106,
133) did exten-ive work on members of the Mycobacteria.

They reported 36.7 percent phosphatide from (he avian
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tubercle bacillus which contained mainly stcaric and pal-
mitic acids. Data for other members of the group were
essentially Lhe same with minor characteristic variations.
HHowever, the leprosy bacillus was (found to contain only
2.25 porcecent phospholipids.

Williams ot al.(136) cultivated 9 strains of enleric

organisms including Shigella, Escherichia, and Acrobactler

on a peptono=beefl extract medium. Shigella paradysentieriac

was found to have a total lipid content of 3.5 percent of
ils dry weight, with 73 pervcent of that being phospholiptid.
. coli wa- found Lo have 8 percent total lipid and 060
peveent of the amount was phospholipid. Todine numbers
were tound Lo vary between 42 and 82, tesls (or sterols were
negalive, and P:N ratios were approximately 1:1 for the
phospholipid fractions,

Foleh (350) described a method for the separalion of
various phosphatide (ractions (rom brain tissue. He recog-
nized cephalin as a complex of several fractions, and he
useod acetone and ethano!l for (heir separation by differential
precipitation. Levene and Rolf (93) also described a
method Cor the separation and purification of lecithin using
the insolubilitly of itls complex with cadmium chloride as a
basis for separation.

Dawson, (39) and Lea, et al. (91) described tech-
nigques for chromalographic sceparations of phospholipids.

Lea and his associales used silicated papers as an aid to



belter separations, and they have reported a method of
fractionation through a column using a fraction collo;tur
which would tend to eliminate error and loss through scpara-
tion by routine chemical means.,

The characterization and identification of complex
molecules from bacteria and 0\6n of whole cells have been
successfully undertaken by several investigators. L.ey ine
ct _al. (96) applied the infra-red spectrophotometric method
for the identification of glycogen within whole bhactlerial
cells, while Shirk and Groathouso (119) did essentially the
same thing for a delermination of the presence of bacterial
cellulose. Steven=on and Bolduan (123) were among those
using the infra-red spectrum o)y the identification of
whole bacleria,. Complex polymers such as glycogen, cellu=-
lose, protein, and complexe=s found in cells present -ome
degree of difflicultly in infra-red determinations nol cox=-
perienced with simpler substances, yel the resulls obltained
by these workhers seem to have justified their use of the

technique.



METHODS AND PROCEDURE

Cultivation of Organismsj; Extraction and Fractionation

E. coli veceived the greatest emphasis in this
investigation. The stirain used was one isolated from raw
~ewage which gave typical coliform reaction=s: acid and gas

production from lacltose broth, and a characteristic (%) (+)

(=) (=) reaction Lo the TM i( test. The S, dy=entleriac

used was Dubos' =strain 2308.

The lipid content of 300 gm of dried Shigella cells
was~ coxtlracted using a mixture of (wo parts chloroform to one
part methanol. The extraction was conducted passively,
i.c.y, by shaking cells in the presence of the solvent
without mechanical rupture for aboul 120 hours,

E. coli was grown on a chemically delined medium

containing (he following per liter:

Na(c | s ee s e ecscscaosses 5.0 gm
I\2HPO;4 cseeesserecse e 1.0 gm
(NN )ZHPOu s e es s e s e 1.0 gm
.\IgSu SERAREEREEERRERRS 1.0 gm
EBlUCOSC e eeavsoescsoss 2.0 gm
Elycerol cssseeceesrosnae 2.0 ml

These constituents were incorporated into agar or
utilized as liquid medium as demand required. Petri dishes,
150 mm in diamecter, were used in carly phases of the work
for cultivation of organisms. .fnovulatlona.wm"o made by

swabbing from broth starter cultures, and growtlh was remoned

19
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by washing into the chloroform-methanol solvent., More
rapid production of cells was achicved later when a super
contrifuge bhecame available. It was then possible Lo
cultivate cells in large containers of acrated liquid and
recover them by centrifugation,

lse of an anhydrous, water-immiscible solvent such

as chloroform or ethyl ether alone for extraction purposes

Lo

was unsatisfaclory. The presence of a solvent miscible with

water was ncecessary in the system Lo break weakly bonded
complexes in order to release lipid malerial,

Scveral methods of troagmoﬁt ol E. coli cells were
followed. Extractions were conducted on moist and dry
cells, with and wilthout mechanical ruplture. Experience
indicated that \iglont methods such as grinding produced
large quantilies of objectionable denatured protein which
had to be eliminated. Extraction of moist cells in the
presence of a waler-miscible solvent and chloroform (mis-
cible) scemed Lo give more rapid removal of Ijbids.

Following passive ecxtraction of cells with chloro-
form-methano!l solution, water was carcfully layered over

the extracted lTiquide Shaking and agitation had Lo be

aroided because of Lhe presence of surface active substances
. .

in the extract which tended to form stable emulsions with
wvater. A large, =phevical lype separatory funnel which

gav e maximum interface arca was used for this purpose.

Successive separations againsl waler in the cold (4 to 7 €)



were conducted until the extract no longer gave positive
reaclions for protein or cairbohydrate. Most of the m(‘.lhanol
passed into the water phase on the (st separation.

The chloroform phase, containing the lipid extract,
was concentrated by vacuum distillation at temperatures not
cexceeding Bo (. Tolal ciude tipid left after removal of
solvenl was dehydrated in vacuo over sullfuric acid.

Extracts (rom both organisms werc brown olils al
this stage. Bolh extracts were tested (for stimulatory
clffecls in animals. The Shigella extraclt was nol lraction-
aled further.

The crude extract from E. coli was dissolved in
analytical grade re=distilled chloroform. Approximately
10 ml per gm of crude malterial were used. To Lthis was
added a (l'.ouhlo volume of accetlone. Lpon standing, small
amounts of a yellowish=-white precipitate formed. Two dis-
tinct lTiquid tayers were also evident. The precipilale was
separated by centrifugation at 7500 RPM for 20 minutes al
L ¢. The supernatant was decanted and retained. The pre-

cipitate was dissolved in 5 ml of re=distilled chilovroform

and transferred Lo a watchglass lfor evaporalion under nitrogen.

1Tt was taken up in 10 ml of anhydrous etlhyl ether and then
lransferred Lo a tared glass vial. The ether was romoyed
under a reduced atmosphere of nilrogen, and the sample was

Labelled Fraction L. .

The supernatant liquid containing lipid and solyvent
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was concentrated by vacuum distillation to a viscous liquid
which was dissolved in 25 m!l of re-distilled chlovolform and
tran-ferred to a small separatory funnel., To the funnel was
added 25 ml of absolute ethanol, and it was allowed to stand
for 24 hours at 4 to 7 (. Two layers were visible at. the
ond>of thi=s period. The lower layer was carefully drained
from the funncl. Tts volume was 18 ml, and upon standing
several hours al 4 C it separated into two phases in the
approximate ratio of l.3:l. Centrifugation at 4000 RPM al

a lemperature of =235 C for 40 minutes separaled tho'luwor
layer into a solid sediment. The supernatant layer was

labelled Fraction L, and the material solid at -25 ( was

labelled Fraction TIT,.

. The portion remaining in the separatory funnetl was
allowved to stand in order to determine il more layering
would take place. YNone did in 24 hours. More absolute
ethanol was added, and the mixture was again allowed Lo
stand 2% hours at 4 (. A semi-solid wmaterial formed on the
surface of the Tiquid mixture. The liquid was drained
away , and the Moating layer was recovered in cothyl ether.

[t was labelled Fraction IV, The liquid phasec from the

funnel was concenlrated by vacuum distillation to approxi-
mately half volume. Addition of absolute ethanol to this
resulted in a layer forming which had a higher yviscosity.

This scparated out as a solid when centrifuged at =25 (.,

The supernatant was decanted and retained. The fraction
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solid at =235 C only partially dissolved in ethyl ether.  The

portion completely dissolyving was labelled Fraction \y and

the white portion having no eother solubility but dissolving

in chloroform was labelled Fracltion V1.

An excess of acelone was added to the supernatant
from the previous procedure, and the tube was stored under
desiccation at =20 ¢, A small amount of white precipilate
was formed on standing 36 hows in the cold. The liquid was
decanted while still cold, and the solid phase was dissolved
in ethyl ether and transfCerred to a tared vial. The lattoe:

was labelled Fraction V1T, The supcernatanl was concen-

trated by rvacuum distillation to a viscous oil which was
taken up in ether, (ransferred to a tared vial and labelled

Fraclion IX,

Fraction Il scparalted into two distincel layers upon

standing alt room temperature for 8 days, The upperv layer

was much darkher than the lower., (entrifugation at =25 (

1

causced the lower layer Lo solidify. The supernatant was

retained as Fraction I1, while (he phase which solidificd

al reduced temperature was dissolved in eother, tiransterved

to a larved vial, and fabeltled Fracltion V11,

Vials <~()nt;'1ininp; the fractions were slored in a
desiceator jar atl a reduaced atmosphere of nilirogen pending
animal injection and analylical procedures.

Two extlractions were carried oul with E. coli

cells, while only one was performed upon S. dysenteriaec cells.
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Measurcment of Phagocytlic Velocitlies

The stimulatory activity of the lipid fractions

from E. coli and the lipid extract fi1om S, dyv=enteriae
upon phagocytic velocity as an indication of reticulo-
endothelial function was measured by (wo procedures:

In the irst procedure male white mice, obtained
from Avrmer Farms, (rolton Falls, New York, 90 to 100 days of
age, averaging 30 gm weight, rececived yvia intraperitoncal
itnjection 0.2 ml of the undiluted fraction whose activily
was Lo be measuroed, Intravenous injections of ‘lipids
caused fat emboli and frequently death of the animal. All
lipid fractions were oils at body temperature with one
exceplion. A semi-solid fraction was dissolved in four
parts of sesame oil for injection. A sesame oil control
was necessary (or animals receiving this preparation.
Commercial cephatin and the k. coll extract were cmulsified
in sodium lauryl sl;ll‘att‘ solution also for injection. These
woere prepared by suspending 0.2 ml of the sample in 10 mlb of
a 0.1 percent aqueous solution of sodium lauryl =<ulfate.

Alfler a period of 72 hours following injections of
lipids, ecach animal was given an injection of [0 microcuries
aclivily of radiovactlive coltoidal chromium pho=sphate
according to the method of Jones (100). Phosphorous 32 in
the (orm of di=-sodium phosphate was added to an cqual amount

of sodium bicarbonate solution, and an excess of chromtice
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nitrate was added., The precipitate which formed was insol-
uble in cold water; but it was soluble in hot waler, acids,
and bases, Il was washed and centrifuged twice in cold
water and dried at 110 ¢, After drying it was heated at
600 C for 12 hours in an electric furnace. The amorphous
product which resullted was insoluble in aqua regia, strong
acids, and alkali. The precipittate was (ransferred to a
hecavy-walled glass=sloppered flask half full of glass beads
and rotated for 12 hours with one to two ml of isotonic
glucos¢ per mg of material. This procedure gave a pairticle
size of apbroxlmato]y one micron, and the predominating
charge was negative.' The radiocaclivily of an accuralely
measured aliquant was determined by evaporation under an
infra-red heat lamp and counting under a Geiger tube. Di-
lutions into glucose were made according to vadioactivity
lexel. This preparation was‘lnﬁolnhlo in tissue (luids.
Injections were made via the caudal vein, and the
cxyperimenter cut the tip of the tail exactly 30 seconds
following injection of the last bil of colloid. Five
lambda (3 x I0-6 liter) blood samples were drawn by means of
micro=-pipettes cach 30 scconds for a period of Lhree minutes
These blood samples were quickly blown onto (iltler paper
planchets and their radiocactivily was determined under the
Geiger tube of an LAB (Sweden) automatic Robol Scaler,
Control animals received only the radiocactive colloid except

in the case of the sample containing sesame oil.
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A plot of radicactive count was made on a log scale
vs. a lJlinear scale of elapsed time. The slope of the
resulting lines was used to determine T,2, (he biological
half life value. This was the time in which half the ace-
tivily had disappcarved from the blood.

[n the sccond procedure the sequence of events was
essentially the same except that a propara(ton of rol]oidql
carbon was injected instead of the r:nlioa(‘ti\r"coll()id. .The
amount ol carbon suspension which cach animal received was
determined on the basis of body weight. No animal was given
more than 8 mg of carbon per 100 gm of body weight. A 30 gm
animal would be given no more than 2.66 mg h; such a proced=-
urc., Samples were drawn by means of micro-pipettes from
the tip of thrr cut tail every 20 minutes. The sample
representing zero time was taken 30 scconds after completion
off injection. This was repcated until 6 samples had been
drawn. The volume of cach was 20 lambdas, and the (irst
sample was diluted and lysed in 0.1 percent sodium carbonate
solution such that its optlical densily recad on a (oleman Jr.
spectrophotometer at 600 minu was not greater than 1.0.

Lysecd control blood was used as a standard for settiing the
instrument. Other sampies drawn successively were given
parallel dilution, and the optical density was plotted
against time in minules.

In cach of the procedures a minimum off 6 animals



was used for ecach of the fractions tested. Six conlrols
were used for establi<hment of normal T 2 value. 1In many
cases more animals were usced because of the difficulties
experienced in making caudal voein ianrliuns without damage
to the vessel wall. Animals were kepl in restraint by
means of a specially constructed tubular cage which per-
mitted only the tail to protrude over an illuminated slit
for Iinjeclion,

The carbon used was obtained ffrom National Midland
Company of hatonah, New York, and il was prepared and
stabilized in gelatin solution according to the methods of
Benacerrafl, ol al. (16). The particle size was claimed by

the manufacturer to average 0.5 micron,
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(haracterization of Lipids

“he infra-ved spectra included in this paper were
made on a Perkin-Elmer model 21 double beam recording infra-
red spectrophotometer at the Perkin-=Elmer plant in Norwalk,
Connecticul. Spectra were run for cach fraction at cell
spacings of 0.1 mm and 25 microns respectively. The thinner
Cilm=s gave grealer detlail than was obscrved in spectra ob-
tained at the larger =spacing. This was especially true in
the case of several of the fractions which were much more
opaque than othoers,

Only the =pectra of the isolated fractions werce
oblained. This was by advice of the person scanning the
spectra. The opinion was offered that, because of the nature
ol the mixture present in the whole cell lipid extracts, any
spectirum which might be obtained would not necessarily con-
voy any uscelful information. A rapid scan of the <sample of

total lipid from E, coli and that from S. dysenteriac

rovealed very Little difference between them, so il was
decided (o abandon the attempl to determine characleristic
spectra.,

Fractions TT, TIT, T\, and VIl were subjeccled to
chromatographic separation by ascending technique using
silica treated Whatman #1! paper. Spotls containing 10
lambdas of the fractions were placed (wo inches above the

solrent level, and after 30 minutes equilibration in a one



liter glass-sloppered mixing cylinder irrigation was begun.
Chloroform=methanol 8:2 with two percent aqueous sodium
aceltate-acetic acid buffer at pH 3.5 added was used as a
solvent. kthylene glycol monomethyl ether containing 10
percent of the buffer was also used, The buffer was added
to stop objectionable trailing cvidenl in previous chromato-
grauws. Commercial cephalin was chromatographed in cach of
the solvents.

Spols were stained lor location using Sudan I\,
Sudan Black By, 0il Red 0, and Rhodamine G with ullraviolet
viewing. Sudan Black B proved most useful. lsing various
lipid samples, il was possible to detect l‘lO? lipid dilution
on paper by means of Sudan Black 13, Tests for choline were
perlormed according to (hargaflf, ot al. (32). Papers were
heated at 95 ¢ for 30 to 60 minutes, dipped into two pm‘(‘on.t
phosphomolybdic acid sotution, immersed in n-butanol (or 5
minule<, washed in tap waler, and dipped into fresh 0.4
perecent stannous chiloride in 3N HCI.  Drying by healing
produced biue spols indicating choline. Free anino groups.
were detected by =praying papers with 0.1 percentl ninhydrin

in n=butano! and healing at 935 C for 5 Lo 'S minutes.



RESULTS

Disappecarance rate of Llhe injectled material (Crom
peripheral circulation is used as a measure of phagocylic
velocity. In plots of sample optical density v=s. time tLhe
result is a straight line obeying the Beer-Lambert law. A
straight line also results ftom a plot of radivactive count
vse time. The disappearance rate of radioactivity (rom
the bloodstream produces an cexponential funclion. In both
methods of representing data the lines have the character-
istic function Y = MX + B which possesses valtidily for any
lincar graphic plot. Rather than use line slope as a
measure of increase or decrease of phagoceytic uptake, con-
sideration of Lhe biological half=life or T 2 valuc was
regarded as being more comvenient. This value represents
the time at which 30 percent of the material injected
inttially has disappeared from active circuiation. Specifi-
cally, il is the amount of time witlh respect to the [irst
sample drawn thal the concentration or activity ol the
particles has decreasecd (o 50 percent of the initial level,
An clevated phagocytic rate was evidenced by a plot line of
greater slope; a decreased T 2 value gave the same evidence,
In references to these results it is perhaps more meaningful
to use T 2 values or biological half-1lives as criteria in
experiments of this type rather than line slope.

30
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The values for T,2 (1oru|<)l1str‘atocl graphically or
presented in tabular form have been determined against
optical density calibration curves in the case of the car-
bon suspension or against corrected count rate for the sz
activily. In the latter casc, the countl rate as indicated
on the Y axis was oblained from the number of disintegra-
tions picked up by the Geiger tube, corrected by a faclor
determined for the gecomelry of the particular counting
caslle. The purpose of such a correction was to give ~o
near as possible the actual radioactivity of a {ive lambda
sample of blood.

Values of mean T.2 induced by the various |lipid
fractions are tabulated in decreasing order of phagocytlic
stimulation, and the <shortest mean T 2 values are also
represented graphically. Ranking ol these values determined
by ecither the carbon technique or the radioactive pi2 lracer
lechnigque is pargllol.

The S. dysentleriae lipid extract gives the shortest

mean 1 2 valuc., Fractions TT and IV are more active than
the total extract (rom E. coli, while both the tolal ex-
tract cnulsified in sodium lauryl sulfate are more active
than the rest of the fractions. Emulsification with the
surface active agenl secems to have reduced the activity of
the extract from k. coli.

Examination of the infra-red spectra reveals a

small and somewhat weak absorption band ranging from



2200 cm~! Lo 2830 em™! ovident in Fraclions IT, TII, I\,

and V\ITT. This band is also present on the spectrum of

. . =1 -1 .
commercial cephalin at 2720 em . ((m L= ] .)

Warvelength in microns

The less aclive fracltions do not show the same absorption
characlteristics at this wave number.

The data in Table TT revecal that the active frac-
tions frtom k. coli have more bands in common with the
spectrum of a known cephalin than any of the other fractions.
Seven bands are shared with the cephalin spectrum: 4230 (‘m-”,
2900 om_l, 2700 cm—l, 1730 vm-|, 1460 Cm-l, 1074 vm-], and

- .
720 ecm . An exceplion is noted in that Fraction IT does
nolt exhiibit an absorption band at 720 cm .

Fraction TTI had an Rf value of 0.91 in chloroform-
methanol, and 0.86 in buffered cellosolve. Tt recacted
positively (o a phosphomolybdic acitd=-stannous chloride test,
A ~pol which migrated poorly and diffusely indicated the
presence of impurities. Fraction I\ was found Lo give an
RC value of 0.80 by the chloroform=methanol mixture, and
0.76 by the irrigation in buffered cellosolve. The major
portion reacted positively Lo both ninhydrin reagent and the
phosphomolybdic acid=stannous chloride test. Inpuritioes
were eovident., Fractions TIT and VIT both gave data similar
to the above. Conmercial cephalin showed an Rl value of
0.79 in chloroform=methano!, bul it migrated yvery poorly

and gave inconclusive resulls tn the buffered cellosolve

mixture. Il reacted positively (o ninhydrin reagent.
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FIGURE 1

PLOT OF P32 ACTIVITY IN
5 LAMBDA BLOOD SAMPLES \s.

ELAPSED TIME
Control T/2 - 1.2 min,
2000 | Total E. coli exiract
T/2 ~ 0.80 min,
1000 |
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ELAPSED TIME TN MINUTES



2700 em” ! Lo 28530 (‘m-I evident in Fractions II, TIL, I\,

and VII. This~ band is also present on the spectrum of

. . -1 -1 .
commercial cephalin at 2720 cm .(Cm L= | o)

Warvelength in microns

The less active fractions do not show the same absorption
characleristics al this wave number.

The data in Table IL reveal that the aclive frac-
tions from k. coli have more bands in common with the
spectrum of a known cephalin than any of the other fractions,
Sceven bands are shared wilh the cephalin spectrums 4230 (‘m_'l,
2900 em™ ! , 2700 e ! , 1730 (‘m—l , 1400 (‘m—' , 1074 (‘m_l , and
720 ('m—l. An cexceplion is noted in that Fraction IT does
nolt exhiibitl an abhsorption band at 720 (‘m—'.

Fraction TT had an Rf value of 0.91 in chloroform=
methanol, and 0.86 in buffered cellosolve., It reacted
positively Lo a pho~phomolybdic acid=stannous chloride test.
A spotl which migrated poorly and diffusely indicated the
presence of impurities. Fraction I\ was found to give an
Rf value of 0.80 by the chloroform=methano!l mixture, and
0.76 by t(he irrigation in buffered cellosolve., The major
portion reacted positively to both ninhydrin reagent and the
phosphomolyhbdic acid=slannous chloride test. Tmpuritices
were eovident. Fractions TIL and VIT both gave data similar
to the above. Commercial cephalin <showed an Rf value of
0.79 in chloroform=methanol, but it migrated very poorly

and gave inconclusive resulls in the buffered cellosolve

mixture. It reacted positively Lo ninhydrin reagent.
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FIGURE I

PLOT OF P32 ACTIVITY 1IN
5 LAMBDA BLOOD SAMPLES \ s

ELAPSED TIME
Contlrol T/2 =~ 1.2 min,
2000 |- Total E. coli extract
T/2 ~ 0,80 min,
1000 |
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FIGURE 2

PLOT OF P32 ACTIVITY IN CPV
OF 5 LAMBDA BLOOD SAMPLES s,
LLAPSED TIME

p—
Control T/2 = 1.2 min,
2000 L.
Total Shigella 1lipid
T/2 - 0,63 min,
1000 }=
p—
Ve
€
P
>
=
N
o~
a
100 |-
1 | |
0 2 3

LLAPSED TIME

IN MINUTES



OPTICAL DENSITY

37
FIGURE 5§
PLOT OF OPTICAL DENSITY OF

CARIBON FROM 20 LAMIBDA BLOOD
SAMPLES vs, ELAPSED TIML

Control T/2 = 51.9 min,

e Shigella 1lipid T/2 = 22,9 min.
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FIGURE 4
PLOT OF P32 ACTIVITY IN CPM

OF 35 LAMBDA BLOOD SAMPLES s,
ELAPSED TIME

Control T/2 1.2 min,
p— Fraction 11 T/2 - 0,78 min,
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FIGURE 7
PI.LOT OF OPTICAL DENSITY OF
CARBON FROM 20 LAMIDA BLOOD
SAMPLLLS vs, ELAPSED TIME
Control T/2 = 51,9 min,

Fraction IV T/2 = 25,4 min,

4o 60
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DENS ITY

OPTICAL

FIGURE 8
PLLOT OF OPTICAL DEXNSITY OF

CARBON FROM 20 LAMBDA LOOD
SAMPLES s, ELAPSED TIME

Control T/2 51,9 min,

/

Fraction 11 T,/ 2.= 28.,2 min,

Lo 60
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¥FIGURE 8
PLLOT OF OPTICAL DENSITY OF

CARBON FROM 20 LAMBDA IBLOOD
SAMPLLES v=, ELAPSED TIME

Control T/2 = 51,9 min,

Fraction Il T/2.= 28,2 min,

Lo 60
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TADBLE L

ABSORPTION BAXNDS OF FRACTIONS (OMMON TO A KNOWN C(EPIHALIN PHOSPIATIDE

Cephalin 42130 vm-] 3330 cm_l 2900 Om~] 2700 vm-l 1230 «m_]

Fraction | - () (=) () (=) (=)

Yraclion 11* () (=) (+) (+) (+)

Lraclion 111= () (=) (+) () (€3

Fraction 1V (-) (-) (1) (1) )y

Fraclion \ () () () (=) (+)

Fraction VI () (=) () (=) (+)

Fraction VIIE () (=) () () ()

Fraction VIII (=) () (+) (=) (+)

Fraction IX () () () ‘ (=) (+)
-1 -1 -1 -1

Cephaling 1640 ¢ 14060 cm 1024 cm 220 ¢mn

Eraction | () () (=) (=)

Yraction 1= (=) () (=) (=)

Fractiog 111* (=) (+) (+) | ()

Fraction 1\* (~) (+) (+) ()

Fraction \ L+) (+) () (=)

Fraction \! () () (=) (+)

Fraction \ILx 1—1 () (+) ()

Fraction VIII (+) (+) (=) (=)

Fraction IX (=) (=) (=) (=)

*Denotes most active fractions
(+) Indicates band in comnon with cephalin
(=) Indicates band not shared with cephalin

-1
Way e number in om, i< the reciprocal of wavelength i microns,
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Infrared Spectira

On the following pages are infrared spectra

of the fractions listed in order of decreas-

ing biological activity, These spectra were
obtained on a Perkin-kElmer model 21 recording
spectrophotmeter with cell spacings as indicated,
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DIESCULSSLION

The results oblained reveal that the tendency toward
clevation of phagoey lic velocity by cach of the fractions
ran paralilcel whetlher the determination was made by means of
Lthie cavbon technique or by using coltoirdal radioactive
chromium phosphate as an indicator., The stimulation brought
aboul by Fractions 1V and [] was greater than that of the
total tipid feom ke coliy while other fractions, although
fairly stimulatory, woere less so than the total extract.

The reason for this is nol Kknown. The stimulatory power ofl

the lTipid extracl from S. dysenteriae was nolicecably greater

than that from the other enteric organism. Once could per-
haps inffer some relationship belween the degree of stimuala-
Ltion of phagocytlic aclivily and the [)&ll'u){.);(‘ﬁi(‘it) . ke coli
is 1eogavrded as l’]()n—palll().{’_‘(‘ni(‘ to mildly pathogenic, witlh
some few strains being rather virulent, especially in
infants, The Shiga bacillus is usually regarvded with a
greal deal of respect so far as itls capacily Lo cause in-
testinal disorders is concerned., No evidence has been
presented to support such an inference, bul il is an
intecresting point of consideration which more (‘umplo((\
cxperimentation in a similar vein with other enteric
pathogens and non-pathogens may ojither tend to confirm or
negaloe, M such a relationship were Lo hold we might have
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some idea as to whal the mechanisms ffor phagocylic procession
are.

Phe data gained by compari-on of infra-red speclra
indicate that the mo~t active fractions from k., coli have a
band al 2700 (‘m_' which i nol present in other fractions,
All other Mractions were less aclive and did nol possess
this band. This particular band, (hough weak, may hold
some factor responsible For the difference in acltivity., It
may be presumed with some validity that this is the absorp-
Lion due to the phosphate group wilthin the phosphatide
slruacturce. Beltltamy (14) reports absorption of the phosphale
group in cephalin at 2700 cm™ ! The method of <separation ofl
the Mractions does nol permit one to make any stalement on
the homogeneily of Lthe preparations other than they are
components partially separvaled (from the total lipid extraclt.
TL was Lthe opinion of the Perkhin=Elmer spectroscopists thal
all of these fractions were mizxtures of al lTecasltl (wo or more
component s, Due Lo the presence of mixtures and he masking
and shifling of absorption in the infra-red region there may
oexist a reason tor the weak bands observed at 2700 ('m_l.

The infra=red spectrophotometer is based in ils
function upon the cesponse of a molecule (o interaction with
radiant energy in the particular ~pm‘linh of the sp('vlrwn
between 2 microns and 13 Lo 18 microns, The different moloe=-
cular vibrations and rotational changes of the molecule

taking place absorb cnergy and give identitly to individual

. -



moloecules., In order to accurately make qualitative identi-=
fication of motecular stiucture the compound under scrualiny
must be a pure one.  This was nol the case with the l'fpid
fractions. Phospholipids, c-pecially cephalins, tend Lo
compltex among themselves and with other molecules, and they
pre=sent uniqgque difficullices of sceparation. The use ol the
infra-red spectrophotometer in this work was not for
qualitative identificatltion of these materials. Ratlher, its
use was intended Lo seprve much the same function as that ol
the imvestigators who us~ed it for characterization of whole
bacterial cells and complex substances wilhin the cell such
as collulose and glycogen.  The purpose in this work was Lo
gain an idea of the characteristices which tended Lo make
one ffraction distinet from another, and if possible, Lo
show absorption band differcences and relalionships among
tLhom,

Individual groups ur‘radi(‘lf‘s, such as the plm.%phalo
ot phosphoty !l of phosphatides will tend Lo exert thetr ab-
sorplive influences in the region of the spectrum below 7
microns (1430 (‘m_'), \'~|1il(‘ the vibralions of whole molecules
Ltend Lo exert their charactevistic influences in the longoer
war e longths., Complex and large molecules tend Lo be very
slugegish and good response to the infra-red beam is nol
achieved in ll|.(\ longer wavelengths,  This i< especially Lrue
il (‘:)nlznnin:\ling subslances are present., For this reason,

parlicular attenlion has been given to the bands in the
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shorter vegions of the spectrum, although the bands heyond
7 microns have bheen tabulated for theiv similarities of
characteristics,

The reticulo-endothetlial system functions  as a
main bulwark for defense of (he animal body, and one of its
primary functions is thal of phagocytosis of forcign matler
within the vascular system.s Just exaclly why the system
responds by supplying increased numbers ol wandering
macrophages Lo localived lTesions and general systemic in-
fections alike s nol knowne. One explanaltion found largely
in‘ texthbooks, which offers partial clarification is that of
chemotaxis.  llowever, discrepancies existl which are nol
made entirely clear by the theory of chiemotaxis. [t does
not explain the simultaneous propensily of sessile macro-
phages for removal of matevial from the vascular stlreamg
neither does it give any indication why the phagocyles tend
to engull inert, insolublte substances, such as radiocol-
loids and carbon particles known Lo have no chemical by-
products or sccretions comparable Lo bacteria and poly-
morphonuclear cells. DBecause the increased :ulli\ity ol
phagocylosis is extremely important any substance nol
harmful or non-toxic to the host which can stimulate phago-
cyvtic activily has tremendous importance.  An understanding
ol the stimutation and depression of phagocy lic response is

fundamental in the host=pathogen retationship in infection.

The monocyte is one of the reliculo-endothelial



cells, of particular imporlance because 1t has the ftunclion
ol phagocylosis, Tomphin=s (128, 129) has reported that
phospholipids slimulatle an increasce in numbers of monocy les
in circulation and (hat monocyles are phagocy tic Loward
such lipid moieties and metabotize themes I the (ractions
which have been shown (o possess the highest activily as
described herein (‘ar; be conclusively identified as parts
ol the cell phospholipid complex,y, a partial ceaplanation of
the mechanism of phagocytic stimulation may be at hand.
Such a partial solution sccems to Fil in well with Lhe
thecory of chemotaxis.,.

Lipids have been considered as haplens by imimunolo-
gists, According Lo the concept held, they are 'leug';ht Lo
combine wilh substances alro.:.\d) formed within the systom
Lo produce antibodies. The datla presented in this paper
support Lhe contention that lipids have Lhe activity
necessary to fulfill at leasl one of the crilevia prescribaoed
for an antigen: they stimulate phagoeytic velocily Lo
hyperfunction. Said stwmulation i~ withoult the presence of
a living baclerial coll.,

I the theory of chemolaxis were to be accepled as
applicable Lo the resulls described herey, one might tond
Lo galher that the responsible factor(=s) were coming rom
th;‘ coll of the palhogen rather than being liberated by the
Lissue at the sile of an infection or lesion. Except forv

the fact that the Tipids used in this servies of experiments



were administered intraperitoneally, the theories imolved
in chomotaxis might well apply. Ekarly allempls at injeclion
ol the Tlipid inltravenously met with little success, so no
data have been gathered for comparalive stimulatory raltes of
the fractions introduced by the two routles. Thus, i chemo-
taxis is dependent upon a secretion of metabolic by=-product
in the vascular stream for stimalatory effect upon phago-
cylosis and attraction of mobile macrophages, litlle
consideration can be given it for appl’i cabilily hero,

Any agent which can stimalate retlticulo—endothelia
function (o a marked degree has potential as a therapeulic
agent with a number of possible applications. Many of the
persons devoted to resecarch on the reticulo=-endothelial
systoem recognive that the functions of the system are
essentially the same whether 1t be a case of neoplastic
discase or a microbial inlfecction. The systom i; thought Lo
have a timiting acltivily upon necoplastic cells, and in
cxpevimental tumor=bearing animals a proliferation of histio-
cytes, and hupfer cells of Lthe Jiver, and splenic hypoertrophy
have been described.  Such observed histologic phenomena
may perhaps be interpreted as the manifestation of a
physiological delfense mechanism on the part off the host.

Once of the possible applications of a reliculo=-endothetial
stimutating agent, such as the bacterial lipid, could he
ils use as a chemotherapeutic agent in the treatment of

neoplastic discase. Further development of such a
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possibilily would require a great deal of refined esvperi-
mentation, but the basic principle outlined in this work
might serve as a beginning point.

The author has a greatl deal of interest in investi-
gations of cell=free extracts, Progress has been made in
past ycars in Lhe arcas of genecrval, morphological, and
taxonomic microbiology, and newer problems are being
\ fsualizvd every day. Many of these, including certain
ones of pathogenesis and immunity, lie wilhin the scopce ofl
fundamental cell chemistry and physiology. By celbl chemistry
is meant the investigations of reactions and phenomena which
arc 1related to products oblained (rom the living cells  The
isolation and study of enzyme aclivities and Kineltics [all
in this categorysy the knowledge of cell enlerotoxins and
certain metabolic tdentities have been arrived al by in-
vestigaltion of these products apart from the cells  The
tesearch upon cell lipids in olher than analyltical lfashion
represents another form of eofforl delving into the complexi-
ties ol the cell, The di-~ciplines of biological and physical
chemisley are very closely related to microbiology at this
level, and micirobiologistis coutd do very little wilhout
Kknowledge of them.

Tvestligation of cell producls=s 1epresents a newel
approach to study of microbiological prnl)'l LIS, Findings
from cell extiracl research indicate that certain cell

products can be used Lo artificially induce phenomena which
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have been normally associated wilh the presence ol a micro-
organism, The MPA substance of Girard and Murray, and
Stanltey i=s an example, The monocy losis produced by adminis-

tration of the total cell lipid contents is the same as (hatl

produced by an infeclion ot Listoria monocy Logoenes, The

-

coll Tipid worh began as a source of this paper is po:h.’)p;
another such example, Lse ol bacterial cell products as
described here may also have inlroduced a new concepl of
therapy where the tissues are stimulated to greater anti-
bacterial actlivily as compared with the u-se of an antibiotic
agenl Lo combal the organism.

While such study of celt=free producls may represent
a departure from classical micyobiological procedures, ils
me thods may possess shortcecomings which could scerve to off=ot
some of il> positive alteributes,s Any ticatmenl of cells,
regardliess ol Ltissue  jdentitly, which is disintegrative in

its acltion creates gross abnormalities fMrom which only dala

of questionable reliability may be obtained. The inmvestigator

may nol bhe certain that he is recovering the desived fraclion
A}

intact in a techinique which utilizes blendors, homogenizoers,
or coltoid mills. Doclor Erwin Chargall of Columbia (ni-
versily enlarged this poinl al length while conducling a
series ol lectures in Mundamentatl cell chemistry. e
oapressced an opinion that any rescemblance to the original
state after such drastic means of fraclion separation was

enltirely a matter of chance, and thal the milder the treal-
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ment the more tikely the imoestigator was Lo oblain a re-
covered product near ils native state.t The author has
tried to make this clear in the section desceribing methods
of extraction as a reason (or carrying oul passive exlrac-—
tions in preference to more violent treatment.

Fuature work upon bacterial tipids would necessitatoe
much more refined and extensiyve l(\('hniqu.(‘s than cumpltoycoed
in this imestigation. For example, a major problem in
hiochemical work with lipids is their oxygen labitbity .
Ha‘ndl'i_n{:_o[‘ all stlages of the extraction gnd separation
procedures in an inerl atmosphere wvould greally enhance
accuracy, validity, and reproducibility. T{ was not possiisle
to protect all stages of the work from oxidative changes
cilher at Lhe N(\u} England Tnstitoute or al the Iniversily
because of limitations of materials and space.

Fractionation of crude tipid by column chroma-
Ltography using a fraction collector would scem to bhe superion
to the method of precipilation by chemical agents. The loss
incurred in handling and repeated transfers would Lhus be
minimized, and the accuracy of analytical determinations
would thus be enhanced. This should be particularly empha-=
sized in future work, because it will be extremely important
to identify the fraclions wore preciscly than was done here.
By use of the column and fraction collecting Ltechnique one
can obtain curves by plolling sample yvoluwe, recovery Limo,

or sample number against the pereenlage of a given component

-



subjecl Lo analysis, These curves <show maxima, and by
observing such maxima one can determine which ot the Mo -
tions collectled, or whal volume of eluate contains Lhe
greatest percentages; thus, one coutd determine where the
greatest concentration ol phosphorous was, similarly for
nitrogen, olc.

A major handicap iln*nug;huul the entire imestigation
was that of insulfficient lipid with which to worlk. large
quantities of cells were required Lo pr()’\ ide sulflficient
oxtracls, and the time requived for accumalation of such
large quantitices was the predominant prohibitive factor.
Growlh of cells in small quantities presented problems of
storage until sufficient amounit- were accumulalted.
Lyophilization in tissue containers scemed the bhest methody
and it scems doubtfal il future procedures would oflféor a
grecal deal of improvement. Scparation of large quantilios
off cells withoul a super=centrifuge 1= almosl impossibloe.

The decision Lo use 0.2 ml as injection dosce of
lipid was an arbiltrary one which resulted in the expenditure
of over a milliliter of a ltipid Maction with only 6 oy 7
anitmals, The size of a minimal stimulatory dose should bho
determined as a part of fulure work. There is a distinel [
possibilitly thalt tess Tipid than was used in this scries of
oxperiments would demonstrate the same degree ol aclivity
and yol enable experimentation to be carriced on with pgreater

conscivalion of the aclive substance,
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No cvplanation or complete hypolthesis as to the
wechanism ol lipid stimalation has bheen ol fered here.s  The
usc of labelled Ffraclions in (fatore work might bhe ol benef it
iman imestigation of t(he mechanism, Cultivation of
bacleria on media containing radioi=solopes with the aim of
producing labelled fracltions which could be Tollowed in Lhe
animal sy=stem would be imvaluable as a technigue to permilt
delermination of the fate or sile of localization ol the
lipid fraclions. Nitrogen 13 or phosphorous 32 would lTikely
be the i-otopes of choice, Carbon 14 w<>(;l<l perhaps provide
information ol the Jocalizaltion of fractions other than
pho-pholipid=s, bhut il would al=so present certain probloms
ol counting technique not inherent with the use of the
olher isotopes,

In expanded future work imvestigation of possibilily
of relationship between pathogenicity of the baclerivun and
stimulatory activily of its lipid (ractions upon phagocytic
velocily should be considered imperative.s  As stated carlicy,
the data presented here secem Lo indicale a retlation dependent
upon pat Ixc){;(‘{lj cily of the organism, bul the eovidence is
ins~ulficient to draw any valid conclusion. Preparation of
the total extractable lipid and ils fraclions (rom several
organism=s representing pathogens and non=-pathogens would be

NeCe=s<sary .



SUMMARY

The Tipids from two enteric gram negatiyve

ovganisms, kscherichia coli, considered to be non-pathogoenic,

and Shigella_dysenteriac, an intestinal pathogen, were
extracted and injected intraperitonecally into laboratory
mice inan offort to learn il they possessced stimalatory
aclivity lFor the reticulo—-endotheflial systoem,

by usce of radioactisve (*()I,l()l'dal chrontivum phosphate
and colloidal carbon suspensions as indicators of the rate
of phagocytosis of particulate matter from aclive circula-

tion il was ffound that the lipids from S, dyscnteriac

posscossced marked power (o stimulate phagoceytlic acti vity to
hyperfunction, while those of E, coli and the sab-ractions
did simitarly o a lesser degroeco,

Partial characterization of the sub-fractions from
b, coli indicated that they exhibited many of Lhe attribuloes
of pho=spholipids, <ince the most active ffractions possessod
an absorption band in (he infra-iced region nol shaved by
less active ones.,  The same band was obscerved in a known
phosphatide, and il was tentatively tdentificd as thal

producced by (he phosphorous containing group (found in

phohpl;:\l tde structures,






(ONCLUSION

The total extractable lipids Mrom kschericliia coli

and Shigpella dysentoriac and four of nine sub=Ciacltions

Ffrom E, coli Ffound to posscss physical characterisltics of
phosphatides are decidedly stimulatory to the phagoceytic
Function of the reticulo=-cendothelial sy<tem off laboratory

mice as measurced by the uptake of radioaclive chromium

phosphate and colloidal carbon from the bloodstream,
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