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INTRODUCTICH

The occurrence of toxic fractions assoclated with the
cell wall of gram negative microorgenisms has been ilnvesti-
gated and reported by many workers, These reports have besn
based on results from a limited number of stralns of various
organisms frem which the fractlions have heen extracted in
many different ways. From these reports there appears a
mass of Information confirming the nature of the fractions

L

as consist

[ e

ng of a complex of lipld, carbohydrate and pro-
tein,

Two types of Investigation have been overlcoked in
past work. There have been [aw reports of the comparison,
under identical conditions, of preparations extracted by the
various methods from a single specles of orzanism. Th

second lline of investigation concerns the nature of prepara-
tions from a number of strains of the same specles of organ-
ism which differ In virulence. By a comparison of the simi-
larities and differences In the chemical nature of the prep-
arations and a correlation of these properties with the bi-
ological property of toxicity, the latter study could yleld
information regarding the active toxic vportions of the endo-
toxins of gram negative organisms,
In recent years the development of modern spectro~
.

phiotometric techniques has been of great value in the study

of chemistry and of biology and their interrslationships.



o)

The use of spectrophotcmetric techniques in the visible and
ultraviolet regilons of the spectrum has reached a high de-
cree of refinement. Only since 19,7 has the spectral reglon
of the Inlrared been used to a significant degree in the
study of the biological and biochemical problems. The use
of infrered spectroscony appears to have great potentlal as

a tool in the solution of blological problems. It has been

ct
(e

shown to be extremaly valuable in identilying incrganic and

[ ]

orgarle compounds by revealing the pressnce of speciflic

o)

molecular configurations.,

Problems involving the biochemlical and physiological
interactions o the host-parasite relationship would appear
to be an excegllent area of endeavor In which inflrared spec-
troscopy could be of great value. There have bean sufficilent
preliminary reports of related prcblems to justify an attempt
to utilize this tool.

This dissertation is concerned with a comparison of
a number of endotoxins which have been obtalned by one tech-

nique from a number of strains of Salmonella pullorum, rang-

ing from a high degres of virulencs to complete absence of
infectivity.

Inlrarad spsctroscopy has hesn usa2d to compare the
nature of these preparations in an effort to detect possible
differences in the chemical nature of the preparation which

might account for the differernces in virulence of the whole



3

cells. Pefore comparing the spsctra of the wvarious strains
of 5. pullorum, the spectra of the whole cells have been
compared in order to determlne whether or not gross diffler-
ences in the cells exist,

The degree to which the zsndotoxin e the organism de-
termines its virulence has been investigated. A quantltative
study of the amount ol endotoxin vlelded from the varilous

strains of 3. pullorum by one
reported.

It seems possible that

natvre of the host tlssue are
by its endetoxin. Major chang
sought by the use of infrared

techinique of extraction is

some changes in the chemical
eliclted by the parasite or
28 of this nature have been

spectroscopy.
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or three hours in the cold.e The cells ware

31

then removad by centrifugation, and ths supsrnatant dia-

po=d
QA
35
2
(;‘

d. The endotoxin was removed from the dlalyzsd super-
natant by preclpitation with ethyl alcohol. The lethal
dose of such a preparation for 20 g mice was found to be
0.1 mg. The cells were noted to be morphologlcally intact
and to retaln their staining charactsristics after extrac-
tion with trichloroacetic acid. The endotoxln extractzsd by

this method composed approximately five per cent ol the dry

o

ht of tha cells, The toxlicity of the preparation was

=
w
[
G2

drastically reduczd by hydrelysis with dilute acetlic acid,.
The hydrolysis yielded 20 per cent 1lipid and 40 to 50 per
cent carbohydrate. On the baslis of this analysis the endo-
toxin was thought to be a glucolipid. The remalining
O par cent of the complex was not ildentifisd. The possi-

3
billty of ths presence of a protein molety was ruled out by

he usual gualitative tests availabls at that time. Simi-

o

j=)

ar pregparations wer:z obtained from the dysentery bacillu

w
-

from Salmonella anteritlidis and a number of other gram nega-

tive bacteria., The glucollpid was found primarily in the
smooth strains of the organisms, and only small amounts

were obtalned from roush strains,

In the years immedlataly following thece discoveries,
ivin and his assoclates (193L, 1937%, 193C) applied this
extraction technigque to many differsent specliszs of bacteria
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not bs preclpltated by trichloroacatic acid,

In 193f Henderson and Morgan extracted endotoxins
from the 0, W, Vi and rough Vi strains of 5. typhosa wlth
diethylene glycol. The endotoxins were precipitatel from

4

the oxtracts with acetone or alcohol, Protein was not

demonstrable by qualitative tests, The lethal dose for mice

L] ~ *
0.3 mg Tor the preparatlions from the 0 and W strains,

-~

Tndotoxins from 5. typhimurium and 5. typhosa wers

ertracted by Walker (1940}, who used urea and oreciplitated
with A€ per cent alcohol. The endcioxin preparsd [rom

5. typhosa was toxic in 0.2 mg amounts for 20 g mice, while

)

. mg of the preoparation of 5. typhimarium was toxic for
similar animals, Chemical analyses of the praparations re-

vzaled polysaccharide and lipid,
The work of Morgan and Partridge (13941) demonstrated
the presence of a proteln molety in the endotoxins of 3. ty-

phosa and the Shigella dysenterise. The only prior mention

the przsence of probtein iIn preparations of sndotoxin was

fed
i
A

O

—~

that of Topley et al.

- —

1937), who noted 1t in preparations
from two stralns of 3. typhosa. Other workers up to this
time had rencatedly raported the endotoxins of Salmonellas

1 2l

as Sluecolipld, proteln-ITrea complexes. T

&)
()

sl
4
@Q
s
(O]
—
i
(9
[
@]
o]

1

rotein was sgaln confirmed by Freaman and Anderson (19L1),

wno obtalned a preparation of endoboxin from 3. typhosa Ty 2



by tryptic digestion followed by extraction with diethylene
glycol., Subsequent hydrolysis by mild treatment with acetic
acid revealed, upon chemical analysis, that ths endotoxin
was composed of 50 to 60 per cent polysaccharide, about

16 per cent insoluble polypeptide, 10 to 20 per cent soluble

nitrogenous components and 3 to |} per cent lipid. Later

L‘.‘

sbudies by Freeman (1943) with 5. typhimurium yislded simi-

lar results.
Zahl et al. (193) extracted endotoxins Irom Shigella

paradysenteriae, S. Uyphimurium and Zhodospirillum rubrum

with two per cent phenol,., The preparation was I1solated by
precipitation with 66 per cent acetone. It was found that
immunization of mice with preparations of homologous or
heterologous organisms protected the animals aguainst the in-
duction of hemorrhage in implanted tumors. It was felt that

these results supportad the concept that a common antigenic

Foe

endotoxin is found among all gram negative bacterla.
Endotoxin preparations were prepared by Boor and

Miller (19Ll) from Neisseria soncrrheae and Nelisseria menin-

gitidis by trichloroacetic acid extraction., These prepara-

tions did not differ significantly from those obtained from

other organisms. No differences were found iIn the toxiclty
of equal amounts ol endotoxin from various strains of gono-

coccl and meningoccccl, regardlecs of bacterial virulence,

Tauber and Garson {1957) have prepared the endotoxin

of N. gonorrneae by lysing the cells and preciplitating with




acetone. This endotoxin differs from the other reported
preparations in that it appears to be primarily a protein
with a small amount of glucolipid present.\

A hichly toxic preparation was obtained from Pas-

teurella pestis by Baler et al. (19,7). Thils endotoxin was

prepared by extracting acetone-dried cells with neutral salt
solutions. A water scluble fraction was obtained which had
o

an LDgg for 20 g mice of € to 15 ug.

Tal and Goebel (1948) prepared the specific antigen

of 5. paradysenterlae by extraction with 50 per cent pyri-
dine. This product was found to contain ;.5 per cent nitro-
gen as well as 11 per cent lipid and 1l.hly per cent phospho-
rous. The total yleld of antigon was appreximately 6 per
cent of the dry welight of the calls,

Evidence that all the toxic properties of 5. dysen-
teriae are due to a single endotoxin was presented by
Boroff (19249). Boroff examined the toxicity and antigeni-
clty of both whole cells and cellular fractions of the or-
ganlsm. Whols cells of the smooth variant and all its frac-
tions produced identlcal antibodlzs which gave cross reac-
tions 1n any antigen-antibody combinatlon. The rough vari-

ant and its derivatives failed tc elicit the production of

(@]

e

e
3

cslubinins and pre tins in rabbits. It was concluded

s Bs

0]

D

hat the somatic anticsen and the endotoxin are synonymous.

cr

An antigenlc preparatlion from acetone-dried cells of

S. typhosa was extracted with urea by Fuwajima (1952). The



10
LDpg of these preparations ranged from 33 to 35 ug per gram
of body welight of experimental animal, Repeated sub-lethal

injections of the antigens produced hizh agglutinin titers

[ ]
in the blood of animals. Such treatment protzcted the ani-
mals against challenges as high as 200 LDggrg.
Watanabe (1952) extracted and [ractionated a complete
somatic antigen from 5. typhosa, strain 8., The extraction

was carried out with 0.3 per cent acetlic acid, and the anti-

ren was pracipitated with aleohol., The preparation was sta-

w3

ble when treated with hot aclds. Treatment with alkali at
37 C removed the V1 and lipid componants, The polysaccha-

ridae portions then were separated from zach other by hot

3
[
jof

Webster et al. (1957) prepared a highly purifiesd
somatic antigen [from 3. Lyphosa. Initlal extraction was
carried out with trichloroacetic acid followad by precipi-~
tation {rom a saturated salt solution. Further purilication
was carried out by precipitation with ammonium sulfate. The
nrenaration contained 60 to 70 per cent polysaccharide,

.

and 3.0 to LL.Y per cent hexoszamine.

J
jo 7

<

20 to 3C per cent 1lipi

The purifled antigen equalled or excesded preparations con-
ve 20 per cent profein in its stimulaiion of anti-
0ody production and pyrogenic activity. This preparation

was characterized by infrared spectrosceopy and the spectrum

compared with that of several other preparations.
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12
moval of the antigen by precipitation with ammonium sulfate.

[

The other preparation involved extractlon in phenol and pre-

cipitation with ethyl alcolel. The chemical and physical
rroperties of the proparations were studied and compared.

It was suppested that the polysaccharlide moleiy cons
primarily of N acetyl glucopyrancside. Infrarcd spectro-
scony of the antlipen revesled a strong similarity to the

5. typhosa as preparcd by Webster et al.

has been susgested by Freter (19

iHby -7

and by Macpher-

son (1995) that normal extractions do not liberate all th

45}

somatic antigens or toxic products. MacPherson found that
trichloroacetic acid falled to extract all this somatic anti-

gens of a number of strains cof Zscherichla. I'reter obtalned

two different toxic fractions from Vibrio cholerae. It was

stated that the methods for the extracticn c¢f these frac-
tions did not involve any procedures whiclh: could not be
potentially realized in the iInfected host.

Takeda et al. (19ZL, 1950) have investigated the ac-

tive factors of the antigens of Shigella flexneri., The

pyrogenic and toxlc factors were found to be intimately
associated. It was assumed that these characteristics of
pyrogenicity and toxicity were dependent upon the associea-

b
(e

tion of carbohydrate, phospliolipid and polypeptide moielies.,

Y

It wos Tound that thwe toxlic Tactor does not involve nucleic



aclds, The antigen was obtalned by exirechtilon with acetic
acic.
~ o ~ 7 = 2 . N
Saszali {(19%%4 g, b, ¢, 19%7) has studied the mono=~

o

saccharlde composition of a number of bacteria including:

[

3almonella anaturi, Salmonella senftenbers, Salmonella new-

port and S. {lexneri. Tho Telvin extracticn of these organ-

ifems contained, in cormon, glucose, galactose, mannose,
rharnose, xylose and N-acetyl-glucosamine. A similar prep-

aration of Pasteurella pseudotuberculosls rodentium con-

tained ths above compounds except [or mannose and contained
arabinose,

The lipid molety of the O antigen of S. flexneri was
split be Kasai (195%). TFifty per cont of the lipid portion
of a phencl extracted endctexin may be removed by acid form-
amide without any change in toxicity. The firmly combined
lipids were helieved to have a close relationship to the
toxicity.

The endotoxin of 3. pullorum has received scant atten-
tion. In 1917 Smith and TenZRroecl: found 2 toxin in culture
filtrates of S. pullerum when the cultures were held at
37 C for two days. Intravenous injections cf the
into rabblis killed ths anlimals within two hours., The rab-
bits exhibited symptoms similar to those of anaphylactic
shock. Since it was difficult to Induce immunity to this

toxin in laberatory animals, 1t was concluded that the toxin



+ -4
=

stent to heatbting

.v
'»—Av

was on endotoxin. The endotoxin was

to A0 C for one hour, Dolling for 1T minutes partlally re-

1
Tanks and Rettzer (1932) souchi a speciflic exira-

cellular toxin of 3. pullorum. Threeo experlments were con=-

ductad wlith cells washed [rom probtecse Infusion agar. In

the first experiment the cells were suspended in sterile
distilled wabter and heated tc 40 C for L0 minutes. Then

they wers stored for ten days and Injected into chicks,.

LI

The second experiment resembled the [irst sxcept that the
suspending fluid was sterile broth. In cthe third experi-
ment the cells were ftreated as in the flrst work, then the
suspension was frozen and thawed 12 times. Thz material
then was filtered and Injected inte animals,

1.

FProm the C wWas con-

3
o
(}

ults of bLhese experiments 1

cluded that the cells of S. pullorum contain a toxic Irac-
tion which 1s heat resistant and toxic 1In varying degrees
for rebblis, gulnea plos and mice. These prepzrabtions

causged ne noticeable harmful effects when introduced into

<t

was conciud-

[

chlcks, however., Decause of these [findings

cé that pullorum dizease was a septicemla rather than a

toxemia.
3. pullorum was used by Salton and Horne (1951 a) In

their studies of the cell wall of bacteria., Cell suspen-

sions were heatzd to 75 C for five minutes in distilled
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rated trichlorocacetic acid extract of dried cells. The LDg0
of the preparation was [1.33 mg for a 35 g chick, while the
LDgg for the product of the Bolvin extractlon was 5,0L mg
for a 37 g chick. Infrared absorption studies of the two
endotoxins indicated that they are similar to other endo-

toyins or somatlc antigens isolated from various gram nega-

The use of the infrared region of the spectrum in
chemical analysis by the use of characteristic frequencies
was reported in 1911 by Coblentz. Even at such an early
date In the use of Infrared spectroscopy, the suggestion
was made that the bilologist might well approach some of his
problemns with this tool. Prelimlnary work of this nature
was reported by 3talr and Coblentz (19375).

May and Grenell (19%7) surmarized the work done up to
that time iIn the study of tissues by infrared spectroscopy.
The tissues which have been studied include those of plants,
insects, skin, osteold tissues, blccd and itle vascular sys-
tem, muscle, nervous tissue and the tissues of the viscera.

Schwartz et al. (19Y1 a, b) have studied and reported
on tre infrared spectra of the liver, rmuscle, heart, kidney,
thymus, spleen and other tissues of the rabbit. The spectra
of these tissues possess absorption bands at almost identi-~

cel locations below 8.10 microns. Above 8,10 microns the

pattern of absorption was characteristic for each organ,
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and the type of tissue could be identified by its spectrun,
An extensive catalog of absorption curves for both
normal and neoplastic tissues has heen complled by Woern-

Y
e

ley (1952). 1In a

-~
1N
[

tion, the spectra of a number ol com-

~

pounds of blologlcal origlin and of known purity were re-
corded and correlated with the spectra of some of the tis-
sues .

The study of bacterial cells by infrared spectro-
scopy has been undertaken in an effort to provide a rapild
method for the identification of tacterial species. The
earliest comprehensive work on the infrared spectra of ml-
croorganisms was that of Randall et al. (1951, 1952), Swith
et al. (1954, 1957) and Kublca et al. (1955), who charac-

erized strains of lMycobacterlium by the composition of

their lipid extracts. They found that, by maintaining con-
stant conditions, reprocducible results could be obtained and
certain mycobacterial strains identified.

An investigation of pneumococcal polysaccharides was
reported by Levine et al. (1952, 19%3 a). The first attempt
to ldentify bacterla by the infrared spectra cf the whole
cells was that of Stevenson and Bolduan (19%52) who demon-
strated that many species of bacteria were sufficiently
varied in chemical compesition to be diffsrentiated by

their infrared spectra. This work was continued by Levine

et al. (1952 b) who found that the infrared spectra of Aere-



bacter, Zscherichia, Salmonells and Shigella speclies may be

differentiated under certain conditlons.
spectrum of wvarlation 1In the growth medium was demons

The early work of 3tevenson and Rolduan {1922) was
critically investigated by Thomas and Sreenstrect (19%])
who found that the clalms of 3tevenson and Polduan were
well founded.

Levine et al. (195%) fcund that spectral typing of

Klebslella by Infrared spectrophotometry of crude capsular

polysaccharide largely paralleled s=rclogical typing. In
some cases 1L was necsessary to establish spectral subtypes,
while in others differant serclogical types could not be
resolved.

A compariscn of the infrared spectra of bacterial
strains resistant to various antibiotics and to antltuber-
culous compounds and their parent strains was made by Full
and Grimm (1976 5). Malitative spectral diffararices
could be observed between certain sensitive and resistant

strains of Bacillus megaterium and the strain of 20C Myco-

bacterium tuberculoslis varlety bovis. Thase daviations

could not kte related quantitatively to the degreso of resist-
ance. Many reslistant mutants falled to show significant

difference from parent strains., It was concluded that it 1is
not possible to 1dentify bacterial speciss unequivocally by

means of infrared absorptlion spectra.
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A very extensive descriptilon of the work which has
hean done on the ldentificatlon of bacterial speclss by
whole cell infrarsd spectrs was that of Riddle st al, (19556).
Spectra of 57@ strains of 201 speciss of 33 genera of bvac-
caria were recorded. These spsctra were manipalated in

kS i

order to code them and use thls code on IBM cards toc form a

alog of spsctra,

n"s
3

o~
niraral

}.a

Greenstreet and Norris (1957) examined thas
absorption spectra of 137 sirains of wacteria. It was
found that genera could be distingulished easily, while
spaclas could be distingulshad with difficulty. Differ-
encas betwezan strains of the same svecles were of the same
order of magnitude as those arising from error of tzchnique.

O'Connor et al. (1957) described a method for differ-
entlatlion of bactsris by comparison of the Infrared spectra

of aqueous acetone extracts instesad of the spectra of the

kS

entire organism. It was felt that the use of seversl dif-

farent extractions yieldad more reliable resulbs than the

~

¥ull and Jrimm (19%6 k) Cound that positive identi-

flecation of bhacteriophage can not he made by Infrared anal-

23

vsis alone., 3Six serologically diffsrent "M" bacteriophages

ware distinguished by an exagserated absorption at 1735 cm

.

which was not observed with the purifisd tobacco mosaic

ftm1

virus or Z. coli phages.
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Microorganlsms

2]

The followling strains of Salmonella pullorum which

were used in this study were obitalned from the Communicable
Disease Center, United Stat Public Yealth Service, Cham~

Y ~ . - > - e - -~ —
blea, Teorgia: CDC 3522/9%; WJ 1-40127; NI 242-38;

Mont L232-27; WWa T32-.70; Minn A07-50; and Ky 5129-57. In
addition, an avirulent strain of 3. pullorum was obtained

fyom thas Pullorum Disease Center, Universlity of Maine,

1Y TN 2

— i e

[ed

Crono. This culturs was desiypnated

.

The fermentative and blochemical reactlons of Lthese

v
o
3
b
©
o
o

croanisms weras characterlistle for 3. pullorum as de
by 3read et al. (1957). These organisms wsre agslutinated
hy antlisera prevared for Group D of the Vaulman-White

11

scheme as we as by antlsera prepared against 3. pullorum.

w

The cultures ware strealed on Salmonella-Shigella

3d colonles wersa selectad for

[ omad
1 7]
@]
?"‘i
©
(“

arar (3BL) plates and
transfer te trypticase soy agar slants te be malntained as
stock cultures., The stock slants were stored at rcom tem-
perature and waelrly transfars were made.

4

irowth Medinm

[
s

fal

The mediur used [or» the growth e organisms was that

reported by Dooley (19C07) for the production of large num-



bers of cells, The composition of the madium 1s shown In
Table 1., Thils medium was preparsd, the pll adjusted to 7.2
and placad In a 20 1 carboy. Tho carboy containing the
medium was aubtoclaved at 20 pounds pressurz for 35 mlnutes.
Tnoculs

Inocula for the carboys ware prepared from sbtock cul-
tuares by inoculsting tubes of brain heart infuslon broth
(Difco), After 12 hours of incubation a% 37 ¢, 1 ml of

Fad o+

this culture was used to inoeculate a 500 ml flask of trypti-
~
A

case soy broth (ZDL). This flask was Incubated at 37 for

12 hours and used as the Ilnoculum for the carboy.
2l: hour trypticase soy agar cultures. The organisms ware

call suspension was dilutsd to a reading of 12C to 130 on
the Vlsbi-Summerson photocolorimsiar using 7
Dilutions were prevarsad [rom this standardized suspsnslion.
Indotoxlins were prepared for Injection into chicks

by welghing the necessary amount of endobtexin and adding
starile water. The suspanslion was mixed thorouzhly untill

ble.,

=
2]
(=

no particles were v
The chicls were Injscted on the right side ol the
abdomen immedlatsely above thae yolk sac. All challsnging

dosaes were administered n 1 ml ameunts,



COMPCS T
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THZ MEDIUM

SALMONTLLA PULLORUM
Constltuent Amount
Distilled water 10,0 1
Glucose (Tech) 200.0 g
Casamino acids (Tech) 2N0.0 o
Yeast u‘tract 100.0 g
i ;POh 13610 7C.0 g
KPP0, 30.0 &
‘v' thCl E0.0 ‘é
(7”1”) 250 10.0 g3
”"'O!L 1.0 g
}L.LLVO‘) 20.0 a
o0ulum citrate 5.0 2

CaClp 0.2 g

[}




Zxparimental Animals

One to three day old Whits Leghorn (Rabcock strain)
cockrels, hatched frem egzs from pullorum-frea flocks, were
usaed 1n all expaeriments. Food and water were made available

12 hours after inocculation and ad libltum thereafter. The

feed consisted of antibiotic-free breader ration.

Methods

xtraction of Zndotoxin

jar
o]
B
o+
"3
joV)
(&)
or
[
C
-
o
-

endotoxing was the trlichlorocacatic acl

known %o yield a hi
ata of polysaccharide and a low percentage of nitrog:
It has been used for the extraction technique throughout

this study.

§o
3
¥

After L€ hours growth at 37 C the calls ware h
vested by centrifugation iIn a Sharples centrifuze. The
cells were washad onc2 In distllled water and three times
in cold acztone, The residual acetone was removed after
the [lnal washing by evaporatlon.

The acecocne-%illed and dried cells of S. pullorum
were suspended In distlilled water which had been cooled to
2 C, The concentration of cells was 1 g dry welght of

calls te 25 ml of wabter. An eaual velume of 0O,



2l

-
[

rogcetic acid, also coolad %o €, was alded to the cell

susvenslion and the mixture was held at 2 C for twe hours
The c¢ells were removed by centrifugation, and the
gupernatant was dialyzed apalinst ranning tap waber for

2l hours to remove the acid. thrl alcohol was adled Lo

v e

he dialyzed supernatant to a final concentral!

cr

6C per cent alcohol. The precivitate was held at 2 C for

12 heurs and subsaquently collectad by centrifuging at

[}
70
o
O
>
L2
,]::

After the precipitated endotexin was washed

cr

once with cold ethanol, 1t was dried in vaguo over calclium
chloride in a tared petri dish. After it was drled, the
endotoxin was welghed and the infrared spectrum of each

extraction mads,

LDqO Determination of Viable Cells

The LDgp determinations of the warious strains of

5. pullorum were made according bto the technlague of Resd
2 ~ o] '3 . 3 R )
and Muench (1937). Tive groups of elight chicks each were

aseqd in the determinations.

Cell suspensions were praepared in sterile wabter by

the use of standard dilutlon procedurss. The number ©

viarle organlsms was determlned plate count, in dupli-
cate, by tha use ¢l the svread plate method. Tha plates

wzre incubated at 3



Indotoxin Toxlclty Studles

The toxiclity of the endctoxins ol strains NZC 17 and

3522/51 of S. pullorum was measured by determining the LDcg
— -~

[ o e

o

of each preparation. Tha 2ndotoxins were dissolved in

sterlils water for administration. The determination was
based on four or Iive groups of six chicks esacli, The inocu-

lum wzs containad In 1 ml,

SN N UNE P I - N P 21,0 o b 2D -
The toxicity ol stralns NJ 242, Yonbt 232, WWa 522,
» ’ . . - . . L -t . - . °
Minn 607 end Ky 2107 was detzrmined scoproximately by In-
) E K I, [P I 1 L - P oy oty
jecting each of six chicks willhi & mg of sndotoxin,

Prenaration of %"hole Cells

The cells were srown in 50 ml quantities of trypil-
case soy broth (BBL, Lot 7 9209) which had bean filtered

through a Seitz filter pricr te sterillization. The cultures

ware incubatad at 37 C for 2l hours. Ths cells were re-

th

b

moved by centrilugation at Z000 X 7 and washed twice w
dtstilled water, AfYer washing, the cells ware suspended

in 0.5 to 1.0 ml distilled water and the suspernslon frozen

] P e ~r " —~ 1 4 A e % yey k1 Y
in a thin laver along the wall of the tube by Immersing the
1 P s 3 Yy | - L] NP | m - . 1 1T s 1+ .
tube In a methanol-dry ice bath. They were held in ths fro-

zen state and lyophilized. Af%t2» lyophilization the tubes

<

in a desicecator ¢

e
¥

ver caleium chloride until

[0

Lore

were «

U
s}

preparailon for infrared spectroscepy.

o

Preparation of Tissue for Infrared Spectroscopy

One to twe day old chicks were diviced into four



groups randomly.

control, infec

trols recelived

celved water

-

and ad libitum

prepared from

+1

jecticn of the

At 2L, L&,
fected and con
thie 1liver and

proximately eq

wore pooled, homogenized in a

homogenizer and lyophil

similarly. In

after the injection of the infected birds.
were pooled frcm

intoxicated greup.

ted

2]

spproximately

the

The groups wersa normal control,

and intoxicated snimslz. The

hgd
i

no focod throughout the experiment, but re-

hcurs after the the experiment

ived

"
L

tharsafte

greup reca
104

intexicated tirds received 5 wmg

pullcrum 3522/51 60 hours afier t

infected group.

72 and 96 hours five birds from the in-

r

trol groups

LT B
wioLge

ual welgshts of the livers of

modified Potter-Zlvehjem

ized. The spleens were treated

toxicated blirds were sacrificed at 72 hours

Tissue samples

1

groups of three birds in tre case of the

The lyophilized tlssus was stored in

stoppered tuhes over calclium chloride in a desiccater until
preparation for iInfrared spzctroscopy.
Infrared Svectroscopy

350lid phass sampling was utilized for the prepara-
ticn of samples for infrared spectroscopy throughout this

work.

The po

1.
3838

4
iu

um bremide pellet technique reported by



Schiedt and Reinwein (1952) and by Stimson and O'Donnell
(1952) was used with minor modificaticns.

Spactrographlic grade wotaszium bromide (Merck, Darm-
stadt, Lot # 53336N) was dried at 110 C and ground in =

tc a mesh ef 300, After the

=3
o
[
-3
'—l
ct
(1)
3
o]
"5
f‘.?
=3
jo]
3
jon)
o]
0]
4]
ct
‘._J
[&)

bottle and storad over calcium chlerida in a deczlccator.
To prepare a pellet 199 mg of potessium bromide, prepared
as described, was placed in a mullite mortar and pestle
and mixed by grinding with 1 mg of the sampla. The mix-
ture was ground by hand for sapproximately three minutes.
It was then transferred quantitetively tc a pellet dile
(Hilger % Watts Ltd.), evacuated for five minutes and sub-
Jected to 20,000 pounds pressure under vacuum for five
minutes In & Carver laboratory press. Following the same
nrocedure reference pellets were preparad using 200 mg of
potassium bromide with no sample.

Specbra were recorded using a Perkin-Llmer Model 137
Infrescord spactremeter. Slnce this is a double beam instru-
ment, a plain potassiim bromide pellet was placed in the ref-
erence beam while the somple pellet was in the sample beam,
The iInstrument was adjusted to 90 per cent transmittance at
1.7 microns, set for automatic slit width adjustment, and

run &bt a speed of 1 micron per minute.
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endotoxins of seven stresins of Salwonella pullorum.
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tractions and 1s similar to that reported by Ross et al.

(195

1

) and by Dooley (19285). Strain NEC 17 failed to in-

duceg an infection when introduced into chicks 1In numbers
. & ¢ . . A

es high as 10% and 109 organisms. The rsmainder of the

values are the average of two determinations.

Toxlclty Studies of the ZEndotoxin

The average LDgp of the endotoxin of strain 3522/51,
based on two determinations was 3.5 mg per 35 g chick. The
LDgo of strain NEC 17 was l.5 mg per chicl,

The approximate toxiclties of the endotoxins of the
other strains of S. pullorum are shown in Table 2. The

cus ctrains of crganisms may be grouped by comparing

(]

e

ver
the approximate toxicitles. The endotoxins of strains
L5232 and Z159 are significantly less toxic than are the
preparations of the rest of the strains,

Infrared Spectroscoenpy ol Whela

There were no significant differences batween the
spectra of the whole cells of the strains ol 3. pullorum
uszd in this investigation. Some very minor differences
ware noted which ware of no greater macnltude than those

inherent in the technioue and in the Instrument. A typi-
cal spectrum of a whole cell preparation of S. pullorum is

presented in Figure 5.

2]

Infrared Spectroscopy of Chick Tissues

The spectra of liver tissues of normal, normal
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fasted, infected and intoxicated chicls ars shown in Fig-
ures 6 and 7. Figure 5 also presents the spectrum of the
total 1lipid extracted from the liver of a normal chick.

The tracing of the 1lipid spectrum was kindly furnished by
Yr. Charles D, Jeflries. The endotoxin weas administered

60 hours after infection; thus these spectra were made from
tissues of a chick 12 hours after the introduction of endo-
texin. This procedure enabled a compariscn of tissues of
chicls of the same age. PFigure £ shows, in detail, the
major differences in these spectra at 72 hours after infec-
tion. Some differences in the spectra of tissues of normal
chicks as thesy aged in the tzsst interval were neted. The
spectra of tissues from normal chicks at 12, 2L, 72 and 96
hours after the bhesinning of the experiment are shown in
Figure 9.

The zpectra ol the spleens of the normal, normal
fasted, infected and intoxicated chicks are shown in Fig-
ure 10. The only difference notad 1s the presenca of a
small pea¥ at .0 mlcrons iIn the spectrum of the spleen of
the intoxicated chick. No major spectral changes were
noted in the spleen of normal chicks during the experiment-

al time interval,
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Figure O, Infrared spsctra of the livers of normal and infected chicks.
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V. DISCIUSSTION

Past investigations of endctoxins have relied pri-
marily on the study of highly virulent strains of gram
necative organisms. There have been only two reports of

ha investigetion of both virulsnt and avirulent strains of

&}

the same species of microorganisms (Spink and Anderson,

165]; RBoor and Miller, 19LL). This study is concerned with
the eramination nct only ol highly virulent and avirulent

nave an intermediate virulence as well,

In this study the findings Anderson

o]
)
wn
3
e
b_l
[\8)
=
4

(19%4) and of Boor and Miller (19LL) regarding the toxlcity
of endotoxin from virulent and avirulent strains of the

same organlsm have been substantiated. Ths 2ndotoxins of
strains 3522/51 and NZC 17 of $. pullorum wers of the same

magnitude regarding toxicity while the viable cells of

p-le

these strains 4dilfer widely in their virulence., This com-
parison of toxlicity ls based upon ths administration of
equal welghts of the endobtoxin., If the assumption ia

made that the other [actors contriwuting to virulence of
the organism are 1ldentlical, then thsg difference hetween
these stralns could stem from a difference in the amount
of endotoxin each cell 15 capabla of producing. The [ind-
ings of Shipitsina and Vemel'wvancva (1

. . . *
9¢46) in thelr invas-

tigzation of the sndotoxln of Pasteurella tularsnsis ilndi-
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cate that this may, indesd, be the case. If, as in thelr
{indings, the avirulent cells contain one-half as much
ndotoxin as do the virulent cells, the body defenses of

the host may well have an opportunity to combat the infec-

P-"

tion beflfore a suflficlen®t lovel of egndobtoxin was reached to
cause death, since twice as many organisms would bhe required
for this level to be attained. In thils case the avirulent
rain NTC 17 contains 71 per cent as much endobtoxin as

dogs +the virulent strain 3722/51 psr unit of dry welzht.

If the number of organisms of sbtrain 3522/C1 is arbitrarily
braln NEC 17 would havse
approximately L1 per cent more orcanisms Lo produce this
amount of endotoxin. Si11fillan (19%5) found that the num-
ber of cells of S. pullcorum 3522/51 increases to a maximum
of about 109 in the carcass of the chick at aboub L& hours.
If this number is assumed to be lethal, strain NEC 17

would havs to attain a vpopulation of 410,000,000 morse

erganisms to cause death. "While thils many cells might be

t is concaivable that the host would be abhle to

e

attalned,
ovarcome the infectlion before that number was reached,.

The observation that introducling a number ol organ-~
.

T2C 17 which is almost szaulvalant to the

'_J

ails te inducs a lastha

1 4. - L4 T
hat strain NZC 17
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chick. The Introductlon of large numbers of
negative bacterla, elthsr viable or kililsd, nroduces symp-

toms quite simlilaer to those of purified endotoxins. Thus,

17 & sulliclently large number of 3. pullorum strain NEC 17
2211z ware introduced into the chiclk, the eflects ecould not

e distingulshed from those of thes endotoxin,

strain N30 17 and strain 2522/31 1s nobt due to a

* Ead

qualitative difference In the endotoxins of thase two

strains. The differonce appears to be due to a gquantlita-
tive diifference in the =ndotoxins of the two strains and to

the Inabllity of strain NTC 17 to multiply effectively in
the host,

As oointed out by Freter {(17%4), the assumption that
there 1s only one toxic fraction assoclated with the bac-
terial cell may be faulty. The techniques used in this
study, like those of obther workers, are sufficiently harsh
to result in the inactlilvatlon ef many compounds and to de-
nature probtelnaceous metorials,., Among the cellular con-
stituents 1t is posslible that thers are other hizghly toxic
compounds., The absence ol such a compound could also ac-

-+

count for the lower2d virulence of strain ¥zC 1

~
i

A

A comparison ol the virilence of ths viable cells

and the toxicity of ths sndotoxins of tha other strazins of

3. pullorum does not conflirm the [indings with stralin
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150 17. A divrsct relatlonship appears to exlist boetwesn th
virulence of thess other strains and the texiclty of their
andotoxins, These stralns are silther hi

e | 1. , Je
chly virulent, as

rains 242, £33 and 607, or of inbtermediate
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likely that these strains would be more similar to sach
other than they would to a completely avirulent straln,
thus introducing fewer varilables in comparing strains. The
andotoxins of thesz organlsms differ in degrec of toxiclity,
rather than in being elther toxic c¢r non-toxic, as shown
By ths fact that deaths occurred among all groups. Thus
1t appears that the reason for the reduced virulence of
strain NEC 17 differs from the causs of reduction of viru-
lencs in the other stralns.
Since such & difference exists between strains of
reduced virulence, the exverimental a»vroach of comparing
a hizhly virulent strain to a completesly avirulant one
seaems to have lilttle significance IiIn the Invesbtligation o
the nature of pathogenlic microorganisms. DBy comparing a
number of highly virulent strains with strains of lesser
rulence, but which are still virulent to some degree, a
more accurate plcture of the factors contributing to viru-
lence would be obtained. The interpretation of such re-

sults would, of necessity, be more difficult since a quan-

titative anproach rather than a qualitative one 1s neces-
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L7
preparatlions in thelr Tross aspecis. Some Informatlion re-
garding the nature ol the preparation may be obtained by
examining the absorontion peals. The ahsorptlion at 3.0 mi-
crons may be attributed te the presence ol two molecular

onfligurations, Amines are known to absorb strongly in

453

[ ]

e . e .
this region, suggesting the pre

5

ance of a protein fractlon.

9

Hydroxyl grouns are also reported to absorb strongly in

)]
o
w

this area. The strong absorption seen in the spactra 1s
probably due to ths combined absorption of thaszs two con-
figurations. The band at 2.543 microns 1s indicative of the

e

oL

ke
'3
(]
5]
@]

neoeg

\.D

methyl groups in the complex, The strong ab-

the peaks at 3,0 and 6,0 to 5.1 microns, this peak substan-
tiates the presence of protein in the endotoxin. The pealis
occurring betwaen 2.0 and 10.0 are consldered generally

characteristic of polysaccharidaes. The strong absorption

f

In this region of these gpectira cenlirms the presenca of a
large amount of polysaccharide in the complex

Any diffarerice 1in the infrared sypectra will be of a

minor nature slnce the comparlison of these strains revaals

n

varying bilological propsrties of viable cell virulence and
toxicity of the endotoxins. Such differences, whiles not



readily apparent ones, may bs as
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are above the lovel of the Iinstrums
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Porkin-Zlmer Model 21 double whlch ha
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ably better
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microns.

absent,
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or aridotoxins of

olid
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3522/71, 1

(=}
o

HEC 17 ther

s ntion

Iy

1ittle or no correlation of thls abvsor

e

ty of the prevparations. Thls absorptlon frequency

Ly

tentatlvely assigned to 1ler configuration of

phoapheates,

[nf

.8 r
~ -

The absorption abt avproximately microns appa

in the spectra recorded on the Model

correlate well with the blolorical propertles

mi, ¢

+
LAL3

v

o

rations. was not bernz2 out In the spactra records

the Model 21 instruament, ™

Lo int

in spectra of this nature,

3

abserntion band at 6.1 microns whi
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er on at wavelengths,
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some changss as the chicl ages, The principal change 1is

the occurrence and incrsasing intensiiy of an abscrption

@

peak at 9.72 microns. This peak has been atiributed te the
presance of zlycoren by Schwartz =t al. (195L) who reported
ecreases In the glycomen levels of the livers o

o2

ed rats, The accurulation of glycogen in the liver of the

s ; . . e e a -

utilization of the ration supplied. In the Infected chick
. L o " - ~ my. o —

the storarse of glycogen does not eccur., This may be a

FIE
Wil

o]
vy

*
e

o
@

r or bhoth of two reasons: (1) the chick

4

10 . . - e -+ S 2 - 1 LR
utilizes mors energy than normal in resisting the dissase,

ER =1

and (2) the endotoxin is known to saffect glycogen lavels.
Figure 7 shows that the endotoxin is capahle of interfering

rage of glycogen. Xun (1948} has shown thati
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ct
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he endotoxin of the meningococcus inhiblts the synthesis
of glycogen. Under trese conditions the glyccgen present

1s rapidly devrleted. In the case of the inboxicobed or ine-

1.7

acted chick the synthesis is inhibited before an apprecla-
hle amount has beem accurmlated. The normal fasted chiclk
is deprived of an externsl source of protein and carbony-
drate and 1s thus required bto consume most of the avallable

ormad [rom the contents of the

1 A - E 4 S
carbohydrate as 1t 1is
A - ] L T I . ) e b a1,

A very minor amount of glycogen 1s apparsnt from the spec-

. - o b o - 4
trum of ths [fasted liver.



The effects of the infection upon the synthesis of
glycogen can not be attributed primarlly to a cessation of

fzeding by the infected birds. While the intake of food 1s
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readuced drastically, topped comnletely until the
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the endo-
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enimal is prostrate, s o

3 1. .
toxin of the organism are greatar, and more rapid, than 1s
4 o nn n oo .
the elfect of fasting.
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A comparison of the spectra of the livers of the In-

toxicated and trhe normal fasted animals with that of the

1 L] o L e e Al 1 1 P C
total lipids from the Ililver of a chicll shows a stiriklng
. L o .- ., - ] -~ LIS WE -
gimilarity in the decreased transmittance ot lower wave-
wd P a ma. . 2 o A -1 b SIS .
lengths., Thus 1t anpears that the level of Tat In the

liver has increased measurably In thiese groups. An examli-
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sheows trat all the psaks,

howsvesr, are present in these that occur Iin bthe nocrmal or

infected animals. The occurrsnce of a fatty liver in a
nermal fasted chicit probably 1s due to the fact that the

chick has beer on a hizgh fat-low nrotelin diet followed by
starvation. Popver and Schaflfner (1957) state that sither
cf these nutritional imbulances may be responsible

fatty livers.
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/T. SUMMARY

T

- . * . e Fr . IS - 1,7
The virulence of strains 372°/71, NmC 17, N3 2h2,

1 2 e z - EPI oY i 1
Yont L2232, WVa O inn 607 and ¥y 2172 of Salmonells pul-

o SO 1 3 b} P | 2 4N F ] B oy o ¥ L4 L
lorum was debernined and comparsc WLLH Th2 toxicities of

the purlified endotoxins of these stralrns. The avirulent

-

strain NuC 17 preducad an endotoxin which had 2 polency of
samz macnitude as thet of the virulent strain CDC
2522/51,. Straln NIC 17 produced a zignil
amount of endotoxin on a dry cell weizht basis,

A compariscn of a number of stralns of
of intermedlate virulence indicated that the differences in

virulence were due to differences in the andotoxin rather

than to a reduced amount of endotoxin.

tions were correlatsd with bhiec presence of the ahzorption

peak at £,9 microns. The peal was tentatively ldentified

as helng characteristic of thie presence of hydroxyl groups.
The infrared spectra of homogenized llvers and spleens

of normzl, nermal Tasted, infected and Intoxicated chicks
were compaered. Speciroscovic evidence showed that the gly-

copen level of the infected and intoxicated chicks was

(o8

reduced dracstically, whille that ol the normal fasted chick

ﬁ:‘

was reduced to almost the same levwval,

The occurrence of fabtty Infiltration of the liver
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