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(From the Department of Intérnal Medicine, The University of Texas, Southwestern Medical
School, Dallas, Texas)
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The endotoxins in different species of gram
negative bacteria exhibit remarkably similar bio-
logic effects which have been observed in both ex-
perimental animals and -man (1-5). These effects

may be seen after the injection of living bacteria,

killed bacteria, or endotoxin itself; they consist
of fever, shock, leukocytosis preceded by leuko-

penia, hypoglycemia, diarrhea, and prostration.

Although there are sometimes hemorrhages in
the intestine and other viscera, the findings post-
mortem are not enough to explain the cause of
death or to indicate where the endotoxin acts.

As a means of locating the site of action of en-
dotoxin, as well as its fate in vivo, a series of ex-
periments have been carried out using endotoxin
labelled with radioactive chromium. The endo-
toxin of Escherichia coli was selected for this study
because it can be conveniently prepared in large
quantities without the hazards associated with
more highly pathogenic bacteria. Radioactive
chromium proved to be satisfactory by virtue of
its firm attachment to endotoxin, its relative safety
in handling, and its half-life of 26.5 days. This
report deals with the technique of labelling of E.
coli endotoxin and with the properties of labelled
toxin ; those which follow describe its distribution
in vivo under various experimental conditions.

EXPERIMENTAL METHODS
I. Preparation of E. coli Endotoxin

The method of preparation of E. coli endotoxin was
based on Boivin and Mesrobeanu’s (6) principle that
endotoxin can be extracted by trichloroacetic acid at cold
temperatures. The bacteria were grown in a synthetic
medium modified from that described by Gladstone (7)
for growth of S. #yphosa. For the preparation of 25
liters, the following constituents were used: KH,PO,

1 This investigation was supported in part by the Re-
search and Development Division, Office of the Surgeon
General, Department of the Army, under Contract No.
DA-49-007-MD-519.

1125 grams, (NH,),SO, 12.5 grams, and NH,Cl 125
grams.

These salts were dissolved in 12 liters of distilled water
and 700 ml. 1 N NaOH were added, the volume being
made up to 15,000 ml. with distilled water. The reaction
was adjusted to pH 7.6 by the addition of 1 N NaOH,
9125 ml. distilled water were added, and the medium was
put in 4 liter quantities into 6 flasks of 6 liter size and
autoclaved at 115° C. for 20 minutes at 15 lbs. pressure.
To each flask the following sterile solutions were added:
M/6 MgSO,-7H,0 40 ml., 50 per cent glucose solution
20 ml., and M/NaHCO, 10 ml. The solutions of MgSO,
and glucose had been sterilized by autoclaving at 115° C
for 15 minutes at 15 1bs. pressure, and the NaHCO, was
sterilized by Seitz filtration.

Care was taken not to add these solutions more than
24 to 48 hr. before the medium was to be used, as storing
for longer periods leads to a reduction in the amount of
growth (8).

For inoculating this synthetic medium, a strain of E.
coli was used which had been isolated from a human in-
fection. It was subcultured in 5 per cent rabbit blood
broth and on rabbit blood agar to maintain a smooth
culture. One or two smooth colonies from the blood
agar plate were transferred to 10 ml. of synthetic medium.
After 6 to 8 hours’ growth at 37° C,, the 10 ml. of culture
was used to inoculate 400 to 600 ml. of the synthetic
medium and this inoculated medium was allowed to incu-
bate overnight at 37° C. Then 50 to 100 ml. portions of
the overnight growth were transferred to each of 6 flasks
containing 4,000 ml. of synthetic medium.

E. coli grew profusely in this medium. After 24 hours’
growth at 37° C., the bacterial bodies were chilled in the
deep freeze and removed just as ice began to form. The
chilling was necessary to arrest growth until they could
be separated in a DeLaval cream separator. If they were
not chilled, significant loss of toxicity of both the dried
bacterial bodies and the endotoxin occurred as measured
by the LD,, in mice. By slow addition of the bacterial
suspensions to the separator, it was possible to remove
the bacteria so effectively that hardly any turbidity re-
mained in the supernatant. The harvested bacteria were
removed from the bowl of the separator as a thick moist
paste and suspended in enough 95 per cent alcohol to give
a final concentration of approximately 70 per cent al-
cohol. This was followed by two more washings with
95 per cent alcohol, two with acetone, and finally by dry-
ing at 37° C. for at least two days.

The dried bacterial bodies were dispersed in 5 times
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their weight of water and shaken with glass beads in a
mechanical paint shaker for 15 minutes. The suspension
was refrigerated overnight and an equal volume of ice
cold .25 M trichloroacetic acid was added the following
morning. The centrifuge bottle containing the cold acid
suspension was wrapped in towels for insulation, shaken
for 15 minutes in the paint shaker and then placed in
cracked ice for three hours with frequent shaking by
hand. At the end of the period, virtually all of the bac-
terial residue was removed from the thick suspension
by centrifugating in a "Spinco ultracentrifuge for 30
minutes at 20,000 r.p.m.; then the slightly opalescent
centrifugate was dialyzed in a collodion sac at room
temperature against running tap water for 18 hours and
then against frequent changes of distilled water for at
least 24 hours. The dialysis tubing was next placed in
the incubator at 40° C. and the contents concentrated to
14 or 1§ of the original volume by evaporation with the
assistance of an electric fan blowing against the sac.
The concentrated solution was passed through a Seitz
filter, and the endotoxin was precipitated from the filtrate
by the addition of ethyl alcohol to give a final concen-
tration of 68 per cent alcohol by weight. The alcoholic
precipitation was allowed to proceed overnight in the
refrigerator. The endotoxin thus precipitated, was
washed twice with 95 per cent alcohol and twice with
ether. It was dried first at 37° C. and then in vacuo at
40° C. to a constant weight. The final product, a white
powder, was stored in the desiccator with Dririte. . The
LD,, for each batch of dried bacterial bodies and endo-
toxin was calculated by the method of Reed and Muench
(9). Each determination was based on the inoculation
of 6 graded doses of endotoxin in 6 groups of mice con-
taining 6 mice per group. Adult white Swiss mice weigh-
ing 20 grams were used. The endotoxin reacted nega-
tively to the biuret test for proteins and to the ninhydrin
test for proteins, polypeptides, and amino acids.

II. Tagging E. coli Endotoxin with Radioactive
Chromium (Crst)?

E. coli endotoxin has been tagged firmly with hexa-
valent chromium Na,Cr®0, and with trivalent chromium,
Cr"Cl,, The endotoxin has been firmly tagged in each
of three ways:

A. Adding Na,Cr"O, to growing cultures of E. coli
and extracting the tagged endotoxin.

B. Adding Na,Cr"O, to a suspension of the dried bac-
terial bodies and extracting the tagged endotoxin.

C. Adding Na,Cr®0, or Cr®Cl, to the endotoxin di-
rectly. The procedures for accomplishing these tags are
as follows:

A. Adding Na,Cr™0, to growing cultures

Both synthetic and standard media have been used.

1) Standard media. E. coli was grown for 48 hours on
tryptose agar at 37° C. in modified Blake bottles and

2 Radioactive Pharmaceuticals Division, Abbott Labora-
tories, Oak Ridge, Tennessee.

851

washed off with sterile distilled water. The bacterial
sediment was  washed twice in sterile distilled water
and then refrigerated for two days. The bacteria were
then -suspended .in 1,800 ml. of tryptose phosphate broth
to which 7.04 mg. of Na,Cr"O, (3.24 mc. Cr®) were
added. After incubation at 37° .C. for 12 hours, the bac-
teria were again sedimented at 1,500 r.p.m. in the centri-
fuge ‘and washed twice with sterile distilled water. Suc-
cessive washing was then performed with 70 per cent al-
cohol, 95 per cent alcohol (2 washings), acetone and
ether. The 7.5 gm. of bacteria obtained in this fashion
were dried in a vacuum oven at 40° C.

The total mass of 7.5 gm. of bacteria was suspended in
37.5 ml. of distilled water, shaken in a paint shaker for
30 minutes and cooled to 0° C. in an ice bath. The cold
bacterial suspension was mixed with an equal volume
(37.5 ml.) of ice cold .25 molar trichloroacetic acid and
the endotoxin extracted in the manner described in sec-
tion I.

The precipitate obtained after treatment with 68 per
cent alcohol was washed with 95 per cent ethyl alcohol
repeatedly until the count on the washes in the scintilla-
tion counter® equalled that of the background count.
The precipitate was further washed in ether-acetone and
dried at 40° C. in the vacuum oven. The total yield of
endotoxin was 46 mg.

2) Synthetic medium. Eighteen liters of the am-
monia medium described above were inoculated with a
culture of E. coli. After 12 hours’ incubation at 37° C,,
0.7 mc. of Na,Cr®0, (.194 mg.) was added to 9 liters of
culture and incubated at 37° C. for an additional 16 hours.
After 28 hours, ethyl alcohol was added to a concentra-
tion of 20 per cent by weight, all bacteria were separated
in the DeLaval cream separator in the manner described,
and washed with alcohol, acetone, ether, and dried. The
yield of tagged bacteria was 7.2 gm. and of non-tagged
bacteria 5.6 gm.

Endotoxin was obtained by extraction with trichloro-
acetic acid in the cold by the method described above to
give 22.9 mg. of tagged endotoxin and 20.3 mg. of non-
tagged endotoxin.

B. Addition of Na,Cr™O, to a suspension of the dried
bacterial bodies and then exiraciing the tagged endo-
toxin

Modified Blake bottles lined with tryptose agar were
inoculated with E. coli and incubated at room tempera-
ture (27° C.). After 24 hours, the growth was washed
off with sterile distilled water. The bacteria were sepa-
rated from the distilled water in the centrifuge and then
washed with 95 per cent ethyl alcohol twice and ace-
tone-ether once. The residue was brought to constant
weight by drying at 40° C. in the vacuum oven and stor-
ing in a desiccator with calcium chloride. Then 5.3 gm.
of dried bacteria were suspended in 100 ml. of distilled
water to which were added 4 mc. of Na,Cr®O, (1.7 mc.

8 Radioactivity in all experiments was measured by a
gamma sensitive sodium-iodide thallium scintillating well-
type crystal.
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per mg.). The mixture of bacterial bodies and Cr™ was
incubated at 37° C. for 48 hours and dialyzed four days
against running tap water followed by 24 hours against
distilled water to remove free Cr® The volume was con-
centrated to 50 ml. in vacuo and the suspension chilled
to 0° C. The chilled suspension of bacteria was mixed
with ice cold 0.25 M trichloroacetic acid, and the endo-
toxin extracted in the manner described. The yield was
39.5 mg.

To test the stability of the bond between Cr®™ and endo-
toxin, the entire volume of tagged endotoxin solution
was dialyzed against distilled water at 4° C. for 10 days.
Under these circumstances less than 1 per cent of the ra-
dioactivity on the endotoxin appeared in the dialysate wa-
ter during a period of 24 hours.

C. Adding Na,Cr*0O, and Cr®Cl, to the endotoxin
directly

1) Addition of Na,Cr™O, and Cr®Cl, to non-tagged
endotoxin. E. coli endotoxin was prepared from bacteria
grown in the synthetic ammonia medium as described
above and suspended in water in a concentration of 5 mg.
per ml. It was filtered through a Seitz filter to sterilize
the endotoxin. The LD,, for mice before and after filtra-
tion was .25 mg.

Two equal samples of endotoxin were incubated at 37°
C. for 24 hours with Cr™ as follows:

a. 7.0 ml. endotoxin (35 mg.) +0.4 mc. (0.5 ml)
Cr™Cl,

b. 70 ml. endotoxin (35 mg.) +04 mc. (0.5 ml.)
NaCr®O,

At the end of 24 hours’ incubation, each solution was
dialyzed against distilled water at room temperature until
there was no longer any significant loss of radioactivity
into the dialysate water. The results may be summarized
as follows:

Counts per sec.
Source Mg. of per mg. Scintil- LDso for
of tag endotoxin lation counter mice
Na,CrO, 35 593.6 .25 mg.
CrCl, 35 4,771.2 Not lethal

The loss of toxicity was attributed to inactivation of
the endotoxin upon exposure to the low pH (pH =2) of
the solution of CrCl,. Precautions were taken, therefore,
to prevent inactivation of endotoxin by the acidity of
CrCl,. Accordingly, the endotoxin was suspended in a
phosphate chloride buffer (pH =7) before addition of
CrCl,. The formula of the buffer was:.3530 g - NaH,PO,
+ .6390 g Na,HPO, +.172 g NaCl dissolved in 1,000 ml.
of water.

Furthermore, to avoid possible loss of endotoxin into
the bath during dialysis, in amounts which could not be
determined easily, it was decided to rid the endotoxin of
free chromium by repeated washes with absolute alcohol
in which the endotoxin is insoluble. Two lots of endo-
toxin were suspended in sterile phosphate chloride buffer
and incubated in the presence of Cr™ for 24 hours at 37°
C. as follows:
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Lot A

100 mg. endotoxin plus .56 mg. Cr®Cl, (.165 mc.)
200 mg. endotoxin plus 1.12 mg. Na,Cr®O, (1.057 mc.)
100 mg. endotoxin plus no chromium

Lot B

115 mg. endotoxin plus .77 mg. Cr™Cl, (.170 mc.)
115 mg. endotoxin plus .505 mg. Na,Cr"O, (.355 mc.)
85 mg. endotoxin plus no chromium

After 24 hours’ incubation, each sample of endotoxin
was reprecipitated by adding ethyl alcohol to a concen-
tration of 68 per cent by weight and separated in the
ultracentrifuge at 30,000 r.p.m. for 15 minutes. Each
sample was stored in 95 per cent alcohol at 4° C. and then
washed repeatedly with absolute alcohol for eight days
until no radioactivity appeared in the wash. Then the
endotoxin was washed in ether and dried in vacuo at
40° C. until it reached constant weight. The radioac-
tivity and LD,, of each sample were measured and listed
in Table II (Samples 5-8).

2) Addition of Na,Cr™O, to endotoxin already tagged
with chromate fons. Endotoxin tagged as described in
section B above by addition of Na,Cr™O, to dead bac-
terial bodies, was used in this experiment to determine if
the tag could be increased by additional exposure. The
endotoxin was suspended in water in a concentration of
S mg. per ml. A total of 10 mg. of tagged endotoxin
was incubated for 24 hours at 37° C. with 0.5 mc. of
Na,Cr™O, and dialyzed against distilled water in paral-
lel with an equal amount of the same batch of tagged
endotoxin which had been exposed to no additional
Na,Cr™0,. The dialysis was carried out at 4° C. for 10
days. At that time, no loss of radioactivity was detected
in the dialysis bath. The radioactivity of the two samples
is given in Table II, number 3A.

ITII. Experiments to Provide Evidence that the
Tag is Stable and that Radioactivity is Propor-
tional to Toxicity

This problem was approached in three ways:

1) Labelled endotoxin was dialyzed during storage for
as long as one month and the dialysate examined for free
Cr™ by measuring the radioactivity. In addition, radio-
active endotoxin was washed repeatedly in 68 per cent
alcohol and the alcoholic wash tested for radioactivity.

2) Suspensions of radioactive labelled endotoxin were
subjected to vigorous physical treatment in an effort to
rupture the bond. This procedure, consisting of differ-
ential ultracentrifugation and alcoholic precipitation, also
served as a test for the homogeneity of the material.
If the fractions of endotoxin separated by these proce-
dures were of different composition, and if they possessed
different affinities for Cr®, it would be expected that the
radioactivity per unit of toxicity would vary from frac-
tion to fraction.

3) Serial dilutions of radioactivity were made to learn
whether simple dilution of radioactivity was accompanied
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by proportional changes in toxicity. This procedure was
necessary in order to predict whether the dilution occur-
ring after in vivo injection would invalidate radioactivity
as a measure of toxin.

The first endotoxin employed was labelled with
Na,Cr™0,. A total of 58 mg., giving 6,064 counts per
second in the scintillation counter, was suspended in 23.5
ml. of phosphate buffer. Three fractions of the suspension
were separated as follows:

Fraction I was the sediment obtained by centrifugation
for one hour at 40,000 r.p.m. in the ultracentrifuge.

Fraction II was obtained by treating the clear super-
natant from part I with ethyl alcohol to give a final con-
centration of 68 per cent by weight, and by ultracentrifu-
gation at 20,000 r.p.m. for 30 minutes. The precipitate
was then resuspended in 20 ml. of the phosphate buffer.

Fraction III was the supernatant from part II. It was
dialyzed against phosphate buffer for 72 hours after
the alcohol had first been removed by evaporation at
37° C. The volume was brought up to 20 ml. with the
necessary quantity of phosphate buffer.

Six serial two fold dilutions of each of the three frac-
tions and of the original untreated parent endotoxins
were made in phosphate buffer so that the approximate
LD,, of each fraction could be determined in terms of
radioactivity. The radioactivity of each diluted portion
was determined and then 0.5 ml. portions of each of the
6 serial dilutions were inoculated intraperitoneally into
each of § mice. The mortality rate was recorded during
36 hours for the 30 mice receiving each fraction.

The experiment was then repeated using a second en-
dotoxin. This was divided into two portions: one was
labelled with Na,Cr™O, and the other with CrCl,, A
total of 60 mg. of chromate-labelled endotoxin gave 18,540
counts per second in the scintillation counter and a total
of 80 mg. of chromic-labelled endotoxin gave 146,560
counts per second. These samples of endotoxin were
then treated in the same way as the first endotoxin.

RESULTS
1. Preparation of endotoxin

Table I summarizes the results of preparing 9
lots of endotoxin in a synthetic medium.

A comparison of the toxicities of each lot of en-
dotoxin with the toxicity of dried bacterial bodies,
from which they were extracted, is expressed as
the ratio of their LD,,’s. The ratio of LD, of
the whole bacterial body to the LD, of purified
endotoxin varies in different batches from 9.05 to
2.50. This would suggest that at least 1/2.5 to
1/9 of the dried bacterial cell is composed of endo-
toxin. The average dried cell would contain at
least 1/4.6 (22 per cent) endotoxin according to
this type of calculation. It is emphasized that
these are minimum values because of the possi-
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bility that endotoxin might lose activity during
its extraction.

II. Tagging E. coli endotoxinm with radioactive
chromium (Cr®t)

The results are summarized in Table II. The
number of mcg. of atomic chromium bound to
each mg. of endotoxin was calculated from its ra-
dioactivity, expressed per second. This calcu-
lation could be made from the specific activity
(mc. per mg.) of the Cr®! and the determination
of the number of counts per mg. of atomic chro-
mium. The chromium atom constitutes exactly
14 of each molecule of CrCl, and Na,CrO,. Each
mc. gave 1,650 counts per second in the scintilla-
tion counter. All results are corrected for decay.

It is clear that much more Cr®* is bound by en-
dotoxin in the presence of Cr®!Cl, than in the pres-
ence of Na,Cr®Q, under conditions in which the
relative concentrations of endotoxin and Na,CrO,
were the same as those of endotoxin and CrCl,.
Under these circumstances, the number of chro-
mate and chromic ions were also approximately
the same because the molecular weights of the
two compounds were nearly equal. The results
also show that much more chromium was bound
when Na,Cr®10O, was incubated with the endotoxin
than with the living or dead bacterial cell. In this
connection, it was found that the amount of Cr®
bound by radioactive endotoxin extracted from
dead bacterial cells could be increased by 200 per
cent upon subsequent exposure of the extracted
endotoxin to Na,Cr®20, (Endotoxin 3A, Table
I1I).

The toxicity of the endotoxin as measured by
LD,, was not changed in any of the experiments
by labelling with buffered radioactive chromium.
Intravenous injection of 1.0 mg. of the labelled
endotoxin was also able to induce the generalized
Shwartzman reaction with bilateral cortical necro-
sis of rabbit kidneys after a preparatory injection
of 2.0 ml. of meningococcal filtrate diluted 1:80.*

II1. Evidence that the tag is stable and that radsio-
activity is proportional to toxicity

The daily loss of radioactivity in the alcoholic
washes or in the dialysis wash was less than 0.1

-4 The meningococcal filtrate was obtained from Dr.

Richard T. Smith, Department of Pediatrics, University
of Minnesota.
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. TABLE 1
Summary of resulis oblained in preparing endotoxin in a synthetic medium *

B c E Eximted Wi % yield
R LDy LDs _ Wt. content of endo- of total
Lot bacterial ends LDu battertal cell i gm3 produced endotozin
No. bodies toxin - -, LD endatoxin, em.) (E/D) (mg.) (G/F X100)
1 1.10 -0.375 " 1.1070.375=2.93 21.7 1945 952 '10.07
2 0.917 0.11 0,91 /01§-834 71 0.85 166.9 19.67
3 0.86 0.095 0.86/0.095 =905 23.7 2.62 - 713.6 27.27
4 0.312 0.058 . 0.312/0.658 =537 33.0 6.14 1,184 19.28
5 0.465 0.156 0.465/0,156 =2.98 25.5 ~ 8.55 lost
6 0.34 0.085 0.34/0.085 =4.0 18.0 4.50 63 12.51
7 0.167 -0.063 . . 0.167/0.063 =2.65 - 10.0 3.77 105t 2.78
8 0.625 ~ 0,250 0.625/0.250 =2.50 16.0 : 640 510 7.90
9 0.312 © 0.094" *0.312/0.094 =3.32 '18.0 542 . - 280 5.16

* The approximate dilution of endotoxin within' the dried bacterial cell can be calculated from the following ratio:
Lfg.‘o" ofb‘:n““do“‘v cell " Knowing the dilution of endotoxin within the cell, it is possible,to calculate the weight of endo-
toxin in a mass of bacterial bodies from their total weight. It is emphasized that this calculation does not take into
account possible loss of toxicity resulting from extraction of endotoxin. For this reason, the estimated content of endo-
toxin gives only a minimum value. Since the same procedure for extraction was used in all experiments, however, this
calculation is-valid for comparing the theoretical and total yields in each of the 9 lots. The endotoxin contained .013
mg. nitrogen per gram endotoxin in one of the lots tésted. Three other lots contained no nitrogen.

t A portion was lost during processing. .

TABLE II
Summary of results oblained in lagging endotoxin *

LDss for

F Mg. Crét . Count 3
Point at Cx?‘r'm a:s adﬁed a8 gd‘o- nc./nt:k/. Cr“n/cmx C?/cn‘;g. mgdi(:-w Identifi-
Culture which Cr#? no. of me. atomic toxin endo- endo- endo- active cation
medium was added added chromium  recovered toxin, toxin toxin endotoxin) No.
Tryptose a Growing 3.24 2.34 46 154.4 0.0936-  0.0665 0.25 1
anrz%roth g culture Na,CrO, .
Synthetic Growing 0.7 0.194 229 81.6 0.049  0.0136 Not 2
culture Na,CrO, tested
Tryptoseagar Dead bacterial 4.0 0.785 39.5 518 0.387 0.0763 0.25 3
i bodies Na,CrO, :
Tryptoseagar Radioactive 0.5 0.298 12 1,552 0.610 .2273 Not 3A
. endotoxin NasCrO, (.3874+ (07634 tested
preparedin 3 - .223) .151)
Synthetic Endotoxin 0.5 - 0.174 35 1,187.2 0.719 0.251 - 0.25 4
. . NagCrO. .
Synthetic Endotoxin %:g' 0.185 58.1 4,205 2648 285 0.071 5
3
Synthetic Endotoxin 1.057 0.369 1454 973.5 0.59 0.206 0.129 6
Na,CrO, )
Synthetic Endotoxin 0.170 0.254 98 2,656 1.61 2.40 0.162 7
CrCl,
Synthetic Endotoxin 0.355 0.166 109 468.9 0.284 0.137 0.177 8
Na;CrO,

* Summary of results obtained in labelling endotoxin by adding Cr® before or after separation of endotoxin from
bacteria: Efficiency of tag is best expressed as micrograms of chromium bound per mg. of endotoxin (recorded in third
column from ngrl‘:g Note that endotoxin binds 10 times as much trivalent as hexavalent chromium. Micrograms of
chremium per mg. of endotoxin are calculated from: 1) radioactivity of endotoxin and 2) specific activity (microcuries/
microgram) of chromium compound used for labelling that sample of endotoxin. One microcurie produced 1,650 counts
per second in the scintillation counter. : : . :
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Correlation between mortality of mice snd radiosctivity of Endotoxin. Esch point
"represents number of deaths for & given smount of .radiosctivity expressed as counts

per second injected ‘into each mouse.
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F1c. 1. Staprrry of CHrOMIUM LABELS ON ENDOTOXINS A AND B AFTER ULTRACENTRIFUGATION (FRACTION I) AND
AvrcoroLic RepreEcIPITATION (FrAcTION II)

Fraction III is the supernate after removal of I and II.

Each fraction and the parent endotoxin was divided into

6 serial dilutions and then each dilution inoculated into 5 mice for plotting these mortality curves. All 6 points are
not plotted on each curve because only the highest of the dilutions giving 100 per cent mortality is needed. This
experiment illustrates not only stability of the tag in the face of vigorous physical manipulation but also a constant
ratio between radioactivity and toxicity among the various fractions.

per cent per day for either chromate- or chromic-
labelled endotoxin.

In Figure 1, the number of deaths is plotted
against the number of counts per second in each
sample of endotoxin injected. It is to be noted
that for a given endotoxin, the amounts of radio-
activity corresponding to the LD,, of each the
first two fractions were almost identical to that
of the original untreated parent endotoxin. Each
of the third fractions, consisting of the supernate
after sedimentation of endotoxin, contained only
slight radioactivity, or none at all, and no toxicity.
In other words, radioactivity maintained a con-
stant relationship to toxicity (LD;,) despite the
manipulations to which endotoxin was subjected.
It can also be observed that serial dilutions of the
endotoxin produced a proportional fall in toxicity

and radioactivity. These facts are good evidence
that the endotoxin is a homogeneous substance
which binds Cr®* tightly and evenly.

DISCUSSION

There can be little doubt, in the case of hexa-
valent Cr®, that endotoxin is more efficiently la-
belled after it has been separated from the bacterial
cell. This conclusion is supported by two obser-
vations: 1) Under conditions which employed an
excess of chromate ions, much greater radioactivity
per milligram of endotoxin resulted when Cr®
was added directly to endotoxin than when it was
added to growing cultures; 2) radioactive endo-
toxin, extracted from a suspension of dead bac-
terial bodies which had been mixed with Cr®
gained an amount of bound chromium equal to an
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additional 200 per cent upon subsequent exposure
of the extracted endotoxin to only 30 per cent as
much Cr® as that used originally. This gain in
radioactivity indicated that much of the affinity of
endotoxin for Cr® remains unsatisfied when Cr®
is added before the endotoxin has been removed
from the bacterial cell. The high affinity of Cr®
for extracellular endotoxin clearly demonstrates a
stable union between the two which does not de-
pend on intimate bacterial incorporation of chro-
mium into the endotoxin molecule during growth.
Instead, it is likely that chromium was not actively
utilized by the growing bacterial cell and that in
the presence of multiplying bacteria chromium was
bound entirely by endotoxin which already existed.
If chromium is not assimilated during bacterial
growth, than greater efficiency would be expected
in labelling endotoxin after it has been extracted
from the cell and separated from other bacterial
products. The calculations in section I indicate
that in the average bacterial cell of E. coli, at least
one-fifth of the contents is composed of endotoxin.
In a growing culture, which is a mixture of living
and dead bacteria, as well as their products of
disintegration, the endotoxin thus competes with a
large quantity of other bacterial products which
undoubtedly also possess an affinity for chromium.
These bacterial products may also combine chem-
ically with the endotoxin itself and thus interfere
with its union with Cr%*. The number of chro-
mate ions was calculated to be present in great
excess of the estimated available endotoxin in all
experiments. The presence, however, of other
bacterial products capable of binding chromium
could appreciably reduce the ratio of free chro-
mate ion to endotoxin molecules.

Both chromate and chromic ions attach them-
selves to the endotoxin molecule without altering
toxicity. Boivin and Mesrobeanu (6) have dem-
onstrated that endotoxin obtained by their method
is free of protein and is dissociated into a toxic
phospholipid fraction, and a non-toxic polysac-
charide fraction. The endotoxin prepared in the
present experiments from E. coli was also found
to be free of protein, polypeptides, and amino acids
by the extremely sensitive ninhydrin test. It is
possible, therefore, that if chromic ion became
attached to the polysaccharide fraction, the chro-
mium would be connected to the toxic moiety
through a non-toxic link. Fortunately, from
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the standpoint of these experiments, the attach-
ment of chromium to the toxic moiety, even if it
were an indirect one, is stable and constant as il-
lustrated in the experiments in section III. A
remarkably close quantitative correlation exists
between toxicity and radioactivity so that it would
appear justifiable to use radioactivity as a meas-
ure of the amount of tagged endotoxin during
tracer experiments.

Before conducting tracer experiments with
tagged endotoxin, however, certain precautions
must be observed. The importance of avoiding
detoxification by the low pH of unbuffered CrCl,
has been emphasized. Use of a phosphate chlo-
ride buffer is an excellent safeguard against this
difficulty. Care must also be taken against the ac-
cumulation of free chromium ion in solutions of
endotoxin. All solutions of tagged endotoxin
stored for long periods should be checked for un-
bound chromium immediately before use by dialy-
sis or by washing the reprecipitated toxin.

It is probably important, also, to take precau-
tions against the presence of organic materials in
the bacterial media which could contaminate the
endotoxin. The liquid synthetic medium is there-
fore preferred because it avoids the incorporation
into the endotoxin of various impurities including
the galactose present in agar (8).

SUMMARY AND CONCLUSIONS

E. coli endotoxin has been prepared in a syn-
thetic medium consisting of inorganic salts and
dextrose. Dried bacterial cells obtained after
growth in this medium were calculated to con-
tain an approximate average of at least 22 per cent
endotoxin.

E. coli endotoxin has been firmly labelled with
hexavalent Cr®* by the addition of Na,Cr®0O, to
suspensions of each of the following:

1) actively growing cultures of E. coli

2) dead bacterial cells harvested from the cul-
ture medium

3) endotoxin after separation from the bac-
terial cell.

The most efficient means of labelling with Cr%*
is by addition to endotoxin after separation from
the bacterial cell. This provides a high count per
mg. endotoxin with a minimum waste of free
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chromium. The tag is firm and the LD,, of radio-
active toxin is the same as corresponding samples
of non-tagged endotoxin.

E. coli endotoxin has also been labelled with tri-
valent Cr® by the use of Cr®:Cl,. Cr®:Cl, pro-
duced a far heavier tag than Na,Cr%20O, and did
not reduce toxicity of endotoxin when precautions
were taken to prevent inactivation by low pH.

A close quantitative relationship has been shown
to exist between toxicity and radioactivity so that
it would appear justifiable to use radioactivity as
a measure of the amount of chromate tagged endo-
toxin during tracer experiments.
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