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Tumor Necrosis Factor-inducing Activities of Lipid A Preparations from Pseudomonas

diminuta and Pseudomonas vesicularis
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Tumor necrosis factor (TNF)-inducing activities of lipid A preparations from P. diminuia and
P, vesicularis, which contain mainly 2 mol of 2,3-diamino-2,3-dideoxy-D-glucose and 1 mol of
nonglycosidic phosphate as the backbone component and have partly different fatty acid compo-
sitions, were examined. TNF was induced by injecting various lipid A fractions into mice that had
previounsly been sensitized with Mycobacterium bovis BCG vaccine. A major component of lipid A
of both strains, referred to as AJ fraction, exhibited stronger TNF-inducing activity than A2
fraction having incomplete acyl residues. The removal of ester-linked fatty acyl groups by mild
hydrazinolysis of the P. diminuta lipid A results in a marked decrease of the activity. These
results suggest that the structure of the hydrophobic part, including the amide-linked acyloxyacyl
group(s), of the lipid A molecule play an important role in inducing TNF in the sera of mice,
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TNEF, first found in the sera of animals pre-
viously injected with BCG and subsequently
with endotoxin, is known to cause necrosis
in transplanted tumor cells in vive" and to be
cytotoxic to various tumor cells in vitro.™™
Recently, multiple cellular functions of TNF
have been reported, including stimulation of
growth of normal diploid skin and lung
fibroblasts,” induction of differentiation in
myeloid leukemia cells,”™® modulation of cell
surface antigen expression in various cells,”""
and modulation and mediation of monocyte
cytotoxicity induced by cytokines'® and by
LPS.”™ Therefore, regulation of the produc-
tion of TNF, which is now known to be
produced by endotoxin-stimulated macro-
phages,'¥ is important in various cellular
functions.

In the previous study,'” we found that
Pseudomonas diminuta LPS contains a novel
endotoxic lipid A structure which is composed
mainly of 2,3-diamino-2,3-dideoxy-p-glucose,
nonglycosidic phosphate and fatty acids in the
molar ratio of 2:1:5-6. It would be interesting
to see whether or not such unusual lipid A
preparations have TNF-inducing activity.

Abbreviations: TNF, tumor necrosis factor; LPS,
lipopolysaccharide.
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In the present report, we describe the TNF-
inducing activity of lipid A preparations from
P. diminuta and P. vesicularis LPS.

MATERIALS AND METHODS

Materials BCG was purchased from Japan BCG
Ind., Tokyo. Recombinant human TNF was kindly
provided by Fujisawa Phamaceutical Co., Ltd.
RPMI 1640 medium was from GIBCO.

LPS and Lipid A Preparations LPS and free lipid
A were prepared from E. coli F515, P. diminuta
JCM 2788 and P. vesicularis JCM 1477 as previ-
ously described.'®'® Purified lipid A components,
A3 and A2 fractions were isolated from free lipid A
of P. diminuta and F. vesicularis by preparative
thin-layer chromatography (TLC) as previously
described.” To obtain partially deacylated lipid A
containing only amide-linked fatty acids, free lipid
A of P. diminuta was treated with anhydrous hy-
drazine at 60° for 1 hr'” and purified by silica gel
chromatography.™ The synthetic E. coli-type lipid
A, compound 506 was kindly provided by Daiichi
Pure Chemicals Co., Ltd. The chemical composi-
tion of purified lipids was determined by the
methods described previously,™

Assay for TNF-inducing Activity Serum con-
taining TNF was prepared by the method of
Carswell et al} Briefly, female mice (ddy) were
injected intravenously with 1 mg of BCG. After 2
weeks, 20 ug of LPS or lipid A was injected in-
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travenously, and the mice were bled 2 hr later, The
activity of TNF was assayed as described by Ruff
and Gifford.'" 1929 cells were seeded at a density
of 5X10° cells per well in 96-well tissue culture
plates in RPMI 1640 medium containing 10%
FBS. Serum dilutions were incubated with L1929
cells for 48 hr at 37° in a 5% CO, atmosphere.
The number of cells remaining was then quan-
titated. After the incubation, the medium was re-
moved and RPMI 1640 medium containing 109
FBS and 0.25 ¢Ci of [*'H]thymidine (specific activ-
ity, 2 Ci/mmol) was added. After incubation for a
further 4 hr, the cells were treated with 0.1%
trypsin it Hanks’ solution, and harvested by filtra-
tion on glass fiber filters (Whatman GF/C). The
filters were placed in a scintillation vial and dried
with an infrared lamp, then the radioactivity was
determined in Triton-toluene scintillator with an
ALOKA LSC1000 liguid scintillation counter. The
specific activity of recombinant human TNF
assayed as described above was calculated to be
1.18 X 10° U/mg (average of four determinations),
which is very close to the value of 10° U/mg
reported by Agpawal et al.2®

REsuLTS

Proposed Chemical Structure of Purified
Lipids The thin-layer chromatograms and the
chemical compositions of the purified lipids
are shown in Fig. 1 and Table I. Free lipid
A preparaticns from P. diminuta and P
vesicularis had 2 mol of 2,3-diamino-2,3-
dideoxy-D-glucose and 1 mol of nonglycosidic
phosphate as the backbone components. All
purified lipid A fractions have the same back-
bone, and the only structural difference
among these preparations was considered to
be in their fatty acid compositions. The A3
fraction of P. diminuta lipid A had about
4 mol of amide-linked 3-hydroxy fatty acids
(3-0OH-12:0, 3-OH-13:0 and 3-OH-14:0), in
which the 3-hydroxyl groups were partially
substituted by 1-2 mol of nonhydroxy fatty
acids (14:0 and 14:1) and 3-hydroxy-
dodecanoic acid. The A2 fraction of P
diminuta lipid A contained fewer fatty acyl
groups than did the A3 fraction. A similar
composition was also seen in P. vesicularis
lipid A fractions, except that neither tetra-
decenoic acid or 3-hydroxytridecanoic acid
was detected in the latter preparations. The
hydrazinolyzed lipid A (N,H,-PdA) had no
ester-linked fatty acids but retained almost all
amide-linked fatty acids. Thus, it has been
proposed that the main component of both
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Fig. 1. A. Thin-layer chromatogram of purified
lipid A preparations from P. diminuta. The lipids
were applied to a silica gel plate, developed with
chloroform-methanol-water-0.02 ¥ EDTA. (100:50:
7:4), and the chromatogram was charred with sul-
furic acid. 1, Free lipid A; 2, A2 fraction; 3, A3
fraction; 4, hydrazinolyzed lipid A (N:H.-PdA). B.
Thin-layer chromatogram of purified lipid A prep-
arations from P, vesicularis. 1, Free lipid A; 2, A3
fraction; 3, A2 fraction.
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Table I. Chemical Composition of Purified Lipid A Preparations
Fatty acid
Preparations 141 3-OH- 3-OH- 3-OH-  Uniden- Phos-
140 : 12:0 13:0 14:0 tified phorus
P. diminuta
A3 0.15 0.08 1.76 0.33 0.49 0.28 0.58
(0.3) (0.1} (0.3) (0.6) {0.9) {0.5) (1L.0)
A2 0.09 0.06 1.40 0.25 0.23 0.06 0.49
(0.2) (0.1) (2.9) (0.5) (0.5) 0.1 (1.0)
N.H-PJdA ND ND (.93 0.29 0.40 0.22 0.65
(1.4) (0.5) (0.6) (0.3) (1.0)
P. vesicuralis
A3 0.44 ND 1.38 ND 0.63 0.15 0.46
(1.0} (3.0) (14) (0.3) (1.0)
A2 0.40 ND 1.56 ND 0.57 0.07 0.52
(0.8) (3.0) (L. (0.1) (L.O)

Analytical values represent gmol/mg, and the figures in parentheses represent the molar ratio to phosphorus.
Abbreviations: 14:0, tetradecanoic acid; 14:1, tetradecenoic acid; 3-OH-12:0, 3-hydroxydodecancic acid; 3-

OH-13:0, 3-hydroxytridecanoic acid; 3-OH-14:0, 3-hydroxytetradecanoic acid; ND, not detected.
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Fig. 2. TNF-inducing activity of LPS
and lipid A preparations. Sera were ob-
tained from mice treated first with 1 mg
of BCG and subsequently with 20 pg of
P. diminuta LPS (O), synthetic lipid A
(506, &), P. diminutalipid A (@), or E,
coli lipid A (A) as described in “Mate-
rials and Methods.” The TNF activities
were determined by measuring the incor-
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P. diminuta and P. vesicularis lipid A has a
similar structure containing diaminosugar di-
saccharide phosphomonoester, which probably
carries penta- or hexa-acyl groups including
acyloxyacyl residues.'”

TNF-inducing Activity Figure 2 shows typi-
cal curves of TNF-inducing activities of lipid
A preparations from P. diminuta and E. coli
F515 and of LPS from P. diminuta as com-
pared with that of synthetic E. coli-type lipid
A (506). As seen in this figure, P. diminuta
LPS was able to induce TNF activity in mice,
as did synthetic lipid A. Moreover, the TNF-
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poration of [*H]thymidine into 1929
cells.

inducing activity of lipid A from P. diminuta
was very similar to that of P, dirninuta LPS as
well as E. coli lipid A. From the serum con-
centration that caused 509 cytotoxicity
against 1929 cells, TNF activities of sera
treated with the P. diminuta and E. coli lipid
A were calculated to be 3,100 and 4,100,
respectively.

To examine the relation of the fatty acyl
moiety of P. diminuta lipid A to TNF-induc-
ing activity, the activities of three prepara-
tions including A3, A2 fractions and
hydrazinolyzed lipid A (N,H,-PdA) were ex-
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Fig. 3. TNF-inducing activity of three
fractions derived from P. diminuta lipid
A, A3 fraction (curve A, @), A2 fraction
(curve B, O), and the hydrazinolyzed
lipid A, N.H,PdA (curve C, a). Induc-
tion of TNF by these preparations in mice
and measurement of the TNF activities
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were conducted as described in Fig. 2.
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Fig. 4, TNF-inducing activity of P.
vesicularis lipid A preparations, A3 frac-
tion {curve A, ®), A2 fraction (curve B,
0), and free lipid A (curve C, 2). In-
duction of TNF by these preparations in
mice and measurement of the TNF ac-
tivities were conducted as described in o
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the legend to Fig. 2,

amined. The results (Fig. 3) showed that A3
fraction of P. diminuta lipid A had a strong
TNF-inducing activity (curve A in Fig. 3). By
contrast, A2 fraction exhibited a very weak
activity, from which the serum concentration
causing 50% inhibition of L929 cells could
not be determined (curve B in Fig. 3). The
hydrazinolyzed lipid A (N,H,-PdA) was
hardly active (curve C in the same figure).
TNF-inducing activities of P. vesicularis
lipid A preparations are shown in Fig. 4. Both
lipid A and A3 fraction had strong TNF-
inducing activities as shown by curves C and
A in Fig. 4. As shown by curve B in the same
figure, the A2 fraction expressed a slightly
weaker activity as compared to A3 fraction.
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Table II summarizes the TNF-inducing ac-
tivities of various lipid A preparations as well
as P. diminuta LPS, with standard deviations.
As described above, the A3 fractions of P.
diminuta and P. vesicularis lipid A both had
significantly stronger TNF-inducing activity
than synthetic E. coli-type lipid A (506). The
A2 fraction derived from lipid A of both
strains had clearly weaker TNF-inducing
activity as compared to the A3 fraction. In the
case of the A2 fraction of P. diminuta lipid
A, the TNF-inducing activity was so weak
that its activity could not be estimated. We re-
peated the same experiments as in Table II
four times and confirmed the reproducibility
of these results.
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Table II. TNF-inducing Activity of Lipid A
Preparations

Preparation TNF-inducing activity

(mean £ 8D}
P. diminuta LPS 35632727
Lipid A 31361247
A3 56551926
A2 ND
N:H.-PdA ND
P. vesicularis Lipid A 27601391
A3 42001883
A2 2550650
E. coli F515 Lipid A 4093 £ 564
Synthetic lipid A (506) 1726629

TNEF activity is given as the reciprocal of the final dilution
of test serum that results in 50% inhibition of ['H]-
thymidine incorporation into L929 cells, Values shown
are averages=SD determined for individual serum
samples obtained from three to five mice. ND: not deter-
mined; the TNF-inducing activity of these fractions was
so weak that the serum concentration causing 50% inhi-
bition of L929 cells could not be estimated.

DiscussioN

The present study demonstrated that free
lipid A of P. diminuta and that of P
vesicularis express TNF-inducing activity in
mice; in both cases the major component
(A3) had the strongest activity, while the
activity of the A2 fraction was significantly
weaker. The activity of P. diminuta lipid A
fraction which had been subjected to hydra-
zinolysis was much lower than that of the A2
fraction. The main structural difference be-
tween A3 and A2 fractions of both strains
has been found in their fatty acyl groups: A2
fraction has an incomplete fatty acyl moiety,
which lacks partially amide-linked fatty acids,
as compared with A3 fraction. The hydra-
zinolyzed lipid A (N,H,-PdA) contains no
acyloxyacyl group, These results suggest that
the structure of the hydrophobic part, in-
cluding amide-linked acyloxyacyl groups, of
the lipid A molecule plays an important role
in inducing TNF in the sera of mice.

Similar relations between structure and
function of purified lipids of P. diminuta and
P. vesicularis have been observed in other
assays of biological activities. For example,
the local Shwartzman activity of A3 fraction
of both strains was about ten-fold greater than
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that of A2 fraction (unpublished results). The
results of lipid A epitope analysis by means of
the ELISA-inhibition test’”’ with conventional
and monoclonal antibodies also showed that
both P, diminuta and P. vesicularis lipid A
have closely related, if not identical, epitopes,
but the antigenic reactivity significantly de-
creases on partial deacylation, indicating the
important contribution of acyl groups includ-
ing acyloxyacyl residues {unpublished results).
Since endotoxic reactions are known to be
mediated by many cytokines including TNF,
interleukin 1 and colony stimulating factor, it
is likely that the P. diminuta lipid A and P.
vesicularis lipid A may induce other cytokines
as well as TNF. This possibility is under ex-
amination.
{Received Jan. 21, 1988/ Accepted March 16, 1988)
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