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SHORT COMMUNICATION

PRESENCE AND 1.0CATION OF AN O-ACETYL GROUP IN

04~AN'1'1GEN OF FIBR/O PAR, HHEMOL\'TICUS

SETSUKO TANAKA, MITSUO TORII and TsuNEHISA A1\TANO

Department of littmunology, Research institute for. NIIcrobial Diseases, Osaka University,
Suita, Osaka 565, Japan

(Receiv"d Octob", 17,1980)

A polysaccharide molety (PS) released from 04-LPS of Fibrt'opnrahaemo!ytt'c"s was
purified. The constituent sugars of the purified PS were glucose, galactose, arab-
in OSe, fucose, heptosc, N-acetyl galactosamine and an Linknown N-acetyl amino
sugar. The unknown amino sugar was deduced to be a terminal dcoxy amino sugar
from its NMR spectrum.

PNMR spectroscopy at 200 MHz, periodatc oxidation and treatment with reL-
Iucosidasc of the PUTifiecl PS sample before and after alcoholic sodium methoxide-
treatment suggested that PS contained an O-acetyl and relinkcd non-reducing ter-
minal L-fucose and that the O-acetyl group was located at the C-2 or C-4 position
of the non-rcducing terminal fucose.

The contribution of the O-acetyl group located in L-fucose to the 04-antigenic
determinant seemed to be small, judging from jinmunochemical experiments.
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Several chemical studies on the chemotypc of
th. lip. p, by".. halld, (LPS) of P, b, ,', 15",-
ahnew06!tici, s have been reported (Deneke and
Colwe11,1973 ; Hisatsunc at a1. , 1980; Ishi-
bashi at a1. , 1979; Miyano at a1. , 1980; Shimo-
uchi, 1972; Terada and Yokod0, 1972; Torii
at a1. , 1969). The chemical composition of
the LPS has been espccially extensively an-
alyzed, but little is still known about its struc-
ture and antigenic determinant.

We recently became intcrested in the struc-
ture and antigenic determinant of 04-LPS,
and we attempted to use 200 A, IHz proton nti-
clear magnetic spectroscopyresonance

(PNlv, IR) to obtain information on the struc-

ture of its polysaccharide molety that is re-
lated to its scrological type. Super conduct-
ing magnet high field NA, IR spectroscopy
should provide information on the structure of
the carbohydrate, because the very high sensi-
tivity and first-order spin coupling pattern ob-
tained with this instrument in akc it possible to
me astire the spectra of very, small amount of
carbohydrate sample and simplify spectral as-
signments. Another merit of using this in-
strument for carbohydrate analysis is that a
well-resolved spectrum can be recorded in
D, O solution, whereas with a usual instrument
(60 MH" or 100 A{H"), 0-"., tylati. n of th.
carbohydrate is required to obtain a well-re-
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solved spectrum. As a result, there have been
many reports on the high field NMR spectra
of carbohydrates in 020. This paper reports
the presence and location of an O-acetyl group
in the polysaccharide molety of 04-LPS de-
termined by 200 MHz PNMR spectroscopy,
periodate oxidation and it-L-fucosidase action.

A crude sample of 04-LPS was extracted
from boiled cells of the 04-pilot strain by, the
phenoljwater procedure of westphal at al.
(1952), and purlfied by the PC. P. mad, .d
(Galanos at a1. , 1969) to remove reglucan.
The polysaccharide in Diety (PS) was separated
f"Qin Lipid A (LA) by t", at ing the pu"ithd
04-LPS with 0.1 M acetic acid at 100 C for

11 h. During this treatment the LA became
insoluble. The mixture was then centrifuged
at 10,000g for 30 min, and the supernatant
was Iyophilized. The product (crude PS) was
purified on a Bio-gel P-10 column (1.5 x
140 cm) eluted with H, 0. Fractions of the
effluent were tested by the phenoljsulfuric acid
inerh. d (Dub. I^ at a1. , 1951). A^ ^I, .wn in
Fig. I, two distinct peaks were obtained. The
material (PS) in the first peak did not pre-
cipitate with anti-04 serum, but showed 04
specificity in the quantitative precipitation in-
hibition assay. The second peak mainly con-
tained monosaccharides and was not inhibi-

tory. PS was Iyophilized for further experi-
merits. The yield of PS from purified LPS
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FIGui{E I. Gel chromatographic pattern of crude
PS o1T Bio-gel P-10. Chromatographic conditions
arc described in tite text

o

by this procedure was 48%.
PS was hydrolyzed in 2 N trmuoroacetic

acid at 100 C for 16 h, and then its neutral
sugar components were analyzed by gas-liquid
chromatography (Instrument, Shimazu GC-
4BF; 3% ECNSS-A1 on Chromosorb Q; car-
Tier gas, N2; column temperature, 190 C) as

TABI, E I.

11

04-LPS

Lipid A

Crude PS

PS (Peak 10
Peal< 11"

Mo"OSocchoride Compositions of 1'012'ONS Fractions (OS "10/07^'at 20s to farose)

the aiditol acetate derivative and its amino

sugar components were determined in an
amino acid analyzer (Hitachi 1< LA-5). The
results of sugar analysis are summer ized in
Table I. Since no glucosamine was detected
in PS, it was supposed to be present only in
the Lipid A inoiety. An unknown amino
sugar was detected as a constituent sugar of
PS. TITis amino sugar was a terminal deoxy-
amino sugar Judging by 200 111HZ PNlv{R
spectroscopy, but studies on its complete

200

Glc

it Hep \\. as reported as L-glycero-D-mannoheptose by His atsune at a1. (1980)
" XN \\ as partially identified as a terminal deox\. amino sugar. The molar \, alue \\. as estimated fron. the

color produced by galactosamine
" TVo peaks a and 10 in Fig. I
Abbreviations : Glc, glucose ; Gal, galactose ; Fuc, Iucose ; Ara, arabinose ; Hep, heptose ; GlcN glucosamine ;
GalN. galactosamine ; XN, the tinl<nown amino sugar
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Ara

1.3

0.9
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1.1
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0.7
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1.0



structure are still in progress.
Proton nuclear magnetic resonance spectra

were recorded in a Fourier transform (FT)
mode at 200 A, IHz (FT NA{R spectrometer
equipped witlT a superconducting magnet,
Varian XL 200). The sample at a concentra-
tion of 10 inglO. + n, I in D, O was placed in a
5.0 mm Ni\IR tube and measurements were

made at 20 C. Sodium 2 2-dimethy1-2-
silapentane-5-sulfonate was used as a reference
standard (a = 0.00). The Fourier transform
parameters used for recording the spectrum
arc indicated in each spectruiTT. For confirma-
tion of the prcscncc of an O-acet}, I group in
PS, alkaline methoxidc treatment in methanol

was undcrtaken to remove the O-acctyl group
SUIectively. PS (10 ing) was suspended in
5 in I of incthanol and mixed witl\ I in I of I A1
sodium methoxidc-methanol solution for 20 h

at TooltT temperature. insoluble material was
completely dissolved by adding H, 0, and then
sodiun\ 10n was removed with cation eXchange
resin (Amberlite IR-120, H form) and the
solution \\, as Iyophilized. A sample was then
di^^. Iv. d in D*0 (0.4 nit) and an biert, d to
PNA, IR spectroscopy. The PNA'JR spectra of
into. t PS and math, xid. -t". at. d PS (MPS) ar"
shown in Fig. 2. Because of the complex
structure of PS, Its full spectrum was not \\, ell
resolvcd and \\, as difficult to How-assign.

ever, the spectrum in the region from a=1.00
to a=2.10 was so fine and distinct, as shown
in Fig. 2, that its assignment was possible.
Tw. donbl"ts (a=1.20, I=6.0 H" and a=1.31,
I=4.8 Hz) \\, ere assigned to the proton of C-
CH, , tw. ^ingl. ts @=1.91 and a=2.04) to that
.f N-CoCH, , and ,ne ^ingl, t (a=2.09) to that
of O-CoCH, . Furthermore, the singnal of
O-CoCH3 was confirmed by comparing the
spectrum of intact PS witll that of Nips,
whose O-CoCH3 group was selectively rc-
moved. NIPS showed only one signal @ =
2.09) less than PS. The presence of C-CHa
and N-CoCH3 suggested that PS had a ter-
minal deo^, sugar and amino sugar. One of
the terminal deo^, sugars corresponds to L-
fucose, and another should correspond to the

unkno\\, n mentioned above.amino sugar

NIOreover, one of the amino sugars corresponds
to D-galactosamine and another to the un-
kno\\, n amino sugar, judging from the con-
stituent sugars of PS shown in Table I. From
a preliminary experiment on its PNA, IR spec-
troscopy, the unknown amino sugar was con-
cluded to be a terminal deo^, amino sugar.

Fortunately, \\, e could observe the signal of
O-CoCH, , indicating the presence of an O-
acet}, I group in PS. It is usually difficult to
detect an O-acetyl group, in an intact condi-
tion, be catise it is destroycd during chemical
analysis. Howcver, use of a 200 NTHZ PNMR
SPCctromcter made it possible to detect the
group by resolving the signal of O-CoCHa
from that of N-CoCH and by enhancing the
sensitivity of dctcction.

For determination of the
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FIGURE 2. NA, IR spectra of PS and NIPS at
200 itIHz. (A) spectrum of PS and (B) spectrum
of it, IPS (sodium methoxide treated PS) by the FT
nTode
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acetylated hydroxyl group, periodate oxidation
and enzymatic hydrolysis were applied to PS
and MPS. Periodate oxidation was carried

out under the conditions reported by Torii at
a1. (1976). Sugar analyst^ of th, perl. hat'
oxidation products showed that all the con-
stituent sugars were destroyed, except galactos-
amine and the unknown amino sugar. This
suggested that all the constituent neutral

involve a diol function, and thatsugars

galactosamine and the unknown amino sugar
residue are neither in a diol state nor locate

at the non-reducing end of PS.
The actions of ,r-L-fucosidase on PS and

ATPS were examined, because L-fucose is
reported usually to be located at the non-re-
ducing end of poll, saccharide and to be partial-
Iy acetylated in some other LPS's. A coin-
mencal specimen of reL-fucosidase obtained
from Chin. 0, lid laity@s (Seikagaku 1<0gyo Ltd. ,
Tokyo, Japan) was used without further PUTifi-

Samples were withdrawn at intervalscation.

during the enzymatic reaction of PS and MPS
in phosphate buffer pH 4.0, containing 0.5 N
NaCl at 25 C. The samples were developed
by paper chromatography on Toyo Roshi No.
SIA in pyridine: ethyl acetate: H20: acetic
add=5 ^ 5 ^ 3 ^ I 010, and than th, payer mm,
sprayed with silver nitrate-sodium hydroxide
re, g, nt (Tre, ,Iyan at a1. , 1950). Th, p^per
chromatogram (Fig. 3) of the reaction mixture
showed that L-fucose was released from Alps

but not from PS, indicating that L-fucose is
located at the non-reducing end and that some
of hydroxyl groups of the L-fucose residue are
acetylated. From the results of periodate
oxidation, the hydroxyl group at position C-2
or C-4 of L-fucose was concluded to be ace-

tylated, because the diol function of L-fucose
became available only when the hydroxyl
group at C-2 or C-4 was blocked.

Next, jinmunochemical experiments were
made to determine the role of the O-acetyl
group in the antigenic determinant. Anti-04
serum was obtained from rabbits jinmunized

with boiled cells of P. parrrhne, 1104^tz'CMs by the
method of Barrows' (1946). A precipitation-
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FIGURE 3. Paper chronTatogram of the products of
PS, NIPS and phenyl tt-L-fucoside on treatment
with it-L-fucosidase.

I : Phenyl ,I-L-fLicoside
1' : Phenyl n-L-fucoside plus enzyme
2: PS

2': PS plus enzyme
3 : NIPS

3': MPS plus enzyme
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3

inhibition experiment did not show a distinct
difference between PS and MPS (Fig. 4), in-
dicating, that the O-acetyl group has little
function in the antigenic determinant. A
previous paper (Torii and Igarashi, 1969)
showed that on treatment with alkali solution

the precipitin lines of all O-antigens changed,
and this change was suggested to be produced
by cleavage of an ester linkage andjor sub-
sequent structural change of the antigenic
molecule. From this and the present results,
it seems likely that the contribution of the O-
acetyl group in PS to binding to anti-04

3 Fuc
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FIGURE +. Inhibitions b\, pS and Nips of 04-anti

O+ precipitation. 40 111 of 04-antiserum (85V) and
10 I, g of 04-LPS WEre used. PS (0---0), MPS
(.--.)

antibody, is smaller than that of other deter-
minant groups of PS, because no structural
changes other than removal of thc O-acetyl
group in the antigenic molecule should occur
under the present conditions, although in the
previous experiment the more drastic condi-
tions probably resulted in many structural

changes in the antigenic molecule.
As concluded from the experiments de-

scribed above, the O-acetyl group of L-Iucose
of 04-LPS was fortunately detected by
200 A'IHZ NAJR spectroscopy, the O-acetyla-
tion was shown to occur at the C-2 or C-4

position of the non-reducing terminal L-
fucose, and the O-acetyl group did not seem
to contribute to binding of PS with antibody.
A10re sensitive and precise experiments are

required to determine the role of the O-acetyl
group in the antigenic specificity. Structural
studies on the determinant group of PS are in
progress.
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