DETERMINATION OF HEPTOSES IN BACTERIAL LIPOPOLYSACCHARIDES

T. I. Burtseva and Yu, S. Ovodov UDC 543.42,062,8

A method is proposed for the quantitative determination of heptoses in polysac-
charide preparations of bacterial origin which eliminates the influence of all
the other components present in the mixture on the results of the analysis. The
method described is distinguished by high specificity, sensitivity, and repro-
ducibility of the results, and also by simplicity of determination. It provides
the possibility of determining low concentrations of heptoses in the presence of
predominating amounts of other components. The standard deviation does not ex-
ceed 3,57,

Higher monosaccharides, especially heptoses, have been detected in a whole series of
biological materials [1]. They play an important role in various biochemical transforma-
tions {2]. Heptoses form components of the lipopolysaccharides (LPSs) of Gram-negative
bacteria that determine the immunological specificity of the bacterial cell [3]. Conse-
quently, the quantitative determination of heptoses, like that of other components present
in LPSs, is an important, even if difficult, problem in chemical and immunochemical in-
vestigations.

Existing methods for the quantitative determination of heptoses are extremely imperfect.
Dische's method [4] and a modification of it [5] have come into wide use, but they have
proved inadequately specific and are unsuitable for the determination of heptoses in complex
polysaccharide preparations of bacterial origin,

At the present time, Sinilova's method [6] is frequently used for determining heptoses
in bacterial LPSs. According to this method, a heptose possesses a characteristic peak with
a maximum at 395 nm. The method best fulfills the task set, but, unfortunately, it is not
free from a number of defects. In the words of the author, it is not suitable for the analy-
sis of preparations containing, together with a small amount of heptose, a predominating

TABLE 1, Influence of Potential Components of Mixtures Being
Investigated on the Results of the Determination of Heptoses

Addedto | Optical density, nm Found: C, pg of heptose

Main components of  |the gluco -
. : ccordraccord-{according to the
the reaction mixture heptose, 395 430 470 l395—470 j_ng to j_\:lg o Jmodiﬁcaction de-
C, g Dischel Sinilovascribed
Glucoheptose 51,00 | G,9371 0,100] 0,050 0,837| 51,80} 51,05 {50,98 ,
Glucose 201,25 | 0,940; 0,105} 0,045 0,835| 63,52} 50,93 51,14
Arabinose 188,75 1 0,935! 0,1001 0,050 0,835 65,20 50,93 150,87
(Mannose 195,35 | 0,937; 0,097| 0,048! 0,810} 72,80| 51,24 50,98
2 | Xylose 200,01 0,935| 0,038] 0.055 0.837] 58,93| 51,05 |50.87
6 Fucose 175,80 | 0,935 0,100 0,040{ 0.835| 61,35 50 93 150,87
7 | Galactose 187,95 | 0,938| 0,101} 0,050] 0,837 72.32| 51.05 51,03
@1 N-Acetyl-D-giu-
2| cosamine 197.85 | 0,935} 0,097} 0,045 0 838| 58,30} 51,11 50,87
=3 Glucosamine »HCl 193,27 | 0,940 0.105) 0,040] 0,835] 55,30] 50,93 51,14
[¢]
r‘% Galacturonic acid 205,32 0,939} 0.103! 0,050 0.836! 57,30] 50,99 151,09
% Albumin 198,98 $,9351 0,100! 0,045} 0,835 63,80} 50.93 {50 87
~ | Lipid A 150,10 | 0,940 0,100] 0,045} 0.840f 53,532| 51,14 51,14
fep]
3; 2-Keto~3-deoxy~D~ .
P mannooctonic acid | 105,30 | 0,937 0.099; 0,050, 0,838) 59,83| 51,11 |50.98
3 | DNA 50,75 1,095! 0,160} 0,300} 0,935 60,73 57,03 150.87
+ | 2-Deoxyribose 50,025 1,143) 0,205] 0,470} 0,940: 67,87] 57,34 |51 ,14
" {DNA + 2-deozyribose | 50,75+
: 50,025 | 1,023 0,270, 0,600} 0.935} 77.15) 57.03 150,87

Pacific Ocean Institute of Bioorganic Chemistry, Far Eastern Scientific Center, Academy
of Sciences of the USSR, Vladivostok. Translated from Khimiya Prirodnykh Soedinenii, No. 2,
pp. 159-163, March-April, 1982. Original article submitted June 19, 1981.

144 0009-3130/82/1802-0144507.50 © 1983 Plenum Publishing Corporation



N ') T

T T i T 1

B0~ 240, 43 470

s A, nm

Fig., 1. Absorption spectra for glucoheptose and
for various components of bacterial LPSs and their
mixtures in 0.1 ml of solution obtained by Sini-
lova's analytical procedure [6]: 1) glucoheptose
(51 ug); 2) 2-deoxyribose (50 ug); 3) DNA (50.75
ug): 4) glucoheptose + DNA (51 + 50.75 pg); 5)
glucoheptose + 2-deoxyribose (51 + 50 ug); 6) glu-
coheptose + DNA + 2-deoxyribose (51 + 50.75 + 50
ug); 7) glucose, arabinose, mannose, xylose, fucose,
galactose, N-acetyl-D-glucosamine, glucosamine«
HCl, galacturonic acid, albumin, lipid A, and 2-
keto-3~-deoxo~-D-mannooctonic acid in concentrations
of 2 mg/ml.

amount of deoxyribose and other monosaccharides,

We propose to introduce into Sinilova's method [6] corrections to the calculations the
essence of which is that the concentration of heptoses is found from the difference in the
values of the optical densities at 395 and 430 nm when interfering components are present in
the mixture but the value of the optical demsity at 395 nm is used when such components are
absent. The presence or absence of interfering factors is shown by the absorption at 470 nm.
Such an approach provides the possibility of eliminating the difficulties mentioned in the
application of the method to bacterial LPSs.

According to Sinilova's method [6], in calculating the concentration of heptoses the
difference in the values of the optical densities at 395 and 430 nm is used in all cases.

Since we have applied Sinilova's method of determining heptoses [6] to LPSs and LPS-
protein complexes (LPSPs) of Gram-negative bacteria, we have ascertained, in the first place,
the influence of the components usually present in these materials. It has been found that
neutral monosaccharides and uronic acids, and also proteins, fats, and 2-keto-3-deoxyaldonic
acids do not, under the conditions of the proposed procedure and when they are present in
concentrations of up to 2 mg/ml, form colored compounds (Fig. 1) and do not inhibit the de-
velopment of the coloration formed by a heptose (Table 1). A substantial error in the results
of the analysis can be caused by the presence in the mixture of even small amounts of 2-
deoxyribose and DNA, although the absorption spectrum of the colored derivatives formed by
them (hpax 470 nm) differs from the analogous spectrum for heptoses (Fig. 1).

If the solution under investigation does not contain components interfering with the
determination, its spectrum consists of a single peak, while when interfering components are
present (in the present case, DNA and 2-deoxyribose), the spectrum has the form of a curve
with two peaks (ipax 395 and 470 nm) (see Fig, 1). The error in the determination im the
latter case is due to the appearance in the spectrum of an additional background which is
observed at 430 nm.

In this connection, we consider it necessary: 1) to construct a calibration graph from
solutions of pure heptose, measuring the optical density at 395 nm; and 2) in the analysis
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Fig. 2, Calibration curve for the
determination of heptoses.
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of solutions under investigation with an unknown composition to decide whether interfering
components are present or absent. For this purpose, after the performance of the main ana-
lytical reaction the optical densities of the solutions under investigation must be measured
at 395 and 470 nm, and the level of the background at 430 nm formed through the interfering
components must also be determined (see Fig. 1 and Table 1), If it is found that D,,o >
Duso, the solution contains components interfering with the determination. Then in calculat-
ing the concentration of heptoses the value D = Dsgs — Duse must be used to exclude the in~
fluence of the interfering factors on the results of the detemmination. If D,,o 5= Dusos
the value of the optical density at 395 nm must be used to calculate the concentration of
heptoses in the systems under investigation, since in this case the impurities present in
the solution have no influence on the results of the determination.

The method has been applied to the analysis of individual substances and standard mix-
tures containing definite amounts of glucoheptose, DNA, and 2-deoxyribose (see Table 1), and
also to the analysis of various preparations of bacterial origin (Table 2).

As can be seen from Tables 1 and 2, the procedure described excludes the influence on
the results of the determination of all the components present in the mixture, while Dische's
method gives a positive result with almost all the components of the mixture and Sinilova's
method [6] gives high results when DNA and 2-deoxyribose are present in the mixture.

Thus, the method described for determining heptoses is highly specific and provides the
possibility of determining low concentrations of heptoses when overwhelming amounts of other
components are present.

It has been found experimentally that 1 ug of glucoheptose corresponds to an optical
density of 0.018, The molar absorption coefficient is 2-10“. The standard deviation cal-
culated in each case for ten determinations does not exceed 3,5%. The minimum amount of hep~
toses determinable by the proposed procedure, determined by Blank's method [7] is 0.5 ug,
which shows the fairly high sensitivity of the procedure. The upper limit of semsitivity
due to the increase in the error of the measurements themselves at D >.1.0 is 50 g.

’

EXPERIMENTAL

The investigations were performed on LPS preparations isolated from the microbe Yersinia
pseudotuberculosis serotype 1B (LPSP,p, LSP,p, PSip) and of serotype IV (LPSt1y). In addi~
tion we have available a preparation of the blue-green alga Spirulinag platensis (LPgp). The
LPS preparatiocns were used without additional purification; before analysis they were dried
toconstant weight in vacuum with phosphorus pentoxide at 50°C. A standard sample of o-D-
glucoheptose was recyystallized from water and was then found to have a melting point of
210°C and an optical rotation of [a]%o —25° (¢ 23 water). These characteristics correspond
to those given in the literature [8].

Procedure, To 0,1 ml of a solution under investigation was added 4,9 ml of concentrated
sulfuric acid (ch.d.a. ["pure foranalysis'], d 1.83) that had previously been cooled to 3-4°C.
The mixture was carefully stirred with the avoidance of splashing and was heated in the boil-
ing water bath for four minutes; then it was cooled and the optical densities were measured
on a SF-26 spectrophotometer (I 1 cm) at wavelengths of 395, 430, and 470 nm., The amount of
heptoses in the sample analyzed was calculated from a previously plotted calibration curve
for which standard solutions of. a-D-gluccheptdse with concentrations of from 1 to 50 ug in
0.1 ml were used, The optical densities of the calibration solutions were measured at 395 nm.
The calibration curve is shown in Fig. 2. :
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TABLE 2. Determination of
Heptoses in Bacterial LPS
Preparations by Various

Methods
Found, % of heptoses
Prepara- ad v Py
ion in- - = ce
uoxy—n cord- jcord~ |to the m%di-
VeSUT ling to|ing toification
gated DischgSilil- | jaseribed
ova
LPSPy 14,87 1,23 111
LPS, 8521238 2,12
PSip 4561081 071
LPSIV 5,77 1 1,96 1.75
LPSSp 3,811 0.28 025

*See the Experimental part.

CONCLUSION

1. A method is proposed for the quantitative determination of heptoses in polysaccharide
preparations of bacterial origin which excludes the influence of all the other components
present in the mixXture from the results of the amnalysis.

2. The procedure described is distinguished by high specificity, sensitivity, and repro-
ducibiiity of the results, and also by simplicity of the determination.
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