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Calculation of the Nearest-
neighbour Frequencies in Frag-
ments of Alginate from the Yields
of Free Monomers after Partial
Hydrolysis

BJORN LARSEN, OLAV SMIDSR®D,
TERENCE PAINTER and ARNE HAUG

Norwegian Institute of Seaweed Research,
N.T.H., Trondheim, Norway

he chemical inhomogeneity of most

heteropolysaccharides and glycopro-
teins implies that, in general, a quantitative
description of the sequence of sugar resi-
dues and linkages in these materials can be
given only in statistical terms.!»? For linear
heteropolysaccharides, it may be expressed
as a series of conditional probabilities, or
near-neighbour frequencies.»® A first step
towards a total determination of sequence
consists in measurement of the nearest-
neighbour frequencies. Methods for doing
this have so far entailed measurement of
the total homopolymeric fraction,! and
studies of composition-distribution *~% and
molecular-weight distribution,® in partially
degraded materials.

This communication describes a method
that consists simply in the measurement of
the individual yields of the free monomers
after partial hydrolysis to a known degree
of scission. Like the other methods, it
requires that the kinetics of hydrolysis be
understood, and the present application
rests upon the finding’ that the acid-
hydrolysis of soluble fragments of alginic
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acid at 100° can be described, to a good
approximation, by two first-order rate-
constants, ky and kg. These represent the
rates at which the two types of monomeric
unit, D-mannuronic acid and L-guluronic
a.cid, respectively, are liberated as non-
reducing end-groups, and, at pH 2.8, the
ratio (ky/kg) is 4.3+0.3 (Ref. 7).

Theory. If a linear sequence of monosac-
charide residues, A, B, C, D, etc. is depoly-
merised until fractions « A> B, O¢, &p, efc. of
the respective monomers are exposed as a
specified kind of end-group (i.e. either
reducing or non-reducing), and if the rate of
cleavage of any linkage is independent of
the identity of the fragment in which it
occurs, then the original sequence can be
uniquely determined from the yields (Y4,
Y, Y, Yp,ete.) of thefreemonosaccharides
and the corresponding values of «, provided
that the latter are all different. For
example, if the values of « refer to reducing
end-groups, and C is the reducing terminal
unit, the tetrameric sequence B—A—D—C
would give Y s =«pap, Yg=ap, Ye=ap and
Yp=au0p, where these yields are expressed
as fractions of the amounts of A, B, C, and
D, respectively, in the substrate.

When the sequence contains two or more
linkages that are hydrolysed at identical
rates, or the substrate contains a mixture of
different sequences, the system becomes
“degenerate’”’, and a unique sequence can-
not be determined in this way. Nearest-
neighbour frequencies can still be calcu-
lated, however, and for relatively long
chains, in which end-group effects can be
neglected,® the calculation is particularly
simple.

For a binary linear copolymer, com-
posed of monomeric units M and G, whose
hydrolysis is described by two first-order
rate-constants as found for the fragments
of alginate,” the following relationships
hold good:1**

Yy = FMp(MM)]Jay?®+

(1= ™)1 = p(GG) layeor (1)
Yo = FM{1—p(MM)Jayor+
(1—F¥){p(GG) Jag? @)

FM = [1—p(GG)]/[2—p(GG) —p(MM)] (3)

where Yy and Y are the yields of mono-
meric M and G, respectively (calculated
as anhydrosugar, and expressed as &
fraction of the total weight of starting
material); FM is the mole fraction of M in
the starting material; and p(MM) and
p(GG) are nearest-neighbour frequencies,
defined 2% respectively as the fractions of
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the total M or G units having a similar
unit as a nearest neighbour in the starting-
material.

Although these relationships are strictly
valid only for infinitely long chains, they
hold good with high accuracy for substrates
having a number-average degree of poly-
merisation of about 20 (Ref. 6).

Experimental. The method was tested on
two acid-soluble fragments (X and Y) of
Laminaria digitata alginate, X being identical
with the material described as “preparation A’
in an earlier paper,® while Y was obtained by
further, mild acid-hydrolysis of X as described
previously.® Previous studies ® have indicated
that these materials possess a block type of
structure, in which virtually all the guluronic-
acid residues are present in sequences of
alternating guluronic- and mannuronic-acid
residues, while the excess of mannuronic-acid
residues (see F'M, Table 1) is present in homo-
polymeric sequences.

Partial hydrolysis, separation of the mono-
meric fraction by gel-permeation chromatog-
raphy, correction of the total yield of mono-
mers for losses occurring during hydrolysis, and
measurement of the overall degree of scission
() were carried out as described elsewhere.®
The ratio of the two hexuronic acids in the
monomeric fraction was then determined by
ion-exchange chromatography.® It was unnec-
essary to correct this ratio because, under the
conditions used for partial hydrolysis, the
rates of decomposition of the two monomers,
as determined from measurements of the
changes in reducing power and absorbance at
260 my (Ref. 7), were closely similar.

Results and discussion. Hydrolysis of X
and Y under the stated conditions for 25
and 8 h, respectively, afforded the data
summarized in Table 1. Two different sets
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of nearest-neighbour frequencies are shown
in each case, the first being calculated
from eqns. (1) and (3), and the second
from eqns. (2) and (3).

It is clearly impossible to have a negative
nearest-neighbour frequency, and for both
X and Y, the value of p(GG) must be
taken as zero within the limits of experi-
mental error. The higher values of p(MM)
found for X clearly reflect the larger
excess of mannuronic-acid residues in this
material.

The nearest-neighbour frequencies can
be used %* to calculate the number-average
sequence-lengths of the groups of contiguous
M and G units in the chains, and, when the
latter are small compared to the length of
the chains, as in the present case, they are
given to a good approximation by 1/
[1—p(MM)] and 1/[1—p(GG)], respectively.

The results are thus seen to be in
excellent agreement with the evidence ob-
tained earlier, that these acid-soluble frag-
ments of alginate contain a high proportion
of alternating mannuronic- and guluronic-
acid residues. In particular, the results for
fragment Y agree well with the values of
p(MM) and p(GG), 0.167 and zero respec-
tively, obtained earlier, with essentially
identical material, from the molecular-
weight distribution of a partial hy-
drolysate.®

The present method thus provides a
further example of how, once the kinetics
of hydrolysis of a heteropolysaccharide are
understood, valuable structural informa-
tion can be obtained from measurements of
the simplest kind. As pointed out previ-
ously,® this information is of a different
kind from that accessible through the quali-
tative identification of oligomeric frag-
ments, because it provides a quantitative
picture of the whole macromolecule.

Table 1.
Fragment ™ o oy ag® Yy  Yg p(MM) p(GG)
X 0.620 0.776 0.942 0.510 0.392 0.184 0.373, 0.377° —0.024,% 0.016¢
Y 0.656 0.520 0.728 0.261 0.137 0.084 0.164,> 0.216° —0.043,2 0.022¢

4 Calculated from « and the ky/kg ratio (4.30).

b Calculated from eqns. (1) and (3).
¢ Calculated from eqns. (2) and (3).
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It must be recognised, however, that the
kinetics of acid-hydrolysis of these frag-
ments of alginate are probably excep-
tionally simple in requiring only two rate-
constants for their description, a fact which
may be connected with their intramolec-
ular, autocatalytic mechanism of hydrol-
ysis.” In general, significant differences can
be expected between the rates of hydrolysis
of internal and terminal linkages in the
chains,® and in some cases the rate of
hydrolysis of a given linkage may also
depend upon the identities of both the
units that it adjoins.

Work is in progress on an expanded theo-
retical treatment which takes account of such
differences, and which should extend the
possible range of materials to which the method
can be applied.
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Isolation of *2P-Labelled
Phosphorylthreonine from
Ehrlich Mouse-ascites Tumour
Cells Suspended in an Isotonic
Medium Containing 3?P.-Labelled
Adenosine Triphosphate

G. RONQUIST and G. AGREN

Institute of Medical Chemistry, University
of Uppsala, Box 551, S-75122 Uppsala 1,
Sweden

It was reported in a previous paper?!
that intact Ehrlich tumour ascites cells
are capable of forming extracellular ATP
in an isotonic medium containing the
necessary substrates and cofactors. This
supports the view that the enzymes con-
cerned are located at the surface of the
cells. The newly formed ATP cannot pene-
trate into the interior of the cells.! During
efforts to find out possible functions for
the de novo formed ATP in enzyme reac-
tions at the cell surface, [3*P]phosphoryl-
serine was isolated from the tumour cells.?
Maximum labelling of phosphorylserine
took place after relatively short incuba-
tion times. It is well known that the serine
residue of the active center of several
enzymes can be phosphorylated.® It has
also been possible to isolate phosphoryl-
serine from such enzymes.?

The present paper describes the isola-
tion of phosphorylthreonine from Ehrlich
tumour ascites cells incubated with [y*2P]
ATP under similar conditions. The details
of the incubation procedure have been
described previously.l»®* The acid hydro-
lysate of the cells was chromatographed
on a Dowex 50 column.t A labelled peak
was observed in the expected position for
phosphorylthreonine.®® This labelled frac-
tion was further purified by a second
chromatography on Dowex 50. Fig. 1
illustrates the parallelism between the
radioactivity and the ninhydrin reaction
from a typical experiment. Further identi-
fication was obtained by high voltage
paper electrophoresis using 0.1 N pyridine-
acetic acid buffer as solvent, pH 5.0.
A radioautogram was made of the electro-
pherogram. As is seen from Fig. 2 one
single ninhydrin spot was found on the
electropherogram which had the same
location as the radioactive spot.
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