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The results obtained in this laboratory and others about the type of sialic acids
contained in materials from the animal kingdom (mammals, birds,- fishes and echino­
derms), alga and bacteria, are summarized and distributed according to their source.

It may be deduced that sialic acids are widely distributed in Nature. The same sialic
acid can be found in very different species, although not at the same concentration.

In contrast, in very close species (from a taxonomic point of view) the type and
concentration of their sialic acids may be different for the same material (generally,
serum).

Our results with some vegetal materials (kidney beans, pea seeds, lentils, sweet
almonds, orange seeds and peels, and green peppers) giving a positive thiobarbituric acid
reaction and identical color in some cases to that obtained with the acylneuraminic
acids, do not permit to admit the occurrence of sialic acids in these materials.

It is not possible to find a correlation between the occurrence and concentration of
N-glycolylneuraminic acid and acetylneuraminic acids in different taxonomic groups
of the most evolved beings.

The neuraminic acid (a molecule not
found in Nature) may be regarded as a
condensation product of 2-amino-2-deoxy-
D-mannose (mannosamine) with pyruvic
acid. It is known that the acylneuraminic
(or sialic) acids are essentially the mono, 
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di, tri or tetra acetyl or the glycolyl deri­
vatives of the neuraminic acid.

The triyial name of the main naturally
occurring sialic acids are (54): N-Acetyl-
neuraminic acid (NANA): N-acetyl-4-O-
acetylneuraminic acid; N-acetyl-7-O-ace-
tyl-neuraminic acid; N-acetyl-8-O-acetyl-
neuraminic acid; N-acetyl-7,8-di-O-ace­
tylneuraminic acid; N-glycolylneuraminic
acid (NGNA). The structure of other sialic
acids (N-acetyl-4,x-di-O-acetylneuraminic
acid and N-acetyl-x.y.z-tri-O-acetylneura-
minic acid) has not been well established 
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still. Other forms of sialic acids, such as
N-g!ycolyl -4(?) -O - acetylneuraminic acid,
N-glycolyl-8-O-methylneuraminic acid and
others (see next Tables), have been found
in a few materials. Finally, the colominic
acid — a polymer of NANA (82, 99) —
has been detected in some bacteria.

In a survey on the acylneuraminic acids,
the following steps can be considered:
A) Discovery. B) Knowledge of their che­
mical structure. C) Adaptation of methods
for their identification and easy quantita­
tive determination. D) Study of their dis­
tribution in Nature. E) Study of their me­
tabolism. F) Progress in the knowledge
on their biological significance. (The pre­
sent work concerns only with point D.)

The occurrence of sialic acid in various
materials has been the object of several
publications. The results up to 1960 (con­
cerning only with mammals) have been
summarized by Gottschalk (53). Later,
Warren (128) has detected and determin­
ed the sialic acid of many species not
previously studied. At the present time
there are numerous data on the concen­
trations of sialic acids. Yet, their type in
several materials remains often unesta­
blished. It seems that a summary of the
results up to date is lacking. The present
paper summarizes our own results on the
type of the acylneuraminic acids and those
of other authors (when they indicate such
type), but it does not pretend to be ex­
haustive.

Materials and Methods

Samples, from the sources indicated in
the following Tables, have been studied
for detection and identification of sialic
acid by the quoted authors.

The following materials have been in­
vestigated in our laboratory: Tears, urine,
colostrum, milk, bile, serum and saliva
from the human specie; colostrum, milk
and dairy products from cows; colostrum,
milk, serum, erythrocyte and liver from
goats; platelets from the equine (horse, 

donkey and mule), ovine, porcine and bo­
vine species; leucocites from horse, mules,
donkey and pig; eggs and liver from three
fish species. Some vegetal materials were
also studied (kidney beans, pea seeds, len­
tils, sweet almonds, orange seeds and peels,
and green peppers), but with a negative
result.

For the separation and purification of
the acylneuraminic acids, we have em­
ployed the method of Klenk - Uhlen-
bruck (86), as described in a previous pa­
per (48). The assays of sialic acid have
been carried out with paper chromatogra­
phy and colorimetric procedures as report­
ed in other publication (16, 48). The
modified Ehrlich spray (9) was generally
used for staining chromatograms; quanti­
tative determinations were always perform­
ed by the resorcinol modified procedure
(103, 116) and the thiobarbituric acid me­
thod (3, 124); in some cases, the Eeegriwe
test was used to determine NGNA (86).

Results

Next Tables show the data on the type
of the acylneuraminic acids from animals,
alga and bacteria, ranged by species (see
Tables).

Another problem which has called the
attention of several authors is the follow­
ing: Do the acylneuraminic acids exist in
the vegetal kingdom?

In 1964, Mayer et al. (98) reported the
occurrence of a «sialic acid» (not struc­
turally characterized to the present time)
in soybeans and alfalfa. Later, other
authors (106, 112) have also reported nu­
merous other plant material which, they
say, contain sialic acids.

From 1964, our assays (20, 23) with
several fractions of kidney beans seeds
gave a very intense thiobarbituric reaction
by the procedures of Warren (124) and
Aminoff (3) and the absorption spectra
was identical to that of NANA. Another
sensible and specific reactions such as the
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resorcinol-butyl acetate, Ehrlich (direct),
orcinol (Bial) and that of Hestrin for
O-acetyl-groups gave no result. By paper
chromatography one spot was obtained,
of Rr near to that of NANA, and the ty­
pical color was produced with the thio­
barbituric acid, but not with the other
sprays. Almost the same happened with
the products isolated from lentils and
sweet almonds, although the thiobarbitu­
ric acid reaction gave less intensive color.
The purified product isolated from the
testas of pea seeds was also assayed (23);
but similarly to what occurred with other
vegetal materials recently studied by us
(such as orange seeds and peels) the
Ehrlich, Bial and resorcinol reactions gave
a negative result, although assays with
the thiobarbituric acid resulted to be
generally identical to those obtained with
NANA. We also deduced from the test
with neuraminaldolase that the problem
product was not an acylneuraminic acid,
but probably a very similar or related
substance (23).

Discussion

Very often the comparison between the
results obtained by several authors is dif­
ficult, because the methods employed for
the identification of sialic acids have been
different. Or, several reactions have been
adapted to the determination of sialic
acids (orcinol, resorcinol, thiobarbituric
and p-dimethylaminobenzaldehide), but
none of these reactions is specific. Two
or three of these reactions, after purifica­
tion or isolation of the sialic acids, should
be employed before certifying that sialic
acid has been found in a new material.

Besides, a more rigourous comparison
should be made not on the whole sample
(as serum, for example) but on the macro­
molecule in which sialic acids are gene­
rally bound; yet, the isolation of such ma­
cromolecules has been achieved in a few
cases only.

With regard to the general occurrence

of the acylneuraminic acids in Nature,
Warren’s (128) study permits to deduce
that these acids are scarcely and irregu­
larly present in beings of a not very high
degree of specialization and, exceptio­
nally, in bacteria; when the evolution pro­
cess is more advanced, they can be found
in a constant manner from the echinoder­
ma to the vertebrates.

In connection with the problem of the
possible occurrence of sialic acid in higher
plants, it must be outlined that the results
published are generally based on the deter­
mination by the thiobarbituric acid me­
thod, but no isolation or crystallization
has been reported to the present time.
Even their characterization has not been
confirmed. Taking into consideration the
lack of specificity for sialic acids of the
thiobarbituric reaction, it seems that much
attention must be paid before certifying
the general existence of acylneuraminic
acids in higher plant. Our negative results
agree with those obtained by Warren
(128). Later, Gielen (51) reported also
that bananas and soybeans gave a positive
thiobarbituric acid reaction, but no reac­
tion was obtained with the Bial’s reagent
(in its adaptation for sialic acids), and he
suggests that these materials contain one
2-ceto-3-deoxialdonic acid.

Finally, data of Tables show that it
is not possible to find a correlation bet­
ween the- occurrence and concentration
of NGNA and acetylneuraminic acids
in different groups of the most evolved
beings. Thus, in materials from very
far taxonomous groups, such as human
beings, submaxillary ovine mucins, sea
lamprey and other fish eggs and in some
bacteria, only the acetyl derivative is prac­
tically found; in contrast, in other mate­
rials such as pig submaxillary mucin, it is
mainly NGNA; and finally, in the other
products of animal origin there are NGNA
and acetylneuraminic acids in relative con­
centrations of wide variability. If one takes
into consideration the fact that the biosyn­
thesis of the same acylneuraminic acid,
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NANA, is different for bacteria and for
mammals (127), and the irregular distri­
bution of NGNA, it is possible to think
of a polyphiletic origin of the acylneura­
minic acids. Cohen (35) has suggested
that the presence of sialic acid in proca­
ryotic (bacteria) and eucaryotic cells seems
to reflect a convergent evolutionary me­
chanism to form a single substance by dif­
ferent paths.

Resumen

Se reunen los datos, obtenidos por este De-
partamento y por otros autores, acerca de la
naturaleza de los &cidos siilicos o acilneurami-
nicos contenidos en materiales procedentes del
reino animal (mamiferos, aves, peces y equino-
dermos), una alga y algunas bacterias, inten-
tando hacer una revision (no exhaustiva) que
facilite el conocimiento de la distribution de
dichos &tidos en los distintos materiales agru-
pados por especies.

Puede deducirse que los Stidos si&licos se
hallan ampliamente distribuidos en la Natura­
leza. El mismo &cido si&lico (generalmente el
&cido N-acetilneuraminico) se encuentra en es­
pecies muy alejadas desde el punto de vista
taxonomico, pudiendo ser su concentration bas-
tante diferente de unas a otras especies anima­
tes. En cambio, distintos &cidos sialicos (y a
concentraciones diferentes) pueden hallarse en
un mismo material, como el suero sanguineo,
de especies muy proximas entre si, en el caso
de los mamiferos por lo menos.

Desde 1964, nuestros resultados relatives a la
eventual existencia de ticidos sifilicos en mate-
riales procedentes de plantas superiores (distin-
tas partes de judias, lentejas, pimientos verdes,
almendras y naranjas) indican que el producto
que da positiva la reaction del Acido tiobarbi-
turico no corrcsponde a los ticidos si&licos.

No es posible encontrar una correlaci6n en­
tre la existencia y/o concentration del 4cido
N-glicolilneuraminico y la concentration del
ficido N-acetilneuraminico en los distintos gru-
pos taxonomicos de los seres mas evolucio-
na'dos.
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