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Stable Dextrins and the Constitution of Starch.

By Karl Myrbick, Stoekholm.

WO fundamentally dilferent theories have
been advanced to explain the chenieal
constitution of stareh. One of them consi-
ders starch as built up of low-molecular units
joined together by forees other than normal
valenecies to < micelles 7 the size of which
accounts for the conspicuous characteristics
of starch.! According to the other theory
starch 18 a macromolecular substance in
which the units that determine colloidal and
other properties are in fact the truec mole-
cules.

Some years ago, the first theory was pre-
dominant in spite of a pronounced resistance
from certain investigators (Staudinger), but
to-day it is practically abandonced. 1t might
be said that several of the methods once
used to demonstrate the existence of thoe
small fundamental uunits cannot be regarded
as conclusive, and most investigators agree
that starch is a truec macromolecular sub-
stance, the molecules of which are composed
of a great number of hexoses united to
chains of some sort. A corresponding theory
is applicable to cellulose which, as a matter
of fact, seems to be less complicated in
chemical nature than starch.

The fact that starch may be in different
wayy rather completely converted into mal-
tose led to the opinion that starch 1s in
principle built up of maltose molecules.
ITaworth looks upon the starch molecule as
a chain of glucose molecules linked together
by glucosidic bonds, exclusively.? Much evi-
dence is in agreement with this view, never-
theless various experimental results are
suggestive of the belief that the molecules
of native starch are congtituted according
to a more complicated scheme. The ftri-
methyl starch, for ingtance, yields on acid
hydrolysis muech more tetramethyl glucose
than could be expected from the probable
molecular weight as caleulated on the assump-
tion of simple chains.® Jurther are to be
quoted the inveatigations of Staudinger who

L Karrev, Polymere Kohlehydrote, Leiprig, 1925.
2 Haworth, The Crustitution of Swgars, London, 1929,

i Haworth, Chem. Seoc., 1935, 1201, 1214, 1299,
Staudinger aud Eilers, Bes., 1936, 69, 826.

has drawn the conelnsion that the mole-
cules of starch are branched chains.?

It is the author’s opinion that the relation
of starch to the starch-gplitting enzymes 18
of the greatest importance for the clear
understanding of its congtitution. The chiet
product of the enzymatic deeradation of
starch 18 invariably maltose., In some
cases, maltose might be the only product.
It is, however, mostly accompanied by
larger or smaller gunantities of so-called
stable dextring (limut dextring) which are
not or in any case, only extremely slowly
attacked by the enzyme in question,  These
stable dextring have a higher molecular
weight and a lower reducing power than
maltose,

Some fractions or trangformation produchs
from native starch yield, when acted upon
by certain amylases, nearly 1009 of maltose.
It might not be unnecessary to emphasise
that the very probable presence of maltase
in the enzyme proparations must be most
carefully taken into account in all defier-
minations of this kind. Among the break-
down products of native starch and solubla
starch we have alwavs hecen able to 1golate
dextrins, ecven after prolonged action of the
enzyme. Contrary to certain investigators
we never ifound complete decomposition to
maltoge of, say, potato starch by taka dia-
stase. We could, in faet, always obtain
considerable amounts of dextring having
a much higher molecalar weight than mal-
tose, although these dextring as well give
perfectly clear watery solutions of low vis-
cosity.

The fact that certain fractions of starch
give nearly 100% of maltose, is in  the
writer’s opinion in favour of the idea that
the stable dextring are true residues from
the partly decomposed starch molecules.
Of course, the possibility must also be con-
sidered that the stable dextring might be
secondary products, formed through (per-
haps spontancous) umion of primary products
of lower molecular weight. This posgibility
cannot be dismissed without further notice,

¥ Staudinger and Husemann, ., 1037, 527, 105,
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all the more as certain investigators have
assumed that even maltose 18 a secondary
product, formed in this way. Many Iacts
arc, however, not in accordance with this
hypothesis. Tor instance, it should be ant:-
cipated that the quantity and the natare of
the dextrins must vary strongly with the
velocity of the enzyme action. This 1s,
however, not the case. Pringsheim,® main-
taining the view that dextring as well as
maltose are secondary products, advances the
argument, that identical dextrins always arc
formaed by the amylages. This is not correct.
Pringsheim scems to assume the existence of
only two stable dextrins, di- and tri-hexo-
sans, Lhe former derived from amylose, the
Jatter from amylopectin. Apart from the
fact that Pringsheim wholly disregards the
phosphorus content of starch and also other
similar conditions, it must be emphasiged
that the stable dextrins always have a mole-
cular weight rather higher than that of the
above-mentioned suobstances. As a matter
of fact, no dextrin so far isolated has a mole-
cular waighs lower than about 600. Fuarthex-
more, the nature of the stable dextring
varies strongly with the type of starch and
enzyme used. All dextrius isolated by us
also have a distinet reducing power roughly
corresponding to one aldehyde group per
molecule,

Many facts are in keeping with the view
of Staudinger that native starches are com-
posed of a great number of “ polymer homo-
logues . This alone renders it probable
that most preparations of stable dextrins
accordinely should be mixtures ol dextring
differing in molecular weight and other
qualitics. The action of normal amylases
congists, in the anthor’s opinion, in the split-
ting off of maltose molecules from simyple
chains of ¢lucose molecules, united by normal
a-glucosidic bonds, f.e., from chaing possess-
ing the Haworth formula. Ior instance,
T assume that the B-amylase from plant
material  (ungerminated barley)  atbacks
starch in thoe following way. Starting from
the free ends of the chains or branches of
chains the cnzyme progressively sets free
maltose molecules until 16 reaches some part
of the molecule, differing in structure from
the formula of Haworth. Starch is in the
muain constituted aecording to this formula,
but at certain intervals there are i the

L

5 Pringsheim, Polysaccharide, Berlin, 1931,
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chains anomalies of one kind or other. The
B-amylase consumes the chains, until suel
an anomaly puts a stop to its action. (Possi-
bly the action cecases at a certain distance
from the anomalics, the length of which
depends on the type of the enzyme uzed,)
In my opinion the fundamental difference
between amylases 1s aseribable fo the follow-
ing condition. Some amvlases as for in-
stance barley fF-amylase attacks starel
cxclusively from the free ends of the chains
whereas others, such as malt amylase ang
taka diastase, have m addition the capaeity
of breaking the chains between the men-
tioned anomalies. Such circumstances are
in my opinion, the cause of the striking diflor-
ence in the action of the so-called B- ang
a-amylases.

I have been led to this idea through
studies on the action of the enzvmes
on starches of different origin but above al]
through the investigation of the stable dex-
brins formed. JIrom what has already beey
sald we are able to draw thie very significant
conclusion that during the action of {he
amylases on starch the less interesting parts
of the molecules are first split off with the
formation of maltose, whereas those details
of the molecules diverging in some way
from the flaworth formula remain unaltered.
Thus, m the stable dextrins, the mentioned
anomalies of the starch molecule will appear
say 510 times more [requently than in the
starch 1tself. Owing to thé great mass of
“ polymaltose 7 present, an investigation of
thiec native starch may, in many cases, hard
ly lead to the detection of the anomalie,
In a corresponding study ol the stable dex-
tring, however, it 18 guite conceivable tha
the " abnormal 7 gtructures may be brough
to daylight. When converting starch info
stable dextring woe concentrate the interest.
g parts of the starch molecule up to tw
times, somoetimes possibly more.

The question 18 now : what anomalies e
appear in the starch molceeules?

1. Toreign elements or groups of atoms
(non-carbohydrate constituents), above dll
phosphoric acid, butl to a smaller degree al
fatty acids and possibly other groupieg.
Amylases, free from phosphatases and othe
specific enzymes, do not liberate these foreie
croups. A phosphoric acid group in a chan
puts an end to the action of the amylae
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It might also be possible, that starch mole-
cules, containing phosphoric acid, are not
attacked by certain amylases at all. But in
many instances we have been able to isolate
stable dextrins of a very low molecular
weight, possessing o0 much phosphoric acid
a8 t0 Justily the conclusion that the phospho-
rus-containing molecules of starch are, in
a large measure, decomposed by the enzyme,
leaving the phosphoric acid in the stable
dextrins. A rather remots possibility 18 that
the phosphorie acid 1tself does not prevent
the amylase action but that it always appears
in connection with some other anomaly in
the constitution of the molecule.

2. BSugars other than glucose. Iiven in
stable dexfrins having a molecnlar weight
corresponding to only 6 hexose molecules
we have not been able to trace any other
hexose than glucose.

3. Types of linkages between glucose
molecules other than the typical maltose
linkage. Two different types are concerv-
able : (o) Each g¢lucose molecule is bound
only to one or two others but the carbon
atom No, 1 in the first one i3 linked to
a carbon atem other than No. 4 1 the
second, presumably to Nos. 3 or 6. The
chaing are simple without brancha2g. (b)
Certain glucose molecules are attached to
more than two others, t.e., the chamns are
branched. This corresponds to the hypo-
thesis of Staudinger, arrived at through
determinations of viscosity. Certain glucose
molecules have not only the carbon atorns
Nos. 1 and 4 but also Nos. 2 or 3 or 6 or
possibly more of them occupied by other
glucose molecules.

4. Whether the chains have branches—
“ gide-chains —or not, it is possible that
in certain glucose molecules the oxygen-
bridge is differently situated than in normal
alucose.

Moreover, it seems highly probable that
in starch more of these types of anomalies
may occur simultaneounsly, so that in a pre-
paration of stable dextrin produced enzyma-
tically from a certain starch preparation
different molecules may be formed for differ-
ent reasons. This precludes the possibility
that the stable dextrin formed from any
native starch might be homogeneous, especi-
ally when realising that all native starches
and all artificially produced types of starches

2

Myrback : Stable Dextrins and the Constitution of Starch

49

are themselves non-homogeneous. As a
matter of fact, different molecules have not
the same size and furthermore the constitu-
tional anomalies are presumably not evenly
distributed between all molecules and not
situated similarly in different molecules.
Accordingly, factors determining the nature
of the stable dextrins are among others:

1. Theindividual magnitude of the starch
molecules.

The occurrence of non-carbohydrate
constituents and the situation of
these foreign groups in the chains,

3. Side-chains and situation of their
points of attachment.

4. Length of the side-chains,

5. Type of bonds between the glucose
molecules in simple chains or at the
points of attachment of side-chains.

6. ‘Type of oxygen-bridge in certain glu-
cose molecules,

L

Although all preparations of stable dex-
trins must be mixtures and all quantitative
estimations of their gualities must be consi-
dered mean values, 1t might, of course, be
possible to obtain homogenecous preparations
by maans of careful fractionation, especially
when starting from a preparation of starch
already fractionated.

When investigating the limit dextring it
i3 obviously necessary to know their molecu-
lar size. Ifor this purpose, we have applied
the diffusion method being on various grounds
an appropriate procedure. Ilitherto, we
have studied dextrins, secured from different
starches by means of 8-amylase from barley,
a- -~ B-amylase from malt, taka diastase
and saliva. In contrast to the dextrins
produced by the three last-mentioned amy-
lases, the S-dextrins are¢ characterised hy
a high molecular weight or more adequately
by a low diffusion constant. The values
obtained with different S-dextrins vary be-
tween ky,y,= 0.08 — 0,01, According to
Fuler’s empirical formula, these figures wonld
correspond to molecular weights ranging
from 7700 to ea. H00-.000. Especially,
marked dissimilarifies exist between dextrins
from different samples of starch. In some
strongly degraded starch preparations, ¢.g.,
Zulkowskil starch, ete., the average molecu-
lar weight of the 8-dextrins approaches that
of the initial starch. It has been found that
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approximately 609 of maltose is formed at
the same time a8 the limut dextrin from
these starch preparations. This implics that
the limit dextring cannct arise as a result of
the formation of 609 of maltose from all
gstarch molecules. It is a much more natural
assumption that particular molecules yield
little if a,n{ maltose, whereas others give rige
to more than 609% and many of them cer-
tainly to almost 100% of maltose.

In contradistinction to B-amylase, malt
and taka amyvlases and saliva, produce from
all the starches investigated, limit dextrins
having a molecular weight of 600-3000.
The difference between preparations obtain-
ed from various kinds of starch 1is not very
striking and certainly no relation can be
detected to the corresponding differences
between the S-dextrins. The molecular
weights which., referring to such low-mole-
cular substances, are to be considered fairly
reliable (although mean wvalues), preclude
naturally the concept of a di- or tri-hexosan
natore of the substances; moreover, the
possibility must be out of question that the
stable dexfring may be in this particular in-
stance unaltered components of the original
starch. On the contrary, their formation
must obviously be the result of a breakdown
of all molecules, some indigestible remnants
of the molecules being left. hese fragments
are identical with the abnormally constituted
parts discussed above. Provided the S-amy-
lase yvields on the average 609 and, for in-
stance, the f- - a-amylase vield 859, of
maltose, the divergence between thege en-
zymes conecerning their mode of action upon
starch cannot possibly be accounted for on
the assumption that malt amylase attacks
B-dextring and splits off an additional num-
ber of maltose molecules from a continuous
chain. If this be the case, the limit dextrins
must evidently have a molecular weight,
30—409% of that of the corresponding
B-dextrin. On the contrary, it must he assum-
ed that the f-dextrin when acted upon by
malt amylase is decomposed into a rather
large number of minor parts, from which a
certain amount of maltose is released. This
tallies with the above assumption that malt

Myrback : Stable Dextrins and the Constitution of Starch

Current
Science

(taka) and salivary amylases have the
power of attacking the chains between the
abnormal parts of the starch molecules.

The estimation of the moleculary weight of
the limit dextrins must, of course, bhe accom-
panied by the determination of their consti-
tution, ¢.e., chiefly the nature of the eiueo-
sidic linkages between the glucose moleeules.
In this respect, our work proceeds so far
along well-known lines. We have concen-
trated our researches on dextrins having the
lowest moliccular weight and the lowest
P-content obtainable, this being done in the
hope that such fractions may not be too
unhomogeneous. In fact, much evidence
supports our belicf that we have succeeded
1 isclating some rather homogeneous frac-
tions. According to my working hypotlesis,
the limit dextrins of lowest molecular weight
(ca. 600) being practically P-free and con-
taining ca. four glucose molecules represent
those parts of the starch molecule, to which
the side-chains are attached. ¢f the
schematic figure, in which the dotted lines
mdicate chains of glucose molecules,
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The first question is: do the fonr glnenss
molecules formn a normal or a hranched
cham ? (‘'he normal redacing power of the
substance precludes the idea of a ring foru.)
Of course, the methylation method of
Haworth should enable us to answer thir
question quite satisfactorily, although it
must be admitted that the procedure i
rather laborious, When assuming the abore
theory to be corrcet it should he expected
that the teotally methylated dextrin would
vield a much larger quantity of tetramethyl:
cglucose than would starch itseld.




