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INTRODUCTION

The problem of the nature and structure of atarch is one
of long standing. Asg portions of the problem have gradually
been solved, the way has been opened for work on new phases
of the problem. The advances toward its ultimate solution
have always walted for advances in the @évalaymant of ana~

lytical tools snd investigative methods.

of th@ymore recent advances, the development of the tesh-
nique of filter paper chromatography has been one of which
great use has been made. An increasing usefulness for paper
chromatography will probably be seen, since there is no lack

of variations and modifications in its application.

In this work, the use of paper chromatography has made
pogsible a study of the agtion of sgeveral enzymes on low mo-
lecular welght starch degradation products. An attempt was
made to determine the pattern of actlon of each of the several
enzymes, and,at the same time, to learn something more of the
structure of starch. The use of low molecular weight sub-
strates offers distinet advantages. Defined compounds can be
uged; the reactions which occur can be more eagily followed
and evaluated. SHome side reactions can be eliminated along
with difficulties encountered because of the nature of high

molegular welght compounds,

The enzymes studied inelude sslivary amylase, the beta



amylages of soybeans and sweet potatoes, several plant phos-
phorylages, and the so-called {~ and Reenzymes which have

branching and debranching actions respeciively.

Ho doubt more declsive results could have been obtalned
hed orystalline enzyme preparatlons been available for use,
It ig felt, however, that thig work will at least gerve as a

useful guide for further study.



REVIEW OF PERTINENT LITERATURE
Starch

' The observation by Kirchhoff (1) in 1815 that wheat gluten,
or its aqueous exﬁraat, converts potatamétaruh paste into a
sugar other than glucose probabiy marks the beglinning of
snarehpeﬂsyma gtudies as wa11 as enzymology ase a’whala. This
meager beginning was followed by the demonstration by Leuchs
in 1831 (2) of the liquifying and sugar producing propertiesg
of saliva on atarch, In 1833 Payen and Persoz (3) obtained
what they called disstase from malt and ghowed that it also
produced sugar from starch. That this malt sugar was 4differ-
‘ent from glucose was rediscovered by Dubrunfaut (4) in 1847
who called it "maltose’, and again by 0'Sullivan (5) in 1872,
The gtructures for gluccose and maltose were definitely estab-
lisghed by Haworth in 1928 (6). Through thig work it was
learned that the gtarch polymer was composed for the most part

of glucopyranose resldues united by alpha-~l,4 linkages.

In 1879, it was found by O'Sullivan (7), and Brown and
Heron (8) that only about 80% of the starch was converted into
fermentable sugars by malt extracts., Maquenne and Roux (9)
interpreted these resgulte ss signifying that starch was conm-
posed of two componente., The 80% of the starch which stalned
with ilodine and was degraded to maltose was termed "amylose',

The 20% which wag registant that remained after fermentation
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and did not stain with lodine was called Yamylopectin', since

it was gupposed to bear a relationship to the pectins.

That starch probably consisted of more than one component
was aspparently widely anticipated, for many attempts were made
by workers to demonstirate the two fractions of starch which
oocur, For the most part the fraotions obtslined consisted of
mixtures of the two campanan@az a lower moleoular weight,
more soluble mixture and a higher molecular welght, less

soluble mixture.

A guccessful separation of one of the components wag re-
ported by Samec (10) in 1927, using the technique of elegtro-
decantation, He sald that "amylopectin" was deposited at the
anode and “amyloamylose® was left in solution. He also re-
ported (11) that the amyloamylose stained a deep blue with
1odine and was wholly degraded %o malftose by barley amylase,
but the *amylopectin® ptained a violet=~red and was degraded
only about 60% by the amylasge,

It was not until 1840 that Meyer and coworkers (12) re-
ported that 1t had been definitely establighed that ordinary
sterch conglseted of two components, By using a fractionsting
scheme using warm waler, 10-20% of & linear component and
80~90% of & highly branched component were geparated. The
term "amylose" was redefined by Meyer to repregent a starsch

polysaccharide which was entirely linear., The term *amylo-
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pectin' wag redefined to repregent s starch polysaccharide with
& highly branched structure. keyer's warm water soluble frac-
tion had amylose-like properties, for it wag completely de-
graded by Eet& amylase Just like Samec's amyloamylose. Thig
was confirmed chemically (13) by methylation end-group analyses
along with molecular weight studles. On the other hand, the
amyleyeatin preparations of both Meyer and Samec were shown to
be gimilar, to be incompletely degraded by beta amylage, and

to consist of greatly branched molecules,

It was in 1941 that Schoch (14) developed the best method
for fractionating starch using butyl or amyl alcchol insoluble
complex formation with the amylose from a starch sol. Schoch
found that corn starch conslsted of 21-23% amylose. The com—
position of gtarches from dlifferent sources varies from
mostly amylose to all amylopectin. The “glutinous® starches
like that from waxy mailze are wholly amylopectin (15,16).

Staudinger and Husemann (17) proposed a structure con-
slsting of a main chain with simple slde branches along the
chain to explain the branched struc¢ture for amylopectin., How-
ever, Meyer and Bernfelé (18) proposed a model of structure
consisting of a chain of glucogse units with many long branches
which were themgelves highly branched in a bush-like manner,
They reasoned that this type of gtructure best explained the
physieai,prcpartiaa of amylopectin and 1ts derivatives as well



as 1ts behavior with beta amylase. Haworth and assoclates (19)
did not feel that it was necessary to propose such a compli-
cated structure to explain the facte, so they propoged the
go-called laminated schemabtlic formulation. This consgigted of
& chain which had one branch which in turn had one branch,
etc., repeated many times. Myrbédck (20) preferred Meyer's

formulation, as do most recent investigators ag will be ghown,

That amylogse may not be entlirely linear has been sug-
gested by Peat and coworkers (21,22,23) who reported what
they csll Z-enzyme in crude preparations of soybean bests amyl-
ase. It appears to gerve the function of a beta-glucosidase.
Apparently the total degradation of most amyloges by pure beta
amylases 18 not possible without the action of z~anzyma. The
beta-glucosidase of sweet almonds is eald to simulate the

action of the Z~enzyme,

Additional evidence that some amyloses may contaln
branches 1s given by Kerr and Cleveland (24). Using the
amyloglucosidase of Agpergillue niger or crystalline aweet
potato beta amylase, they show that the rates of production of
glucose or of maltose, r@speativaly¢ from potato and ta@iooa
amylosea ig two to three times that of glucose or maltosgse pro-
duced from aryatalline corn amylose. They conclude that these
smyloges must gontaln an average of 2 or 3 branches per mole-
gule. The nature of the branching wag not described, Whether

normal alpha-l,6 branch linksges are responaivie, or the type



of branch lablile to Z~enzyme hag not been determined.
Amylages

It was not until the latter part of the nineteenth century
that 1t wag suspected that the action of malt might be due to
more than one enzyme. In 1870, Scohwerzer (25) showed that the
maltose producing power of a malt extract is greatly lessened
on heating, but that ite dextrinizing ability is 1little changed,
%1 )sman showed that two enzymes were present (26) by observing
their different rates of dLffusion from a drop of malt extract
placed in the center of a gtarch containing gelatine plate,
After treating with an lodine solution, there appeared a
golorless spot surrounded by a red-violet ring, the rest of
the plate staining blue, The two concentric areas of stalning
and non-staining material showed the presence of two diatinet

enzyme actions.

In 1922, Ohleson (26,27) again demongtrated that there
were two distinct enzymes in malt extract. He showed that
one gcarried the hydrolysis only to the dextrin stage; the
other hydrolyzes starch to maltase, From this he called them
“dextrinogenase’ and f"gaccharogenage'. He selectively de~
stroyed the saccharogenic amylase wlith heat, the dextrinogenic
amylase at a low pH.

Kuhn (28,29) reported an interesting observation in 1924
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goncerning the products of action of the two types of anmylases,
It wae previously known that Ymalt amylase® liberasted beta
maltose by i1ts aetion, but Kuhm‘shcwaﬁ that pancreatic amylase
formed downward mutarotating produets, From this he named

them beta and alpha amylases respectively.

In 1930, Ohlsson (30) demonstrated that beta maltose was
produced by the saccharifying amylase and alpha maltose by the
dextrineforming smylase of malt. Thus the saccharogeniec
amylases are called beta amylases, the dextrinogenic anylases,
alpha smylases., Animel amylases are alpha amylases; most
plant amylages are bets amylaseg, although several plant alpha

anylaseg ogour.

Several investigators concluded that the production of
alphs and bets maltose bore a relationship to starch structure,
not realizing that the difference was in the modes of action

of the éiffareht enzymes in the brsaking of a given linkage.

Many investigatore had tried to demongtrate in addition
to alpha and beta amylases that a special llquefying amylase
was present in many preparations. However, liquefylng action

‘was definitely shown in 1841 to be a property of the alpha
amylases (31).

dore definite characterization of amylage action had been
rether glow in developing due to the difficulty in analyeis
of the products.



The demongtration by Bamec and Waldgchmidt-Lelitz (11) in
1931 that their amyloamylose wéa completely degraded into
maltose by beta amylasze gave an indication of the action of
the amylase as well as the gltructure of the amyloamylose,
Their report that the amylopectin fraction was only 60% con-
verted to maltose by beta amylsse and van Klinkaﬁberg'a report
(32) that potato starch was 64% converted to maltose by beta
amylase began to shed light on both the nature of the amylase
and the subgtrates. Kliﬁkanbarg nsmed the beta amylase regid-

ual dextrin "erythrogranulose®,

Since only maltose could be deteoted as the low molecular
welght hydrolytic product from the actlon of beta amylase, the
experiments of Myrbéck and agsoclates (32,33} were sufficient
to prove i1ts method of attack., 8Sinece oxidation of the reduc-
ing group had no effect on the action of the enzyme, it could
be agserted that the enzyme aitacked the subgtrate at the non-

reducing terminals splitting off successive maltose units.

That this continues to complete degradation with an unobstructed

chain of glucoge units bonded with alpha«l,4 linksges was seen
by the experiments of Samec and Waldschmidt-~Leitz (11) on
amyloamylose (amyloge}, However, upon coming to an obstruc-
tion (branch-point) in an amylopectin molecule 1ts action was
atopped (34). Meyer and coworkers determined that the limits
of eonvers&én to maltoge of potato and corn amylopectins by

beta amylasse were respectively 59% and 62% (35). How near a
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Soon after the alphs and bete amylases were gseparated 1t
wag obvious that the alpha amylase had a much different speci-
ficity than the beta amylase. The beta amylase gave a high
molecular weight residual dextrin with starch that alpha
amylage did not give (30). 1t was shown algo thet alpha amyl-
ase degrades this limit dextrin (45,46)., If beta amylase was
stopped by the branch points, 1t wae obvious that alpha amyl-
age either hydrolyzed them or by-passed them (34), But in
1940 Myrbdck and coworkers concluded that in the residual dex-
trins, after alpha amylase actlon, were included some linkages
other then alpha-l,4 linkagaa (47). That same year they
ghowed the presence of an alpha«l,6 linkage in a trisaccharide
dextrin (48). In connection with the fact that 1,6 linkages
were ghown %o be stable to alpha amyiaae (49), it was easy to
¢onclude that the enzyme by-passed the linkages and hydrolyzed
internal chains. Further evidence of the fact that the primary
branch points in sgtarch consigted of alpha-l,8 linkages came
with the isolation by Freudenberg and Boppel of 2,3 dimethyl
glucose from hydrolyzed methylated starch (50). Unequivooal
proof was given by wolfrom and coworkers in 1949 and 1950 by
their igolation of erystalline isomaltose octascetate from
acetylated dilute acld hydrolyzates of glycogen asnd amylopectin
(51,52).

The isolation by Ahlborg and Myrb#iek (53) in 1941 and by
Montgomery and associates (54) in 1949 of lsomaltose from
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Roberts (67) have desoribed in a preliminary report & branched
pentasaccharide which they are investigating from & galivary
amylage digest of glyecogen. They report 1t to be the lowest

molecular weight branched dextrin formed,

The orystallizetion of amylolytic enzymes was a great
gtep toward the learning of the true nature of action of these
enzymes. The report of the orystallization of hog panoreatic
amylage by Caldwell and coworkers (68) in 1930 was followed
by the more detalled report of Meyer's group (69,70) in 1947,
The firet beta amylase to be crystalllzed was that of sweet
potatoes by Ballg, Thompson and Walden (71,72) in 1946, The
alpha amylase of sallva was first orystallized in 1947 by
Meyer's group (73,74,75) followed by human pancreatic amylase
in 1948 (76). Meyer and coworkers concluded that the human
salivery and panereatic amylasges were identical chemical sub-

stances,
Starch Synthesizing Enzymes

Evidence of phosphorolytic action was obgerved by Bodnar
(77) in 19256, for he reported that pea meal placed in a solu~
tion of phosphate buffer was able to convert the inorganic
phosphate into an érgaaia form, Since this action did not
ocour with heated or methanol treated mesal, he concluded it
was an enzymic reaction. In 1935, Parnas and Baranowskl (78)

wrote of the egterification by free phosphate of glycogen by
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an autolyzed, dialyzed extract of muscle to produce a mono-
phosphoric ester. Ostern and assoclates {79) showed that thig
ester was glucose-6-phosphate. It was also shown by Ostern's
group (80) that the same product could be obtained from the
phosphorylation of atmrah’by these musele extracts,

1t was demonstrated by Cori's group (81,82), however,
that the formation of glucose-6~phosphate was the result of
two enzymes, and that glucose-l-phosphate, (lori ester),
probably having the alphe configuration, was formed as an

intermediate,

Mystkowskl (83,84) reported in 1937, as did Cori, Colowick
and Cori (85) in 1939, that phosphorolysis of glyecogen was a
process independent of the amylase in the gystem. Glucose~l-
phoasphate was assumed to be formed by the entrance of the
inorganlc phosphate at the maltosidic linkages of the glycogen

(86) in a menner analogoug to hydrolyeis.

In 1938 Lehmann reported that glucose inhibited this
ph@spherolytic reasction (87)., This was confirmed by Corit's
group (856) An 1939, who also showed that emall amountse of
phlorizin or phleretin almost completely inhibited the reso-
tion. It was soon after this that the reversibility of the
reaction was discovered and the synthetic action of muscle
phoephorylase demonstrated by the Coris and coworkers (88,89).

From purified enzyme preparsliions, a blue gtaining polysag~
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~charide was formed, unlike glycogen. SchiAffner demonstrated
at about the same time the synthesls of glycogen by yeast

from glucose-~l~phogphate (80), The phosphorylase from musole
was ghown to have no efféet on galactose-l-phosphate or
mannogse-l-phogphate (88). It was later proven in 1943 that
the gluaeaa~1~ph§aphata formed had the alpha configuration
when Wolfrom end agsociates (91,92) synthesized the beta isomer
and ghowed that phosphorylase di& not act upon 1t, Maltose-l-
phosphate and xylose-l-phosphate were not acted upon either
(93). Upon further purification of the muscle phosphorylase
preparations 1t was noticed by the Coris (89,94) that added

glycogen was necessary before synthesis took place,

In 1940 Hanes (95) reported finding phosphorylase sctivity
in an extraet from peag which alsgo had vaveratb&é action., He
postulated that the glucose~l~phosphate was formed by direct
phogphorolytic cleavage of the terminal glucose unite from
the non-aldehydic ends of the chalns, aéen.aftar, Hanes
(96,97) found that the white potato was a good source of phos-
phorylage, and wasg easlier to purify, Added starch served as
an sctivator for “nth of these enzymes. Hanes put forth the
idea that possibly the activator entered inte the reaction.
The synthesiged polysasccharide formed by purified potato
phosphorylase stalned a deep blue with lodine and was almost
completely degraded by beta amylase, like amylose.

Phosphorylases from various plants have been gtudied.
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Among them are sugar beets (98), SQy, castor and broad beans
(99,100), Jack beans (101) and corn (102).

Meyer and Bernfeld (103) reported in 1942 that potato
phogphorylase acts reversgibly on 1,4 links but not on 1,6

linkages, hence does not ac¢t upon bets amylage limit dextrin,

Muscle phosphorylase was obtalned crystalline first by
Green, Cori and Cori (104) in 1942, Early studies on the
nature of the action of muscle phosphorylase indicated the
enzyme could by-pass or break 1,6 bonds, thus giving nearly
total phosphorolyeis of glycogen to glucose~-l-phosphate. This
finding was confirmed by Swanson (105) using the cryastalline
phogphorylage. It was found by Hestrin (106), however, that
after a sufficient number of recrystallizations the enzyme
preparation lost this property, and gave & 1limit dextrin from
glycogen similar to that from potato phosphorylase or beta
amylase. Swansgon (105) showed that potato phosphorylase limit
dextrin could be degraded further by beta amylase. Hesgtrin
(106) found similar resulte for the muscle phosphorylase limit
dextrin. The maltose removed amounted to about 1 mole for
every end group. Investigation of the polysaccharide synthe-
aizad‘by mugcle phosphorylase (107) showed 1t to have proper-
ties vsry gimilar to fhase of amylose and the synthetic starch
from potato phosphorylase,

That there was a difference in the requirement of the two
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enzymes for activators wae gulite apparent., Amylose, amylopec~
tin and thelr partial scld and alphe and beta amylase hydro-
lytic products were good primers of potato phosphorylase,
Swanson (108) showed oligosaccharides as small as 4 or 5 glu-
cose units were good primers., Welbull and Tiselius (109)
¢lalmed amylotriose was & good primer, Balley, whelan and
Peat (38) and wWild (110) established in 1950 that amylotriose
was a weak primer, and that amylotetraose and higher oligosac-
whariaga are very good primers. It was alsgo shown by wild
{110) that the lack of priming by salivary amylase digests
containing these oligosaccharides was due to the formation of
branched oligosaccharides which inhiblted potato phosphorylase

action.

Muscle phosphorylage was primed best by high molecular
welght primers like amylopeotin and glycogen. More than glight
degradation of these resulted in substantial decreases in
priming abiiity (108). Apparently & high molecular weight,
highly branched molecule is negessary before the enzyme sgube
strate complex can form, however, it can be geen by comparing
limit dextring that "gtubs® of only several glucoge units must

serve as priming points,

Another interesting phosphorylase of a different type 1s
the suerose phosphorylase ilsolated from Pseudomonas saccharophila
and investigated by Doudoroff, Kaplan and Hassid (111,112).

It hag the ablility to catalyze the reversible phosphorolysis
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units and formed them into amylopectin by syntheslzing 1,6
bonds., The pseudoamylose was to have come from phosphorylase
syntheels and/or from hydrolytic cleavage of amylose by the
Q=enzyme. In further studies, however, it was seen ghat
amylopectin was actually not formed from & pseudoamylose-{ype
polysaccharide, but larger amylose molecules were required

(121,122,123).

In 1950 Peat and hig group {124,126) showed that the
sction of Qwenzyme did not involve phosphate, but acted in the
manner of & traﬁagluaosi&aaa. Further gtudies (126) substan-
tiated this finding. Hosoya (127) also stated its sction was
that of a transglucosidase.

Peat and his assoclates (128) demonstrated that with
varioug mixtures of phosphorylase and G-enzyme, different
polysaccharides could be syntheslgzed varying from those with
anyloge properties to those with amylopectin properties,

Gllbert and Patrick (129,130) obtalned the (-enzyme of
potatoes in a crystalline form in 1850,

The broad bean hag been faﬁn& to be & good source of
Qrenzymé. It 1e also present in peas (100). Sugar beets (98)
have been reported to contain & Q~enzyme. A Q~enzyme from
the organiem, Polytomells soeca, has also been studied (131,
132,133).
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Nussenbaum and Hassid reported in 1952 (134) that linear
dextrins of average chein length up to 42 glucose units were
not converted by potato g~enzyme into amylopectin, but dex~
tring averaging 116 glucose unites were formed into amylopectin,
Bailey, Peat and Whelan (1358) reported that Q-enzyme failed to
act upon dextrins averaging 20 glucoge units in size. It
acted very slowly on dextrins averaging 30 glucose unite, and
more rapidly on dextring with an average length of 58 glucose

units.

Bernfeld and Heutemedian (136,137,138,138) claimed the
dilgcovery of an "isophoaphorylase® in potatoes, Ite action
was described as phosphorolysis of and synthesis of alpha-l,6
glucosidic branch points. However, these claims have been

digputed by Balley and wWhelan (140},
Debranching Enzymes

It was reported in 1950 that the enzyme responsible for
allowing the complete phosphorolysis of amylopectin by e¢rude

plant extracts was not the same as the Q-~enzyme,

Hobgon, wWhelan and Peat (141,142) demonstrated the
presence of & separate debranching enzyme which they called
"R-gnzyme", They deseribed 1ts hydrolytic action on the
branch points of amylopectin and beta amylase limit dextrin,
They followed this action by the change in the color of the
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iodine stain, which was toward the blue color of amylose,

Cord and Larner (143,144) reported also in 1850, on the
action of a debranching enzyme from musocle, which they called
"amylo-1,6-glucosidase”., This enzyme was reporﬁad to hydro-
lyze off the glucose branch points remaining on muhele phog-
phorylese limit dextrin. After the action of amylo-1,6-
glucosidase, the phosphorylase could continue phosphorolysis
to the next branch point, From the sction of beta amylase on
muaalé phogphorylase limit dextirin, and from the produets of
the action of aﬁylewl,ﬁ«gluaﬂsidase, they postulated that the
glucose units of the periphery of the limit dextrin must be
unevenly dlstributed, the branch consigting of one glueose
unit, the chaln extending beyond the branch point gonsisting

of 5 glucoge units.

Corits group have glven good evidence (145,146) for the
Meyer formulation for amylopectin and glycogen. That these
molecules must be irregularly and multiply branched 1s indi-
cated by the fact "tiers® of branches ¢an be shown to be
degraded by the successive actlions of muscle phosphorylase

and amylo~-l,6~glucogidase on these molecules.

Additional evidence in favor of Meyer's representation
for amylopectin has been presented by Peat, Whelan and Thomas
(147). Following the action of R-enzyme on beta amylase limit

dextrin and obgerving the kind and amount of oligassccharides
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produced, they came to thelr conclusions. Nearly equal amounts
of maltose and amylotriose "gtubg" were apllt off in amounts
intermediate between the miﬂimal amount expected frbm the
Haworth formula and the maximal amount that would be given by
the St&ﬁdinger mc&él. Other oligosaccharides split off, indi-
cative of the nature of the secondary branches of the limit
dextrin, began at 6 giﬁaese units aﬁainereased in siza, the

4 and b me&bered sugars belng absent,

As early as 1940, Meyer (148) used what he called alpha
glucosidage from yeast to remove the branch points of beta
amylagse limit dextrin., The beta amylase could again hydrolyze
off maltoge from the treated limit dextrin,

The "limit dextrinese" desoribed by Back, Stark and Scalf
(149) may be a similar enzyme.

Hiehimura (150,151) reported in 1930 on an enzyme from
yeast which he named "amylosynthease®. The engyme was given
thls name from its apparent synthetlic activity as measured by
the shift of lodine color from red to blue of the polysac-
charides treated by it. Preparations of "amylosyntheage® were
made from rice and potato by Minagawa in 1932 (152). Aall
these preparations had "synthetic activity" on branched sub-
strates only. A renewed study of this enzyme from yeast was
made in 1949 by Maruo and Kobayashli (153,154,155) and they
came to the conclusion by 19561 that the enzyme was ildentical
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with the alpha glucosidase of yeast used by Meyer (148) in
1940 and may be the same ag R-enzyme of Hobson, whelan and

Peat (142). They have suggested it be called "igoamylase",

In 1947, Petrova (156,157,168) clalmed to have igolated
an enzyme from muscle which on acting along with phosphorylase
could revereibly catalyze the formation and degradation of
glycogen, "Amylose lsomerase®, ag 1t was ealied, was most

likely a mixture of branching and debranching enzymes,



26
%ﬁ?Eﬁlﬁbﬁkﬁﬁﬁ METHODS

Chromatographic Technique

Filter peper

The filter paper predominantly used was Eaton and Dikeman
613, which was obtained in 1000 ft. rolls eight inches wide,
The desired lengths were cut and used as such, To obtaln
uniform echromatograms a length of 8-5/8 inches was used con-
sistently, for that length of paper could be used nicely in

the contalners whlch were avallable,

E. snd D. 613 filter paper contains an amount of starch
which in some instances 1ls undesirable. In such instances

Whatman No., 1 fllter paper was avallable for use.

Manipulation of samples

The sgamples of carbohydrates or enzyme digests were
applied to the paper 2 cm. from the bottom edge. When spaced
2 cm. apart, nine gpots could conveniently be put on each
chromatogram. However, spots could be placed as close as
1.7 om. and s8till glve satiefactory resulte. The samples were
applied with a platinum loop which had a normal capacity of
0.002 ml. When necessary, to obtain & high enough concentra-
tion of material, succesgslve loops of solution were applied to

the game spot after the preceding application had dried. 1In
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cages where chromatographic fractionation was being carried
out for isolation purpesesg, the solution wse applied with a
fine~tipped pipet made by drowing 8 mm. glaeé nﬁﬁing down ﬁé
a small diemeter using a sauell flame, By using a plpet with
an opening bf appropriate é&ae, the solutlion could be applied

to the paper in & very uniform stresk.

Qaﬁt&;narg and developing solution

Ascending type chromatography was used consistently, for
no material is lost from the chromatogram and only very simple
equipment ig required., The contalners used were wide mouthed

gallon Jars with gerew lids or brown wide mouthed reagent jars,

After the spots or streake were applied to the paper and
dried, the paper was stapled to form & cylinder with the spots
near the bottom edge. The stapled edges were not allowed to
touch, The adhesive on the staples did not interfere with
development, since the staples were nearly 2 cm. away from the
path of the nearest spoi. From 50-6b al. of developing egolu-
tion wae used in each Jar., The chromatogram was allowsd to
stand in the sclution until the solution had reashed the top
of the paper by caplillary asotion. The chromatogram was then
taken out, dried and returned to the jar for another agcent if
deslred. A chromatogran was glven asg many asgcents as necesg-

gary %o achieve the desired result.

The sgolution used for all carbohydrate chromatography
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consisted of three psarts of water, four parts of pyridine and
gix parts of l-butanol by volume (3-4~8) (159). Practical

pyridine redigtilled in the presgence of barium oxlde wag uzged,

After the solution in a jar haﬁ}heen used for four
agcents, 1ts effectiveness in ﬁaving and resolving substances
on the chromatogram was elgnificantly reduced., This was no
doubt due to an alteration in the composition of the solvent,
Because of thig, the solution was seldom used for more than

four ascents,

8inge pyridine 1s known %o cause ketonization and
epimerization of aldoseg at elevated temperatures, the chroma-

tograms were always dried at room temperature,

It required five %o six hours for the 3-4~6 to reach the
top of the 8~5/8 inch lengths of E. and D. 613 filter paper
sfter the initial ascent, which took a 1lttle longer.

Color reagents

Several different color reagents were used. The princi-
ple reagent used to detect the reducing carbohydrates was the
alkaline copper reagent., It was prepared by dlssolving 7.5 g.
of copper sulfate in 100 ml. of water and adding that with
atirring to a solution of 26 g. of Rochelle salt and 40 g, of
anhydrous sodium carbonate in 300 ml. of water. To this mix-

ture was added 500 ml. of methanol, and the whole golution was
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dliluted to 1 liter with water, Thies solution was sprayed on
& chromatogram until uniformly molatened using a DeVilblas

No. 31 atomizer with s continuous alr stream. The chromeato-
gram was then heated in a 100-110° C. oven for approximately
five minutes, After this the chromatogram was sprayed with

& phosphomolybdic acid solution (160), which brought out as
blue spots the areas where reduction of the copper by the
sugere had cccurred., Oligosaccharides with a reducing ter-
minal maltose unit_(iﬂsluﬁing maltoge) appeared to glve spots
which had a greenisgh blue color, This combination of reagents
could be used to detect as little as one mioregram of glucose,
two mlcrograms of amylotriose and about five mlcrograms of

snylotetraose,

A very ugeful method for determining whether or not a
given carbohydrate would serve as & primer for potato phos-
phorylase, and also for detecting very emall amounts of prim-
ing oligosaccharides involved the use of a potato phosphorylase-
glucoge-l-phosphate sprey (110). The procedure varied some-
what depending upon the activity of the phosphorylase used.

A mixture of 0,8 ml. of the phosphorylage preparation
described later, 0.5 ml. of a 0.6 M. solution of dipotassium
glucose-l-phogphate (brought to pH 7 with 1:1 HCl) and 0.7 ml.
of water, was adequate for gpraying one halfl of a chromatogram,
The solutions could not be mixed together until immedlately

before spraying onto a chromatogram, for a sufficient amount
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of priming carbohydrate was present to allow rapid synthesis
of amylose. Immedlately after a chromatogram was aprﬁyad it
was hung in a molst chamber consisting of & 16 liter cyline
drical jar with a shallow layer of water in the bottom and
covered with & glass plate. After ten minutes 1t was teken
out, drled in an oven and eprayed with 0.0L N. I, in KI solu=-
tion to bring out the areas where starch synthesis or inhibi-
tion had occurred. Inhibiting materials give a llght gpot
sgelnst a blulsh background, Weak primers like amylotrioge
give a blue or red-centered blue spot depending on the concen~
tration. Good primers glve a blue spot at very low concen-
trations, a red-centered blue spot at concentrations barely
detectable by other reagents, and a spot shading from yellow
at the center through red to blue at the edge for higher con-
centrations. A spot of amylotetracse containing down to as
l1ittle as 0.05 microgram ¢ould be detected with the potato
phogphorylage spray. A red-centered spot ie¢ given with 2
micrograms of amylotefraose, a yellow-centered spot by 20
micrograms. About 1 microgram of amylotriose can be detected

wlith this method.

Ammonlacal silver nitrate solution (161) was used in
some ingtances for reducing sugars and in others for detecting
aldonic aclids. It was prepared by adding 11 %tle more than
enough concentrated ammonium hydroxide to 8,54 silver nitrate

to glve a clear solution. After spraying onto a chromatogram,
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it wae heated in a 100° (. oven for several minutes or allowed
to gtand at room temperature for geveral hours. When allowed
%o stand at room temperature, a better looking chromatogram
regulted, The limite of senslitivity for glucose, amylotriose
and amylotetracse are about 0.1 microgram, 0.2 microgram and

0.5 miorogram, réspeativ&ly,

Spots of katéae contalining sugars were brought out by
gpraying on a solutlon of 0.1 g. of phloroglueinol in 50 ml,
of l-butanol with 10 ml, concentrated HCl added, then heating
in a 100° ¢, oven for several mlnutes. Overheating had to be
avolded for the gpots diminished in intensity when heated too
long., This alcoholic reagent was much superior to the corres-
ponding aqueoug reagent for comparatively little background
color tended to develop. The sensitiviiy of this reagent is
comparable to that of the copper-molybdenum reagents for re-

ducing sugers.

The hydroxylamine reagent followed by a ferric chloride
spray was uged to & limlted extent for the detection of

lactones (162).
Enzymes

Potato grenzyme

The procedure of Barker, Bourne and Peat (122) was used
for the preparation of potato Q-enzyme. The juice (860 ml.)

from 1.3 kg. of peeled potatoes was used. The preparation
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gcheme, including lead ascetate precipltation followed by
bicarbonate-C0s elution and precipitation of the enzyme by
bringing to 19 g./100 ml. amuonium gsulfate, was exactly fol-
lowed to glve a Gy-enzyme preparsfion, This was dlssolved in
85 ml., of 0.2{,, pH 6,5 citrate bulffer and freeze-dried.

Broad bean g-enzyme

~Broad beans were ground in & bsll mill to pass at least
& 50 mesh sieve. The flour wag then extracted with diethyl
ether in a Soxhlet extractor untll no mere color was lmparted
to the ether, The preparation procedure used for (-enzyme
from broad beans was that of Hobgon, whelan and Peat (100) and
was very simllar to that used in the preparation of the enzyme
from patatnes.‘ For the preparation used in this work, 150 g,
of the ether extracted broad bean flour was extracted with
600 ﬁl.,mf water, The centrifuged and filtered extract was
treated in the same manner as the potato juice. The resulting

Wy~enzyme preparation was sleo freeze~dried in cltrate buffer,

Broad bean R-enzyme

The Re-engzyme preparation used was prepared following the
direstions of Hobson, Whelan and Peat (142). A Qy-enzyme
preparation (before freeze~drying) is treated in the cold with
potato starch in a solution containing 1% sodium sulfate and
25% ethanol. The R-enzyme gtays in solution, but subetan-
tially all of the Y-~enzyme ig adsgorbed on the starch or
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inactivated, Re-enzyme powder ig prepared by precipitation

with cold acetone,

Potato phosphorylase

Potate phosphorylase golutions prepared according to two
aifferent procedures were uged, One procedure was that used
by Green and sStumpf (163). The other procedure was that used
by Barker, Bourne and Peat (122) in connection with"the prepa-

retion of Q-enzyme.

The method of Green and Stumpf was usged %o make a phog-
phorylage preparation thought to contain lees (-enzyme as an
impurity, because of the heat treatment used, The julce from
2.25 kg, of potatoes was heated to 50° . for five minutes.
The precipitate formed plus that precipltated by bringing the
golution to 15 g./100 ml. in ammonium sulfate was discarded,
The precipltete formed by bringing the concentration of ammo-
nium sulfate to 35 g./100 ml, was the fraction saved. This
precipitate was dissolved in 0.2 i,, pH 7 cltrate buffer to
give 100 ml, of potato phosphorylase sgolution.

The potato phosphorylase preparation made in eonnection
with Q-enzyme utilized the supernatant obtalned from the
12 g./100 ml, ammonium sulfate precipitation. The concentra-
tion of ammonium sulfate was increassed to 35 g./100 ml., the
preciplitate centrifuged arf{aa& dlsgolved in Just sufficlent
0.2 M., pH 7 citrate buffer to dlesolve 1t. Thig wae the
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enzyme golution uged for the phosphorylase-glucose~l-phosphate
chromatogram epray.

Broad bean phogphorylase

The'braad bean phosphorylase solution ugsed was made
according to the procedure ef Hobsgon, wWhelan and Peat (100)
in connection with the preparation of Qranzymé. The procedure
wag esgentlally the same as that for the preparation of potato

phogphorylase.

Other phogphorylases

Aqﬁeaua extracts of ground meal from lima beans, wrinkled
peas, jack beans and corn were used to test for the type of

phogphorylase activity in each.

§alivarx amylsage

The salivary amylase used was im the form of crude, uncon-
centrated saliva which had elther been filtered or centrifuged,

sometimes after diluting with an equal volume of water.

Soybean beta amylase

The goybean bets amylase uged was a concentrated enzyme
powder made by Newton (164) over twelve years ago. It has
retained most of 1ts activity, It has been stored in the

refrigerator,
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Sweet potato bets amylase

The sweet potato beta amylase used was a orystalline
preparation kindly supplied through the courtesy of Dr. A. K.
Balls (71,72).

Carbohydrates

Linear gtarch oligosaccharides

The solution of linear atarch oligossccharides used for
a reference on the chromatograuns was prepared by the aecid
hydrolysis of & 30% solution of amylodextrin, The average
molecular slze of the mixture was about 3 glucoge units. The
solution was sgtored in the refrigerator with thymol as a

preservative,

Wexy melze salivary amylase 1imit dextrin

A 3% solution was made from 100 g. of waxy malze starch
by edding a slurry of the starch to boiling water with rapid
gtirring. After cooling to room temperature, filtered saliva
wag sdded, Several hundred ml. of filtered or centrifuged
saliva were added over a peried of several weeks. The digest
was preserved with toluene. The progrees of the digest was
followed by paper chromatography. Wwhen substantially all of
the amylotricse initially produced had been converted to
maltoge and glucose (after about 20 weeks under the conditions

used), the digest was filtered to remove precipltated material



38

(from the saliva), aﬁd gvaporated to a syrup. Chromstograms
ghowed the presence of glucose and maltose in large quantities,
very small amounts of amylotriose and branched trisaccharide,
and significant amounts of branched sugers of 4 glucose units
and larger. A fractionation was @mwwiad out using methanol,
acetone and tolushe to attempt to separate some of the glucose
and maltose from\ths m&xtura.' The eyrup was of a viscous con-
sigtency, but 1t'eou1d.bé gtirred ﬁithﬁuﬁ difficulty. Methanol
wes added slowly with stirring until additional methanol caused
no more preclpitation, The solution was decanted from the
precipitate, and acetone was added to the methanol solution
until no more precipltate wae produced., This eolution was
again daaante& from the praé&p&ﬁata and %aluuuwrwas added
until additional precipitate no longer formed, The methanol
and #eetona prse&y&ﬁat&s £%11]1 contained much glucose and
maltose and substantially all of the branched materisl. The
toluene precipitate and remalning solution contained consider-
able amounts of glucose and maltose and insignificant amounts
of the branched sugars. In fact, the maltose grystallized
spontanecusgly from the last preclipltete and from the syrup
which remained after evaporation of the supernatant, This
fraetionatian'prmaaﬁure wap repeated twice more on the com-
bined methanol and acetone p&aaipita%es,'anﬁ probably removed

more than 50% of the glucose and maltose.
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Waxy melze beta amylase limit dexirin

Waxy malze stareh, 5O g., was dispersea’in é.ﬁ N. NaQOH,
brought to pH 4.5 with acetic acid and diluted to 1%. Sixty
mg. of a suspension of sweet potato beta amylase aryatala‘wam
added, and the digest incubated at 40° for four daye with
toluene as a praa&rvative. The iimit dextrin was precipitated
by bringing the digest to 60% in ethanol. The precipitate was
allowed to settle in the cold, The solution w&a decanted and
the precipltate pulvarizé& in 95%~ethanol. This procedure was
repeated for a second digestion using proportional asmounts of
reagents. Five grams of the raéﬁlting 1imit dextrin was given
a third digestion with 60 mg. of the erystalline beta amylase
suspension at room temperature for two dayse. The overall
yield for the three digestions was 36% of limit dextrin, This
signified slightly lees than 64% conversion of the waxy malze
starch to maltose, taking into consideration elight losses

during recovery.

Yaxy mslze potato phosphorylase limlt dextring

One hundred grams of waxy malze starch was dlspersged in
boliling water; one mole of KHoPO4 and one mole of KpHPO4 were
added and the golution diluted to about 8 liters. when the
solution had cooled to room temperature, 40 ml. of the phos-
phorylasgse solution prepared aaearﬂing'te the method of Green

and 3tumpf (163) was added. Toluene was used ag a preserva-
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tive., After two days, 20 ml, more of phosphorylase was added,
8ix days after the digest was begun, the linit dextrin was
preciplitated by adding 95% ethanol to BO% by volume, (Glucose~
l-phogphate was recovered from the solution by the method of
MeCready and Hasseid (165).) The gummy precipitate was disg-
persed in 3 moles of NaOH in 4 liters of sclution. Phosphorie
acid was a@ﬁad to bring the solution to pH 7. The solution
wae &1luted3ta 8 liters and 40 nl, of phosphorylase preparaﬁian
added. After gtanding one day 20 ml, more of phosphorylase
wag added. One week after beginning the digest, the limit
dextrin was agsin precipitated with a concentration of 50%
ethanol. The resulting precipitate was pulverized in a Waring
blendor in the presence of butanol and ascetone, Ten gramg of
the phosphorylase limit dextrin was freated a third time with
the enzyme. It was dispersed in 250 ml, of 1 M, KOH and
neutralized with 85% H3PO4 to give a pH of 6. To the solution
was added 45 ml, of phosphorylase solution. Toluene was used
a8 preservative, After ten days the digeet was bolled, fil-
tered and dlalyzed against distilled water untll only a faint
precipitate was given with silver nitrate. The solution was
eveporated to 250 ml. in a hot air stream, and two volumes of
95% ethanol were added. The precipitate was allowed to settle
over night. It was pulverized in a Warlng blendor with
butsnol and acetone, A yleld of 5.1 g. of the limit dextrin

was obtained, Considerable material wag lost during dialysis,
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| A waxy malze phosphorylase liﬁit dextrin prepared by
srsenolysis was made from 25 g. of the starch. The waxy malze
wag Glepersed in KOH and neutralized to pH 6 with HzAsO4. The
final solution of two liters was 0.05 M. with respect to
argenate. Thymol was used ag a preservative. After standing
eight and one-half months, the dlgest was epnaankraead and the
limit dextrin precipltated with ethancl. The precipitate
(12.2 g,) was redispersed in NaOH, neutrallzed with HCl and
dlalyzed against digtilled water until only a faint turbidity
was glven with silver nitrate, The solution was precipitated
with two volumes of 95% ethanol, Ten grams of this srsenolysis
1imit dextrin wag gilven s treatment with phosphorylase and
phosphate in exsotly the same way that the third treatment was
glven to the regular phosphorylase limit dextrin, A low yield
of 4,45 g. wae obtalned. A substantizl amount of material was
logt in the finsl dialyeles.

Glycogen beta,ggylagg limit dextrin

A digest of a partial beta amylase limit dextrin of glyco-
gen was made by dlesolving 0.5 g, of the materisl in 10 ml., of
boiling water, and adding 18 mg, of soybean beta amylase
powder to the ¢ooled solutlion., Thymol was uaed ss a pregerva-
tive., After six days at room tempersture the dlgest was ilnac-
tivated by boiling., It was evaporated to dryness in s warm
air ctream, The dried material was ﬁi@gélva& in 2 ml, of

water and precipitated with 10 ml. of methanol, the supernatant
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decanted, and the precipitation repeated. The third time the
precipitate was dissolved in 0.1 N. NaQH, heated in a bolling
water bath for 30 minutes to deatroy the reducing sugars still
present, neutralized with HCl and evaporated to dryness. The
resldue was dissolved and reprecipltated as sbove, redissolved,
treated with a small amount of charcoal, filtered and evapo-
rated to dryness., The limlt dextrin was glven a fourth pre-
cipitation, filtered, washed with butanol and dried.

Amyloheptaose

The amyloheptacee used was prepared from Schardinger's
beta dextrin by light acid hydrolysis, using the procedure
given by French, Levine and Pazur (168),

lotetracse

The amylotetracse used was prepared by lr., Philip Nordin
from a sallvary amylase digest of amyledextrin by charcoal
column chromatography (167).

Amylotriose

The preparation of amylotriose used was made by Mr. Philip
Hordin from a salivary amylase digest of amylodextrin, The
hydrolysis of amylotetraocse was complete; the glucose and
maltose were re&avaa by fermentation., It was purified on a

charcoal column,



Fanoge

The crystalline panose avallable for use was kindly sup-
pllied by Dr, 3. C. Pan,

Igomaltoge

The isomaltose usged was a preparation made available by
Dr. M. L, Wolfrom,

Panose coupled-product

The panose coupled-product was made by Dr., D. French
(168) by coupling Schardinger's alpha dextrin and panose by

macerans amylase,



41
EXPERIMENTAL RESULTS
Action of Potato Phosphorylase

The synthetic and degrading actions of potato phosphoryl-
ase were investigated. The natures of the overall synthetic
and degrading processes of potato phosphorylase are fairly
well known, but the limits for these processes are not so well
known, The kind of c¢arbohydrates which will initiate carbohy-
drate synthesis, and the carbohydrates remalning after the
limit of degradation were gtudied. Carbohydrates whioch
inhibit the aection of potato phogphorylase were also investi-
gated,

The priming action of various members of the starch
oligosaccharide series was determined by using a technique
involving the enzyme reactlon on a paper chromatogram. A
paper chromatogram of the oligosaccharide series with five
ascents in the developing solvent was satisfactory for the
determination (Teble 1). The designation Gy, Gy, Gz, etc. is
used to indlcate the number of gluéaae unite in each oligosac-

charide,

By using the potateo phogphorylase-glucosewl-phosphate
nixture as deseribed above, 1z'§as readily eesnh (110) that
glucose and meltose had no priming effect with the phosphoryl-
age., Amylotriose was a weak primer and amylotetraose and

higher linear gugars were very good primers. A weak or poor
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Table 1

Mobility* Values for
Linear Starch Oligosaccharides

(6 ascents)

Mol, slze

Gl?@"?’
3’29?99

{}509910

G&. . . [

*Apparent Re
Table 2

Rg Values for
Linear Starch Ollgosaccharides

(1 ascent)
lol, size Mobility 812 Mobill
G « « o o o 0.40 G5« v 0 .. 0,21
G2 o o o o o« 0,20 G4 ¢ « o« » o 0,18

primer gives & spot which stains blue or blue with a red
center with lodine. A good primer will glve, for the sgame
concentration, a spot which staine blue at the edge and a ,
color gvaﬁanlaﬁ through red and brown to yellow in the center,
Subgequent to this iinélag,\th&s;mathﬁé wag uged often for
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the detection of priming sugars as well as for the determin-

ation of the priming abllity of various sugars.

By determining the priming action of various sugars
 obtained through the coupling reactlon of macerans amylase
(168), it was iearned that a chain containing a minimum of
three alpha-l,4 glucose units was necessary for weak priming.
Whether the chain was free amylotriose or whether 1t was
bonded to another molecule at its reducing end seemed to make
little difference, The corresponding molecules containing

a linear chain of four or more glucose unlis were excellent
primers, (By "linear chaln® is meant an unbranched chain of
alpha-l,4 glucose units,) This point is illustrated by ob-
serving the action of phosphorylase on the prineiple compo-
nents of the panose coupled-product. The five membered sugar
wag a weak primer; the six and highér membered sugsrs were

excellent primers,

There occurred an interesting pattern ot priming action
with the components of the salivary amylase digest of amylo-
pectin (See Figure 2). The glucose and maltoge, of course,
had no priming action; the amylotriose had a weak priming
action. The amylotetraose, which diminished rapidly after
the initial stages of the hydrolysis, was a good primer. The
branched tetrasaccharides (By) had no priming action, nor did
the branched pentasaccharides (Bg). The spot corresponding
to the branched hexasaccharides (Bg) had a very weak priming
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Taeble 3

Phogphorylase Priming action of the
Principle Components of the Panose Coupled-product

Priming Priming
, aotion s agtion
2~é4* (panose} none wgwﬂw good
, 0=0=0 .
(e none Qo good
6-8‘ e ona«ﬁma—g

_3~0~ weak o | 0= good
0-0 ' v o o O=0=DuO=0=

* 0~ gignifies a glucose unit (g.u.) with ite redueing group.
eee0=0.,, Bignifies 2 g.u, bonded with an alpha~l,4 linkage,
8... signifies 2 g.u. bonded with an alpha-l,6 linkage.

L2

activity which started to diminish toward the late stages of
the digest. The heptasaccharide (By) spot contalned a very
gtrong inhibitor. The branched 8, 9 and higher membered
sugars were good primers &h the initial stages of the dlgest,
but were degraded. The doubly branched saccharides which
appeared in the later stages were inhibitors of phosphorylase,

Anong the partial acid hydrolysis products of starch were
“the linear oligosaccharides already discussed and a series of
branched compounds., Chromatographic svl&anaé indicated that
the first weak priming sotivity occurred at the branched
$etrasaccharide spot, with spots of all higher branched
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compoundg showing priming activity. No spots of inhibition

could be observed.

The investigations of the phosphorylase limlt dextirins
of waxy malze, obtalned by phosphorolysis and arsenclysis,
ware carried out using two methods., The methods involved the
determination of the products formed by light seld hydrolysis
and by action of Re~enzyme.

- If one subjected a dextirin of this sort to a very low
degree of acid hydrolysis, 1% would be expected that from
branches containing x glucose units, molecules from Gy to Uy
would be formed; only very small amounts of Gy, would be.
formed. Holecules from Gg.e2 t0 Gpy would be formed in small
amounts, but Gpy,q should be produced in somewhat larger

smounts.

X

N

6"’0"‘60.@*‘* .cc‘
Q"Q"c e
;Y"'J

X

The moleculss Gy to Gy and Gox,q could be formed by
hydrolyzing only one bond, whereas the other molecules would
require the hydrolysis of more than one bond., The phosphoryl-
age limit dextrins were subjected to degrees of hydrolysis of
0.005 and 0,01, but ingconclusive results were obtained. No
significant variation in thﬁ amounts of the different
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oligosascharides produced could be obgerved. An explanation
might be that the phosphorylase preparation used contsined a
small amount of alpha amylase. A significant increase in the
golubility of the 1limit dextrin wase noted after the last phog-
phorylase treatment. FPossibly amylase actlon liberated enough
reducing ends which after partisl hydrolysis would have made
the results less clear cut. This could be tested by oxidizing

the reducing groups and repeating the experiment,

The R-enzyme experiments were more satisfactory, although
they were not as good as desired because of the lack of purity
of the enzyme, The products formed from the arsenolysie and
phosphorolyeis 1limit dextring by R-enzyme were glucose, mal-
tose, amylotricse and amylotetraose, The gignificance of the
meltose and glucose formed is questionagble, for they may have
been formed by enzyme impurities from the amylotriose and
emylotetraose, Besldes the four above oligosaccharides, there
appeared to havé been produced smaller smountg of branched
penta-, hexa-, and heptasaccharides and higher malaaular

welght compounds,
Action of Broad Besn Phosphorylase

The first time broad bean phosphorylase was used in place
of potato phogphorylase for a chromatogram spray, it was
asgsumed that the activities of the two phosphorylases would

be the same. This, however, was not the case. It appeared
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that the broed bean phosphorylase requlred oligosaccharides of
one less glucose unit %o give gimllar results to that of
potato phosphorylage. Amylotetracse served ag an excellent
primer for broad bean phosphorylase; amylotriose was slightly
less effective. Maltose was a very weak primer. On the
 chromatograms glucose gave an anomolous effect with the enzyme.
The center of the spot was similar in color to that of the
background, but there was a slightly darker ring around the
spot indicative of a low degree of priming. The branched
saccharides of the salivary amylase digest of waxy maize
starch showed a corregponding difference in effect. The
branched hap%&aaaahariﬁﬁ spot inhiblted the enzyme, but go 4id
the branched hexasaccharide spot. The branched pentasaccharide
gpot wag a wesk primer; however, it had no effect on the

potato phosphorylase.

Whether this difference in the action of broad bean phog-
phorylase ig a true difference in the enzyme's aotlon pattern,
or whether i1t oceurrs because of the co-action of .gome other

enzyme present can not be definitely stated,
Aetion of Other Phosphorylases

The priming abilities of the linear starsh oligosac-
charides were determined for the phosphorylases present in the
aqueous extracts of lima beans, wrinkled peas, jack beans, and
gorn. It was found thai the actions of the phosphorylase in
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lima beans, peas, and Jack beans followed the broad bean
pattern, but the action of the corn phosphorylase resembled

the setion of potato phosphorylase,
Action of Balivary Amylase

In connection with the preparation of the waxy maize
galivary smylsse 1limit dextring, a emaller digest of waxy
maize starch was carried out with a much larger proportion
of galiva, Bome nicororganisms are known %o grow in the
presence of toluene. To check that possibllity it was thought
desirable to aé&artain whether or not the products from the
main digests were the same as those from the smaller digests,
which were hydrolyzed at a much faster rate. As far as could

be seen there wasg no difference in the products.

The small waxy maize dlgest was made by dispersing 10 g,
of the starch in 50 ml. of 1 N. NaOH. After adding 50 ml. of
water, the dispersion was neutraliged with & N, HCl to the
phenolphthalein end polnt., To 52 ml., of this asolution was
added 42 ml. of opentrifuged seliva, Thls gave a 8% starch
digest. This wase kept at room temperature. The progress of
the digest was rallawgd by paper ohromatograme (see Figures 1
and 2).

S8imilar smsll digests were made with potato starch and
ordinary corn starch to mee whether there was g noticegble

difference in the action of aalivary anylase on these starches.
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These digests were followed by chromatograms, and no 4iffer-

encea could be detected,

The extent of action of salivary amylase can be described
in terms of c¢onversion pariéae (169). One unit of salivary
amylase acting upon 1 mg. of substrate for 1 minut« is defined
ag 1 conversion period (1 ¢.p.). A unit of aalivary‘amylasa
activity will convert 1 mg. of soluble starch to the red-brown
end paint‘in 1 minute at 40° ¢. The end polnt determination
is aarriad out by observing the coler produced by 1 drop of
0.1 N. I-KI solution in 3 drops of a 2§ solubls starch digest,
The saliva uged (the author's) had an activity of about 100
unite per ml, (40° C.) or the equivalent of 33 units/ml. at

room temperature,

After the initial very rapid hydrolysis of starch into
maltose, amylotriose and amylotetraose (2.7 ¢.p.), it can be
seen 1n Figure 2 that only diminishihg traces of amylopentaose
(Gg), amylohexaose (Gg) and amyloheptacse (Gy) are pregent,
Significant quantities at‘simplé branched compounds are
already present. The 6, 7, 8, 9, 10 and 11 membered branched
sugaralappear to be formed initially, the 7 and 8 membered
sugars being present in the largest quantities. As the
hydrelysis proceeds, the larger branched sugars tend to be
degraded into a fairly setable series of sugsre composed of
branched 4, 5, 6 and 7 membered sugars, designated as By, Bg,
Bg and Bw,
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When the symbols, Bz, By, etc., are used, it is not
neeessarllyhmaant that they are single compounds, although
they may be. Also when a Bp 1s used in one ingtance it is
not necessarily meant that when ueed again 1t refers to the

game gompound or mixture of compounds,

Knowing something of the nature of the carbohydrate, it
ig often possible to obtain evidence for some features of
structure from papergram mobility (170). It has been obgerved
that with sugars of the same molecular size, but with one 1,6
linkagé in place of one 1,4 linkage, a congistently lower
papergram mobility 1s obgerved for the sugar ocontaining the
1,6 bond. From these considerationg 1t could be recognized
that the series of four sugars resistant to salivary amylase
contained one branch per molecule. In Figures 1 and 2 can be
seen evidence for another series of sugars which mogt likely
contain 2 branches per molecule (BB series). AAahrom&togram
of the doubly branched material only, obtained by the paper-
gram fraatianatiaa of a galivary digest described later,
showed a small spot of BBy, an intermediate sized spot of BBg,
and larger spots of BBy, BByp and BBy, with lesser amounts of
components up to about BBys. Between that series and the
origin is observed a discontinuity which very likely signifies
that additional larger dextrins are present which contain three
and probably more branches per molecule. Qoﬁparativa mobilli-

ties of the linear, gingly, and doubly branched sugars are



Fig. 1. Digest of Waxy liaize Starch by Salivary Amylase.

Paper chromatogram showing reducing sugars,

(a) 2.7 e.p.(conversion periods). (b) 14 c.p.

{e) 656 c.p. (4) 270 ¢.p. (o) Linear oligosaccharide
reference series. (f) 450 e.p. (g) 7756 o.p.

(h) 1250 e¢.p. (1) 2800 ec.p.
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Fig. 2.

Digest of Wexy ilaize SBtarch by Salivary Amylase,
Paper chromatogram ghowing potatc phosphorylase
priming sugars. (&) 2.7 ¢.p.(conversion periods).
{b) 14 e.p. (e) 65 e.p. (4) 270 c.p. (e) Linear
oligosaccharide reference series. (f) 450 ec.p,
(g) 776 o.p. (h) 1250 c.p. (1) 2800 c.p.
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given in Tables 4 and b.

An examination of the small digests after about six
months showed that practically all of the branched material
had been degrsded. A emall amount of branched trisaccharide

wae present,

Chromatograms of the producte of salivary action on a
partial bets amylage limit dextrin of glycogen showed that
maltose, amylotriose and amylotetracse were produced in
nearly equal amounts at 0.12 %o 0.256 conversion periods.
(Amylotetraose probably would not have been formed in signifi-
cant quantities with a true bsta smylase limit dextrin of
glyeageh.) The amylotetrsose had mostly disappeared by 38
conversion periods., Gluscose formation was detectable at 12
conversion periods. The amylatriﬁae had nearly all been
degraded by 2600 conversion periods, The branched 6,k?, 8,
and 9 membered sugars begsn to appear at 1.2 conversion
periods. Bg appeared at 12 conversion perlods. Bg had disap-
peared and By had begun to appear at 370 conversion periods,

A larger proportion of branched compounds and relatively
larger amounts of the doubly branched compounds in comparison
with the singly branched compounds were produced from the
glycogen limit dextrin than from amylopectin (waxy malze).

Fraectionation of the waxy malze salivary amylase limit

dextrins was carried out on paper chromatograms as described
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Table 4
Comparative Mobilities of Llnear and

Singly Branched Oligosaccharides

(7 necents)

Mobility

Mol, size _ Hobility Mol, slze  Mobllity Difference
Gg o . o . 0,67 By o+ o o o 0,56 .12
@ . . . o 0,50 BE o« o « o 0,41 .09
Gg . . 0,37 B8 ¢ ¢ o o 0,30 .07
Gy . . 0,27 By o o o . 0.22 .08
Gg . . 0,19  Bg . e s s 0,16 .03
Gg . . 0.13

Table &
Compgrativa Mobilities of Linear and
Doubly Branched COligosaccharides
{24 agcenta)

Mol, size Mobility  Mol. size obility n%ggéiiigc
Gy . . 0.52 BBy .. .. 0,34 .18
Gg . . 0,38 BB o« o o o 0,27 .11
Gg . 0.28 BBg .« . o o 0,21 .07
o . . 0,20 BB1gp « ¢« « o« 0,16 .04
@7 . . 0,14 BBIy . . » . 0.11 .03
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above, After giving the chromatograms 8 ascents, strips were
cut from them and the different sugars located. The chroma-
tograms were then sectioned into Gy, Gp and G, Bs, By, Bg,
Bg, Bp and BB fractions. Less than 100 mg, of By, about 325
mg, of Bry, gomewhat more of Bg and Bg and approximately 1 g.
of BB compounds were dbﬁaine& by ﬁhia method from a parkien
of the 11m1t aaxtrin mixture,

The very extended action of saliva on pure maltose,
pancse, By and Bm wae followed, The digests were made by dig-
solving the sugarsg in filtered. sgaliva, Papergrame showed that
at 4500 o,p. maltose had been sbout 6% hydrolyzed to glucose.
It was seen by the phosphorylase spray that a perceptible
trace of amylotriose appeared in the digest, which was not
originally present. At 11,000 e¢,p. an estimated 10-15%
hydrolysis to glucose had occurred by 21,000 e.p. At about
66,000 o.p. sbout 50% of the maltose had been hydrolyzed. The
amylotriose had disappeared but small amounts of what appeared

to be isomaltoge (Bg) and By were formed,

5aliva nad only a very slight é&%&eﬁ on panose, A%
13,600 c. p. anly a trace of gluaass could be detected. At
74, 000 e.p. yoaﬂib&y 1% of glu@eme ha& been formed from panose,
Faint syata aarraspamding to maitasa and xaemaltasa could be
geen, and aAlight gpot was seen having th@ mobility expected
for a tetrasaccharide containing two 1,6 bonds.
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The action of galiva on By wae also only slight, but
traces of glucose and Bxy could be detected after 12,000 ¢.p.
At 74,000 c.p. about 1% of glucose had been formed from the
B&, and very light spots corresponding to maltose and Bxy were
geen, In addition a very faint spot having a mobility of
slightly lese than that of a By gpot was observed. The By
compound inhibited potato phosphorylase slightly at high con-

centrations,

The extended action of saliva on the Bp sugar (with a
small amount of Bg impurities) resulted in axtenaiva degrada-
tion, At 7000 e.p. about half of the Bnp had been degraded,
Mostly gluoccse and maltose were formed, a aslight amount of
amylotriose could be seen, a barely detectable trace of amylo-
tetraose was noticed along with moderate amounts of By, Bp and
B;. At 43,000 e.p. most of the Bn had been degraded to
glucose and maltose, A small amount of B; was present, along

with traces of isomaltose, amylotriose, By, By and B;.
Action of Q-enzyme

In a pr@liwiﬁary examination of the action of the
Q-enzyme preparation from potatoes, it was obgerved that amyl-
oge treated with the enzyme became purple-staining with lodine
rather than blue staining. This information was already
available (123), 1t was alsc observed that the action of the
Q-enzyme on Négeli's amylodextrin (171), an essentisglly linear
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carbohydrate, caused a change in the iodine color from red-
brown to r@aﬂiahwpurpla. Also, amyloheptaose, which gives no
fodine gtain, gave a deep brown stain with lodine after treat-
ment with the potato Y-engyme preparation.

Digests were get up to examine for the action of Q-enzyme
on various substrates, uéing a welght of aﬁbatraté approxi-
mately twice that of the engyme powder used, The digests were
carried out at room temperature on 8 0.5 ml, scale with
 digests of about 2% subsgtrate concentration. Thymol was used

a8 a8 preservative.

The effects of Geenzyme preparations from both potato
(Qp) and broad beans (Qp) were obgerved on pure maltose. After
two days glucose and a branched trisaccharide could be
detected. After eleven days the glucose and 33 gpots were
heavier and a trace of amylotriose was detected by the phog~
phorylase spray. A% the end of two months the Qp-enzyme
digest contained much glucose, still much maltose, significant
amounts of lsomaltose, Bx, and amylotriose. A small amount of
amylotetraose was found. 1In the Qn-enzyme digest were found
less glucose and more maltose than in the Qu-enzyme digest,
Less isomaltose and By were found, but comparable amounts of
Gz and G4 and traces of Gy and Gg were found, The digests
were treated with aalivar& amylase, Papergrams of the salivary
digests showed iarge'amounta of glucosge and maltose and moder-

ate amounts of lsomaltose and Bz. The Qup-enzyme preparation

e
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appeared to be somewhat more actlve than the Qp-preparation,
but also contalned more hydrolytic aetivi%y~khén-the Qp-enzyme

preparation,

The initial action of Qp~enzyme on amylotriose g&vak
glucose, amylopentacse and amyloheptaose as primary products.
Afﬁer twelve hours glucose, g small émaant of maltose, amyio—
tricse, amylmtetﬁaase and larger linear sugars were present,
with a Qmall amount of branched a%ﬁp&um&a apparantly conalsting

of Bs and larger branaha&‘aampaunﬁs.

The products of the aetion of Quwenzyme on amylotriose
were very aimilar,féxaeph that the linear ¢ mpounds larger
than amylopentaovse were present only in very smsll amounts,
The maltose was presgent in larger quantities, which probably
glgnifies that an amylolytic activity ie present.

The initlal actlion of Qp-enzyme on amylotetraose gave
glucose, sglightly less amylatrimae, gmall amounts of amylo-
pentaogse and amyloheptaose. After 24 hours tha digest con-
talned glucose, a very small amount of maltoge, a small amount
of amylotriose, amylotetracse, and substantial amounte of
larger linear gugars. It appeared that a emall amount of Bg

and larger branched sugars were present,

The action of the Qp~ and Gp-enzymes on amyloheptaose
followed much the same pattern ss with amylotriose and amylo-
tetraose. After the initisl sotlion of the Qwenzyme prepara=-



81

tlons, all of the compoundsg from glucose to amylohexaose were
present in small quantities, Amyloheptaose and larger com-
pounds were present in much grester quantities., As the digest
progressed, 1t appeared that in the Qp-enzyme digest the con-
centration of Bp and several higher branched sugars inoreased
somewhat. In the Qp-enzyme digest, however, the higher mole-
cular weight 1in¢ar compoundg soon dissppesred, and the digaat
contained glucose %o &wylapaﬂtaeﬁa and iénmaltnsa, Bx and
sumall amounte of gome h&ghar molecular waight branched com-
poundas., No doubt tha R~enzyme aﬁntenﬁ of the Qp-enzyme
preperation wasg responsible for the lack of higher branched
compounds. It appears likely a certaln amcunt of amylase

activity ie responsible for some of the degradation,

The Qwengzyme digests were treated with soybean beta
amylase and salivary amylase. ITsomaltose, By, B4 and small
amounts of several higher moleoular welght branched sugars
were shown to be present in the Qp* end Qp=-salivary digests.
A bata;&mylaae digest of a Qp-enzyme digest gave & By spot
and indications of small amounts of larger branched sugars on

the chromatograme,

Kneen's inhibitor (172), prapaﬁeﬁ from wheat, ia known
to strongly inhiblt salivary and geversl other amylases, Its
posslble effect on the amylase, the R~enzyme or the g-enzyme
in the (p-enzyme preparation wag investlgated. It had no
apparent inhioiting effect at 2ll on any of these enzymes, but
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instead, added more enzyme to the syétam. Its presence
hastened the dlsappearance of the larger linear oligosaccharides
initislly formed in Qp-enzyme-amyloheptaose digests, but did
not signiflcantly change the final composition of the digest.

A digest contalning only amyloheplesose and Kneen's inhibitor
very slowly gave spproximately one molecule of amylotriocse to
two molegules of maitgae,Aané & little glucose. Thig indi-
cates a wheat beta amyl&ae;impurity in the XKneen's inhibitor.

The possibility that the homologlzatlon of the linear
sugars by the G~enzymeé preparations was due teig phosphorylase
inpurity was checked by adding a&merSeharﬂimgaf»ﬁlpha dextrin
to an amyluhepzaas@kdigeat. The alpha dextrin is a very |
potent inhibitor of phosphorylaese, The presence of the alpha
dextrin had no &ppar&at effect on the digest,

Igomaltose was treated with the (p-enzyme preparation
under conditions similar to those of the before mentioned
digests., After 48 hours a chromatogram showed the presemce\af
glucoge, a large quantity of unchanged igomagltose, dextran
trisaccharide and dextran tetrasaccharide. No products were

fbrméd which asctivated potato phoephorylase,

The products from the action of the Qu-enzyme preparation
on panose (4~isomaltosyl glucose) after one week gave heavy
gpots of glucose, maltose and panose, a weak isomaltose spot,

a gpot of a material having the mobility expected for
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4=dextrantrioayl glucoge, and a fainter spot having the
mobility of 4-dextrantetraosyl glucoge., No products were

formed which activated potato phosphorylase.

After the actlon of the Qp-enzyme prepsration on asucrosge
for seven daye, a fructose apat‘an& an erlose gpot were pbeaant
besides the susrose. Erlose 1s a trisaccharide having one
meltose bond and one suerose bond, It 1s formed in macerans
amylase coupling digests with sucrose (110) and by honey |
invertase from sucrose (173), The only reduclng sugaer presgent
waes fructoge, which indlcated the abeence of invertase sctivity
from the preparation. A digest ineluding both meltoge and
glucose, gave after four days glucose, fructose, sucrose,
maltose, smylotriose, Bjx, erlose and the erlose isomer con-
talning one igomaltose bond and one sucrogse bond., The amount
of fmictosge produced was much less than in the digest contain-
ing only fructose, which may be sn indication the enzyme
transfers glucoee units from maltose with greaier ease than

from sucroge.

An experiment to determine whether glucose can gerve as
the acceptor for a transferred glucose unlt was set up using
radiosnctive glucose. The rsdiocactive glucoge wae supplied by
Dr. 8. Aronoff of the botany department. About 0.2 mg. of
radioactive glucose, which gave 2370 counts/min./sq. om. on a
chromatogram, and 0.26 mg. of maltose were combined in a 0.16
ml. digest contalning 0.3 mg. of Qu-enzyme powder and a orystal
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of thymol. The container uged was a paraffin block with a
depression in 1t, The contalner was qmvareﬁ with a nieroscope
cover glass., After one week, the digest was parﬁia}ly evapo~-
 rated and all applied to one spot on a paper chromatogram. A
radioautograph was made and developed after three and one half
weeks., Iﬁ showed a large, intense glucose sBpot, a maltose
gpot and an\&mylatriase spmt. The presence of an lsomaltose
spot could not be definitely shawﬁ, gince 1t would not be well
regolved from the amylotrliose. If present, it was formed in

only small amounts,.
Action of B-enzyme

The maximum of the I<KI absorption spectrum of waxy maize
beta amylase limit dextrin shifted toward the blue end of the
spectrum upon treating with the broad bean Re-enzyme prepara-
tion used in these experiments. Thia phenomenon is used as
en activity index for the enzyme by its dlscoverers (142).
After circumventing difficulties preventing satisfactory reso-
lution of thé components of R-enzyme digests, the enzyme
action on various substirates was investigated., It was dlg~
covered that Qitrana buffer, which was used in the firast
dlgeats, interfered with the proper resolution of the carbohy-

drates on paper in the solvent being used.

Unless otherwise stated, the digests of H-enzyme were

made up much the same ag with the G-enzymes. About twice as
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much gubstrate sg enzyme powder, on a welght bagls, wag uged,
The digests were generally 0.5 ml, in volume and sbout 2% in

gubstrate concentration,

The aetion of R-enzyme on isomsltose was extremely slow,
but glucose was formed in significant amounts after a suffi-

clent time,

Panose was cleaved by R-engyme at & 1ittle fagter rate
than 1aomaltnaa. The only products formed were glucose and
maltose, ae would be expected from a hydrolysis of the 1,6

bond in ganaa@.

After an extended perlod of action of R-enzyme on iso~
meltose and panose, higher molecgular weight ammpeﬂnas could be
detested. Thla obgervation was also made on digeste of other
sugars alfter extended sction. The fact that the products
formed wara‘tha game as those formed from isomaltose and
panose in the Qwénzym@ digests gave evidence for a Q-enzynme
lmpurdty. Isomsliosge, By, Byg, and higher branched sugars were
aleo detected in the sslivary asylase digest of an amylohepba-
oge dlgest by R-enzyme. The presgence of amylase activity was
also detected, for the R-enzyme preparation slowly hydrolygzed
amylcheptaoge to amyiayaﬂtaaaa, smylotriose and msltose.
Amylotetraose was formed only in small esmounts, whiech signi-
fied a predominance of b@ﬁa&%ﬁpe emylolytlc aétivity. But the
fact that the vigcosity of beta amylase and phosphorylase
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1imit dextring was rapidly decrecsed by the R-engzyme prepa~ .
ration gave evidence for the poescible presgence of smell amounts
of alpha-type activity as well, It was seen then that products
formed as a result of the extended action of the R-enzyme
preparation could nat ﬂééasaar}ly be falieé upont to be &

result of the action of R-enzyme itself,

The action of the H~enzyme prepsration wae obgerved on a
mixture contalning B4, Bp, Bg and By obtained fvém chroma-
tographic fractionation of the salivary amylase limit dextring
of waxy malze., Glucose, maltose, amylotriose and amylotetra-
ose were fbrma&, The action of R-engzyme on the doubly branched
mixture gave ss produots, glucose, maltose, Gz, G4, small
amounte of Gg and Gg, somewhat more Gr and lesser amounts of
higher sugars. ?here'w&s no apparent formation of smaller

branched compounds like By, By, Bg, ete.

The action of the R-enzyme preparation on the individual
branched fracticns obtsined from the salivary a&ylaaa limit
dextrin of waxy malze was 1nvéatig&tad‘ With Bg very little
action occurred even over an extended period of time., A4 sumall
amount of glucose was f@rm&&, but only traces of maltosge and
amylotriose were ever detected, The glucose formed was prob-
ebly of significance, but the fate of the corresponding Gx

expected was undetermined,

The produets of R~enzyme actlon on Bp were meliose and
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Gz, which were produced rapidly, Traces of glucose and Gy
were formed, the G4 probably coming from the Bg impurities in
the Bg, Only a 1little over one half of the Bg was hydrolyzed,

the rest remained for an extended period,

From Bg by R-action were rapldly obtained maltose and Gy4.
Small amounts of glucose and Gz were produced, At least part
of the Gx came from Bg and Bnp impurities, Whether enzymioc
action in the preparation causes significant formation of Gx
frﬂﬁ G4 was not certaln, About 25% of the Bg was not readily
attacked by the H-enzyme,

The Bp fraction appeared to be completely hydrolyzed by
R~enzyme to Gz and G4 (see Figure 3). Small emounts of
glucose and maltose were produced, but probably were formed by
hydrolyels of the Gs and G4.

The above results on By, Bg, Bé and Brm give evidence for
the structures of some of the compounds, But the evidence is
insufficient for any definlte structure assignments for the
compounds, Additional evidence for the structure of Bsn, which
is probably a single compound or at most a mlxture of two com-
pounds, was obtained by R-enzyme action on the aldonis acid of
Bn, Thie aldonic acld was prepared by oxidation with alkaline
Ip, uslng the procedure given by French (56), but substituting
Ba(OH)s for KOH. The small portion of Bny which remalned
unoxidized after the treatment was degraded by treating with
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Aotion of R~enzyme on the Branched Heptasaccharide
from: Salivary Amylase Limit Dextrins of Amylopectin,
Digest contained 11.1 mg. of the sugar and 2.3 mg.
of R-enzyme. Left half of chromatogram shows phos-
phorylese priming sugars; right half, reducing
sugara. (1) 2 min. (2) 20 min, (3} 3 hr.

(4) 18 hr.
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0.1 N. Ba{OH)p in a boiling water bath for 30 minutes. The
solution wae acldiflied with Kgsag, the excess lodine extracted
with petroleum ether, and the solution neutralized with BaCOs,
The golution was evaporated to dryness and the dry material
was used to make up the oxidized By (BwOx) dlgest with
Rwenzyme. In the digest Gy was formed, but not Gg. Thie
signified that the reducing group of By waes on the G4 portion
of the molaculé. In line with ite inhibiting action on phoe-
phorylase and 1ts relative resistance to saliva, it is likely

that it 1a elther 0«0«0«~0~ or O~0~0«0=-= or possibly a mixture
Q=0 O=0
of both,

The aotion of R~enzyme was obgerved on the limit dextrinof
glycogen formed by the extended action of soybean beta amylage
and upon the gweet potato beta amylage limit dextirin of waxy
malze starch. The fagt that the glycogen limit dextrin had
been given more extended beta amylase action than the waxy
malze dextrin was reflected in the results. The action of
Rrﬁnz&ma pﬁoﬁueaﬂ glucoge, maltoge, Gx and G4 from both limit
dextring., Maltose wae produced in the largest qaantitias.

(No maltosge could be detected in the original limit dextrinag.)
Following maltose in order of zbundance were Gz, glucose and
G4, Very small amounts of (4 were produced in both dlgests,
less in the glycogen limit dextrin digest than in the waxy
malze 1imlt dextrin dlgest, The waxy malze 1imit dextrin
digest contained a larger proportion of Gg, but the glycogen
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limit dextrin digest contalned a larger proportion of glucosge.

The mnapez of R-enzyme on potato phosphorylase limit
anawuza hag already been awwe&wsw in the phosphorylase

gection,

The action of R-enzyme on waxy malze starch gave a small
smount of glucose, a larger amount of maltose and diminishing

amounts of ollgosaccharides from ma.; Gg and higher,
Structure of Salivary Amylage Branched Limit Dextrins

An attempt to eluclidate the structures of the By and By
components was carried out, since it appeared likely that
these were gingle compounds, The six possible structures for
the branched tetrasaccharides are as follows (see footnote,
Table 3): ,c,v wé;os. (2) 0=0=0-, (3) o;e.md (4) ?m:o.;
{5} mumt. (6) acmact. The six structures considered for the
branched heptasaccharide are as follows: (1) mum:asazcu,

(2) oraiwnmfa: (3) szw ~0=0=, (4) maa;“saa (5) oama »(Q=0=,
Aww almgwnmsoi,

The By component was glven a degree of hydrolysie of 0,38
by treating with 0.198 M. HpS04 at the temperature of a boil-
ing water bath for 40 minutes. The solution was neutrslized

with BaCOx, flltered, evaporated to a smell volume and
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chromatographed. The composgition of the hydrolysate included
Gy, Gg, G, Bp, By and By, Assuming By was a single compound
or esgentlally so, thesc results eliminated siructures 5 and 6
from coneglderation, for nai%her could produce Gz on partial
acid hydrolysie. The correseponding hydrolysis of By after
being een#erted to the aldonic acld (B40x) by alksline I pro-
duced only Gy, Go, Bp and Bz. (The aldonic acids have differ-
ent mobilities and do not reduce the alkaline copper reagent.)
This eliminated formulas 2 and 3, for upen oxidation and
partial aecid hydrolysis 2 and 3 would have produced no branched
compounds, but 3 should have produced Gs. This left strue-
tures 1 and 4 for consideration. An effort was made to dle~
tinguish between the two possibilities by determining the
products from the partial acid hydrolysis of the Bz fraction,
after oxidation, oﬁtainaﬁ.frﬁm the partial aaid‘hydrﬂlyﬁig of
Bg~onic acid. The By fraction was obtained from the By-onic
acid hydrolysls mixture by separation on paper chromatograms
in the way mentioned above. A chromatogram of the partially
hydrolyzed oxldized By fraction gave glucose and an uncertain
indication of the presence of maltose and isomaltose, for the
mixture wag poorly resolved. The presence of these sugars

would indicate that structure 1 was that of B4.

From a congideration of the probabilities that any given
bond will or will not be broken at a deslgnated degree of
hydrolysis, caloulated values can be obtained for the
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proportions of the different products formed from a given
oligossccharide at that degree of hydrolysls. 8uch valuss

obﬁaine& for structures 1 and 4 are given in Table 6,

.Hyﬂxolysatea of Ba and BgOx with a degree of hydr@lysis
of 0,38 were chrematographed, and the relative intensities of
the spots were visuaslly estimated, The atrongest spot was
given s velue of 10 and thaéthera proportional values, The
following valuee were obtalned from the B4 hydrolysate:

Gy - 10, G - 3, Gz - 1, Bg ~ B, Bg ~ 3, and By - 6. From
the B40x hydrolysate these values were obtalned: Gy = 10,
Gp - 1, Bp - 10, ana Bg - 7. By comparing these sets of
values with those from Table 6, 1t can be seen that formula
1 is favored. Further work is necessary before the struc-

ture for B, can be definlitely established,

The atructural evidence offered by the R-enzyme experi-
mente on By was backed up by the results obtained by partial
acld hydrolysis studies. A solutlon of By in 0.198 M. H,80,
wes kept at the temperature of g boilling water bath for 20
minutes to give it a degree of hydrolysis of 0.2, At the
end of that time, the golution wae neutrallized with BalOa,
filtered, evaporated to a small volume and chromatographed,
The hydrolysis producte included Gy - G4 and Bg - Bp. No GS
was produced. Branched compounds formed which primed potato
phosphorylase were included in the By, By and Bg spots. It

algo sppeared as if inhibiting components were included in
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Table 6
 ¢aloulated Amounte of Products Formed by

Partisl Acld Hydrolysls of By and ByOx
(degree of hydrolysis « 0.38)

(1) 8w0~a~ (4) 0-8~c~

R Befors Oxidation —
Gy 0.66* By 0,34 Gy 0.87 By 0,13
Gp 0,26 Bz 0,21 Gp 0,04 Bs 0.42
Gz 0.04 By 0,35 Gz 0.04 By 0.35

 after oxidation

* jJoles produced per mole hydrolyzed,

the By and Bg spots. The absence of Gy from the hydrolysate
ruled out structures 1, 2 and S for By, Also the faot that
branched priming compounds were formed was additional evidence
against structure 1 and probably structure 3. Structures 2
and 6 wauld‘be expected to prime phosphorylase, rather than
agt as inhibitors.

A hydrolysate of BnpOx with a degree of hydrolysis of 0.2
contained Gy ~ Gx and Bp - Bg. No G4 wes present. The same
proportionsg of the phosphorylase priming components of By and
35 were present in both the By and BnOx hydrolysates. The Bg
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spot exhibited only inhibiting snd no priming properties to-
ward phosphorylase., The absence of G4 in the hydralyaata
stood along with the evidence glven with R-enzyme, that the
G4 portion of the molecule heid the redueing group. Thig

eliminated Brp structure 6, leaving only structures 4 and B,

The calculated smounts of products which should cecur in
the Bp and Bp0x hydrolyeates are given in Table 7. The esti-
mated relative amounts which were formed, as judged by the
intengity of the chromatogram spots were as follows for the
Bry hydrolysate (using & value of 10 for the most intensge
spot): Gy -~ 10, Gg - B, Gy and G4 - less than 1, B and By -
less than 1, Bg - 1, Bg - 2, Bg - 3 and By - 3. The relative
intensities of the ohromatogram epots from the BpOx hydro-
lysate were as follows: ¢q - 10, Gp - 3, Gz - 1, Bg ~ 1,
Bz~ 1, By -~ 2, Bg ~ 3 and Bg - 2.

Upon comparing the above figures with Table 7, it can be
seen that formula 5 most nearly fits the results. A bit of
additional evidence in favor of etructure 5 for Bep is the faot
that nearly the same relative amounts of the phosphorylase
priming compounds of the By and By spots are present in both
the By and BrpOx hydrolysates. The priming By compound is
mogt likely ew@ﬁg». The likely Bs priming sugars which could

arise from elther structure 4 or B are Qe and 0:8-.
Qo O-0
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Table 7
Caloulated Amounts of Producte Formed by
Partial Aclid Hydrolysle of By and BpOx
(degree of hydrolysis = 0.2)

(4) o»o~g~a~ (5) o~8—o~o-

Q=0

_Before Oxidation

0.69" Bs 0.01

-0

G

Gy 0,34 Bx 0,04 same

Gx 0.04 By 0,08 y

G4 0.03 By 0.25

: Bz 0,83 ()

By 0.31

— _ .After Oxidation —

Gy 0.49 Bp 0.01 G; 0.49 By 0.01

Gp 0.33 By 0.02 Go 0.18 Bz 0.04

G5 0.04 Bg 0,08 Gz 0.04 By 0.08
Bg 0.04 Bg 0.14
Bg 0.08 'Bg 0.08

* jloles produced per mole hydrolyzed,

By examining structurs 4, o~9*8~¢L, and gtructure 5, o~8-c-¢L,
, 0O 0=-0=

1t can be seen that oxidation of the reducing group would not

alter the amount of priming By formed from elther structure,

The amount of priming Bg formed from 4 would be changed by
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oxidizing the reduelng group. The yleld from 5§ would be un~-

altered,

This structure aéiﬁencs eannot be taken ag proof for the
structures suggested, It has been assum&ﬂythat By and Bn were
1ad1v1dualba0mpeunds. This has not been prﬁvén, and the
results obtained may have arisen from more than one compound,
Though itaﬁtnae slgnifieanaa cannot yet be evaluated, the evi-
dence can stlill be useé a8 a basls for further work on the

problem,
Action of Beta Amylase

After the 1niti&1”rapiﬁ action of beta amylase on linear
oligosaccharides, there remains msltose and a small amount of
amylotrioge, one molecule for every olligosaccharide molecule
containing an odd number of glucoge units. Roberts and Whelan
(65) have reported that amylotriose ie hydrolyzed by beta
amylase into glucoge and maltose at a-slow rate, ?hiayfinaing
hags been confirmed with a eénasﬂtrataﬁ soybean beta amylase
preparation. A digest contalning 6.2 mg. of amylotriose and
3 mg. of the engyme powder in 0.5 ml. of digest was prepared.
Thymol wag uged as a preservative. After several minutes a
slight hydrolyeis was obgerved. After 12 hours at room temp-
erature about 80% of the smylotriose had been converted to
glucoge and maltoge. After two weeka evidence of transglu-

cosldase metion wae present for gpote corresponding to
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isomaltose and By could be seen.

To see whether the beta smylase enzyme preparation had
any action on maltose, a 0.3 ml. digest contalning 4.1 mg. of
maltose and 2.1 mg. of beta amylage powder was set up with
thymol ag & preservative. After 16 hours at room temperature
& slight conversion to glucose was seen, and a trace of Bg
was observed. After five daye about 156% of the maltose had
been hydrolyzed to glucoge. A small Bz spot was present,
Acid hydrolysis studies, exaoctly like those carrlied out on
the phosphorylase 1limit dextrins, were done on the bets amylase
limit dextrins of glycogen and waxy melize. From both limit
dextring were produced glucose, maltose and amylotriocse in
significant quantities. Only traces of G4 and ag were formed,
These results, along with those already observed from the
aetion of Re~engzyme, show that the beta amylase cen rapidly
degrade branch ends to a length of 2 and 3 glucose units,
Judged from the action of beta amylase on amylotriose, 1t is
likely that one more maltose unit is slowly cleaved from the
3 glucose unit stubs, Additlonal evidence for such an occurr-
ence is given by the action of beta amylase on the panose
coupled~product of ma@eraﬁs amylase action. A phosphorylase
priming Bg, O‘O_g-aw, is present which 1s destroyed by the

action of beta amylase. Panose and maltosge are probably

formed,
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That the goybean beta amylase prepératl@n {and goybeans)
probably contains a slight trace of alpha amylase activity
wag suggested by the observation of small amounts of amylo-

triose .in the glycogen 1imit &éitr&n preparation digest.
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to another priming unit. The resson for this 1s quite simple,
After adding one glucose unit to amylotricse, the amylotetra-
ose formed 18 a good primer. After a good priming molecule 1s
once formed, phosphorylase continues to add glucose unlts to

it in preference to a poor priming unit,

The structural feature which dlgtingulshes a poor primer
from a good primer 1s probably the slze. Below a certaln
slze, a molecule probably cannot form a sufficiently stable
complex with enzyme to allow much chance of reaction. The
game reasoning seems to apply to carbohydrate inhibitors of
phogphorylase. If the carbohydrate contalns a portion capable
of good enzyme-gubstrate complex fbrmatien; but ite priming
function is bloocked by a branch or by lack of a non-reducing
end, 1t serves as a potent inhibitor., The By from salivary
digeats and the Schardinger dextrins are good examples,

The priming of thﬁ phosphorylases obtained from members
of the legume family followed a pattern different from that of
potatoes ana corn. Maltosge Qerved a8 a very weak primer.
whether the priming effect of maltose is characteristic of
phosphorylase of these plants or whether it ig a result of
the simultaneous aotion of annthér enzyme has to be considered.
The background color of the chromatograma on which the tests
were run was notlcesbly more purple than the baokground
obtained with potato phcﬁphmrylaaa. This suggested that a

tranasglucosidase action may be forming Gz from the maltose,
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glving rise to & slight priming action. HMaltose on a
chromatogranm was sprayed with the potato phosphorylase~glucose~
l-phoaphate spray %o which had been added a substantial amount
of potato Q-engzyme. No priming by the maltoge was detected.
This etill doee not rule out the poesibilify of ye-enzyme or
gome other enzyme participating., Other proportions of phog-
phorylage and Qeenzyme might have given the effect. Further
purification of the phogphorylases would glve an indicatlon

of the answer,
Actions of Saliva and R-enzyme

The structures for By and By sugare isclated from saiiva
dlgests of waxy malze may be different from those structures
suggested by the evidence. Intultively, the symmetrical
gtructure would appear fto be the nost likely for By.

0f the two likely Bws structures, g:g: -0~ and ﬁmgzgwaua—,
the former ghould be produced in small emounts in sallivary
digests of the panose couplede-produet. Phosphorylase inhibi-
tors are present in small amounts in the Bep position on
chromatograme of these digests., Sugsars of both gtructures
would probably inhibit phosphorylase, though, so such evidence
oarries little weight.

The former By structure together with the Bg structure,

gnﬂwﬂw, would not appear to be compatible wlth any scheme for
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the formation of the branched compounds. The other three
possible combinations appear to be more 11ké1y; If the fol-
’ lawiag gtructures for Bg and By are assumed: 0~g~0~‘&nd
Ow(=0=0=, reagonable gtruatures fﬁr Bg would be e~gw0~ and
O=0 S QO
G~3~G«ﬂ~. The corresponding structures for Bg would be
g.g-"ﬂu and g:geﬂmﬁwg By and Bg are very likely mixtures
containing at least two components each. Other sets of strue-
tures could be devisged as readlily from the other combinations,
Th@rtypa'of structures given for Bg account quite well for the
results of the action of R~enzyme on the By fraction. The Ggp
and Gy produced could come from the first structure, The half
of Bg which 1s not readily hydrolyzed cculd have a structure
like the second model. ©Since 1t has beenf;hown that R-enzyme
spllts off the glucose branch with difficulty from lsomaltose,
panose and Bg, 1t 18 not unreasonable to expect a slmilar
behavior with the corresponding Bg compound. If Bg was oom-
poged of mogtly the second model with s gmall amount of the
firast present, the rapld formatlion of Gg and G4 from the
action of R-enzyme could be explained, However, there isa
11ttle reason for believing that the rate of splitting of

Q«g-9~ by Re-enzyme would be noliceably different from 0-8-0-

or O=0=0«0«~, 4n explanation for the resistance of & portion
Om0

of Bg to the action of He-enzyme 18 not readlly forthecoming.
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One could postulate the exlsgtence of O~$—3~0~G» in the Bg

fraction, but if that were present,,0w0*8w0~0~ would probably
be present, The fallure to detect Gy among the R-enzyme and
partiel acid hydrolysis products of Bp dlscounts that possi-

bility.

The products of R-enzyme saction on the BE compounds glve
rise to intereeting speculation., (4 was formed in moderate
amounts, Gg, Gz and G4 in falrly large amounts, and only
traces of G and Gg were formed, A larger amount of Br was
formed. Exsmples of possible types of siructures for the

doubly branched oligosaccharides are ga «Qw(wl=0=0= and
Qoo O

0-Q~0=0=, The first is suggestive of the Staudinger

0-0-8

hypothesis of branching in amylopeetin: the second resembles
Haworth's model. The G4 formed by the action of R-enzyme
could have come only from the second type structure. The
amount of Gv formed could have been formed only from a struc-
ture of the first type structure. Thle demongtration of the
exigtence of both types of doubly branched compounds is more

evidence in support of the lMeyer formulation for amylopectin,

The action of R-enzyme on waxy malze starch with the for-
mation of oligosaccharides from Gy to Gp and larger molecules

shows that the branch lengths in amylopectin range from 2
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(poesibly 1) to more than 9 glucose units. The diminishing
yield of oligosaccharides of increasing slze probably reflects
the relative ease of hydrolyzing off the dlfferent branch

1 eng ths.

The significance of ih@ glucoge formed in the R-digests
was dlfficult to ascertain. Giueaaa wag produced in =211
insgtances, in larger quantitles from some substrates than
otherg., ©Some of the glucose formed 1ls no doubt a result of

the aotion of @~ or other enzymic impurities,

Whether the transglucosldase action of several samplesg
of saliva is a result of the action of salivary amylase 1is
subject to queetion. The saliva used was not purified, so
other posgible enzymes from saliva or autolyzed basteria in
the saliva would have & chance to aot if pregent., The occur-
rence of & transglucosidase action for salivary snylase would
not be entirely unexpected in view of the similar properties
of other hydrolytic engymes. It ie felt by the author that
the very slow hydrolysis of maltose to glucose by saliva is

an action of the salivary amylase.

The observation that By was produced from maltose by
trangglucosidage action in saliva, and the fact that Bx was
formed in galivary digeste of amylopectin raised the question
congerning the origlin of the Bz in the amylopectin digests.
Whether 1% arose by hydrolytic action or by transglucoslidase
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actlon is at present unknown.

The detection of maltose in the sallvary digest of panose
and of traces of amylotriose and smylotetraose in the salivary
digests of Bn raises the question 88 to whether saliva contains
any 1,6-amylage or ﬁ%as%@viky. If so, this agalin could be due

to other engzymes present,
Action of Q-enzyme

There is a possibility that the observed action of the
w-enzyme preparations on the low molecular welght oligosac-
charides gtudled was that of another enzyme. However, in
view of the fact that the action of the Q~enzyme preparations
from both potato and broad beans appeared to be identical
{except f@& hydrolytic aetivity in the broad bean preparation),
1t would seem that the action observed was actually due to

The rate of action on maltose was much glower than on Gz,
G4 or Gp, and more 1,6 bonds than 1,4 bonds were synthesized,
With Ux, G4 end G, though, G~enzyme causes a more rapid
redistribution of 1,4 bonds than formation of 1,6 bonds. With
amyloge, the formation of 1,6 bonds probably predominatee.
whether a 1,4 or a 1,6 bond 18 formed probably depends upon
the nature of the enzyme-gubgtrate complex formed and the
number of non-reducing ends present, The presence of rela-

tively few non~reducing terminals in amylose no doubt greatly
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The action of (~-enzyme on sucrose demonsirates a possi-
bility for the mechanlism of gynthesgls of the initlal phog-

phorylase priming materials needed for starch synthesls.

The metion of Q-enzyme on igomaltose with the formation
of dextran trisaccharide ghows there le a poseibility, although
extremely unlikely, for the occurrence of successive 1,6 |

linkages in atarch,
Action of Beta Amylase

~The relation between the rates of the hydrolysis of
smylotrioge and of maltose by the soybean beta amylase prepa-
ration is comparable to the relation between the rates of
hydrolysis of these supgars by saliva. Ag in the case of
galiva, the transglucosidéation reactions with maltose pro-
geeded at & rate sglower than the rate of hydrolysis. The
possibility th&t these actions on maltose by the bets amylase
préparat&cn were & result of the action of enzymliec impurities
magt be borne in min&; Buﬁ it is not unreasonable to expect
that beta amylase 1tself is reapensibla. The lack of previous
recognition of these reactions may he due to their very slow
rate and to the lack afispeaifi@‘sansitive methods for deter-

mination of the products.

Additional similarity in the limlts of sction of salivary
amylage and beta amylase is ghown by the gimilarity in the
lengths of branches left after degradation., The salivary
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amylase 1limlt dextring contaln branches of one to three
glucoge units in length. The same is true of the beta amylase
1imit dextrin of anylopectin, ss determined by Reenzyme and
light aeid hydrolysis.



90
SUMMARY AND CONCLUSIONS

1. Potato phesphorylase 1limit dextrins were prepared
from waxy malze starch., The length of the lmngeat periphﬂral
branches of the 1imit dextrins was determined to be 4 glucose

units by the sction of ﬁmehz?ma.'

2. Impure preparations of phosphorylase frbm'séeda of
geveral legumes were w&akly primed by maltoaé. Thege phosu
phorylases were different fromlpotato phoaphcrylasa, which

was not primed by maltose.

3. Q-enzyme catalyzed reversible transglucosidase action
on 1,4 bonds of starch. This action cauaa& the formstion of
homologous compounds of the linear series from s givén linear
starch oligosaccharide, @-enzyme also oatalyzed reversible
trensglucosidase action on 1,6 bonds glving homologous com=
poundg from lsomaltose, Q-enzyme catalyzed the transfer of
1,4 bonds over to 1,6 bonds. This reaction has not been shown
to be reversible, Q-enzyme catalyzed the transfer of the

glucose unit of sucrose to form 1,4 and 1,6 bonds.

4. Salivary amylase catalyzed the formation of sgeveral
geries of branched dextrins from amylopectin. These compounds
were relatively atable in the presgence of saliva. One aériss
contained one branch per molecule, another two branches per
molecule. Series contalning more than two branches per

molecule were no doubt formed.
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8. Reenzyme catalyzed the cleavage of 1,6 bonds in
starch degradation products and a limited amount of the 1,6
bonds in amylopectin., Single gluccse branches as in
lgomaltose, penoge and the branched tetrasaccharide from
salivary amylase digests of amylopectin were hydrolyzed off
slowly. Branches of‘ﬁw& and three glucecse units were
hydrolyzed off more rapidly, but the rate diminiehed for

the larger branches,
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