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I. TIWTRODUCTION

In the pasgt fifty years a tremendous amount of work
has been reported on probleme related to etarch. Not
only is ite structurs very complicated, but blologleal
problems are involved as well. Many of these problems
are of great interest to commerclal concerns engaged

in the utilization of starch.

The many snd varled enzymes asssocliated with the
breakdown and synthesis of starch have been thoroughly
gtudled. This has led in many csses to a precige
working knowledge of the enzyme mechsnism. Such systenms
h&vé in turn been of grest vslue 1n revsaling structural
detalls of starch lt=elf, supplementing the classical

methods of organic chenmlstry.

%alivary amylase is 2 well known hydrolytie starch
enzyme. However, there 1s as yet no universsl agreement
as to its mechanism. Clearly more informstion is
required before agreement can be attalned. It would be
of value in formulating s meohaniem 1f more were known
sbout the sgpecificity of the enzyme toward the varlous

bonds present.



It was the primary purpose of these studles on
galivary amylase to isolate and characterize some of
the intermedlary hydrolytic products, particularly the
branched limit dextrins. The formation of such inter-
msdiary hydrolytic fragments demonstrates that some
bonds are more resistant because of thelr location in
the astarch chailn. The experiments with redloactive
oligosaccharides alsoc yield information as to the
relative specificity of the enzyme toward glucosidle
bonds that differ only with regpect to their location
in the chaln.



IT. REVIEW OF THE LITERATURE
A. Btarch

Starch, being one of the basic foodgtuffs and of
very wide Qﬂaurrﬁnﬁé, has been the subject of conslider-~
able investigation. Farly research based largely on
methods of organle chemistry (methylation, periodate
oxidation) was successful in elucidating the main
features of ite chemical structure. Accounts of these
studies can now be found in text books {1, 2, 3). 1In
additlion, reviews on starch have appsared from time %o

time in the chemical literature (4, 5).

Starch generally 1s found to consisgt of amylose
anﬁ amylopectin. OGlycogen is an amylopectin-like
material derived from animal sources. Amylose has been
successfully separsted from smylopectin by eleotro-
decantation (8) and warm water extraction (7). The
most useful method, howsver, le the butsznol precipi-
tation technique of Sshoch (8). The amylose Traction
eongists of long chaln polymers of De-glucese united in
&-1,4 bonds. Hecently some evidence has appesred that
thie simple plicture may not be sltogether correct. Feat

and co-workers (%, 10, 11) have lsolated an enzyme



(Z-enzyme) from 2 -amylase which appears to hydrolyze
beta linkaéas. Thelr purified A-zmylase only partially
hydrolyzes smyloge. ‘“hen Z-enzyme is added, however,
the raaction goes to completicn. The bets linkages
wherever they occcurred in the chein, would halt the
normel endwise attack of B-asmylase from the non-
reducling end. Thls 1s 1n confliet with MHeyer et al.

who report that erystslline malt A-amylase completely
hydrolyzes smylose {12). |

The amylopectin fractlon has a highly brasnched
structure. Some specles of plants produce smylopectin
which is free of amylose, for exsmple, waxy malze.
Amylopeetin eontains in addition te O-1,4 links, some
X~1,6 links. The -1,6 links are the sites of
branches. The number of glucose units between branches
may vary from specles to specles and slso with the age
of the plant {13). The aversags number of glucose units
in cuter and inner branches of varlous glycogens and
amylopecting haeg been determined by sn enzymatic method
(14). The average number of glucose units for mature
corn wae found to be; outer branches - 6.9, inner
branches ~ 5.0, Jone starch fractions, clasgified as

amyloses, actually have a low degree of branching (15).



By following the rete of glucose production by the
enzyne amylo-glucceidase (see Ssetion 1T, 0J, Xerr gt
al. could dlstinguieh between slightly branched smylose
gnd mixtures of agmylose and amylopeotin. The conclusion
wag reached that potato and taploos amylouses econtain a

large proportion of slightly branched molecules.

'ﬁranehing at sites other than position 6 in
glycogen hae been claimed (18). Complete methylation
of glycogen followed by hydrolysis should give dinmethyl
glucose from the branching polints and tetramethyl
glucose from the end groups. The dimethyl glucose
fraction isolated by these workers was found to consist
malnly of 2,6-dlmethyl glucose with some 2,3~ and I,6-
dimethyl glucose. The guthors wers thus led to belleve
that branching occurred primarily at position 3. This
work has since been checked with glycogen ané amylo-
pectin, using the perlodate oxidation technique (17).

A glueose molety conhtalning brenches % pesitions 3 or
Z would be unattacked by verlodate. Estimation of the
zlucoge produced convineed the authore thst branching
at these sites leg ingsignificant in both glycogen and

amylopectin. Indeed, the traces of glucose could very

well have come from incomplete oxidation.



B.  Alphs Amylases

The litersture on the starch enzymes has besen
thoroughly reviewed by wild (18). It would be desir-
sble, howevaer, to restate some of the pertinent faets
regarding X-amylases. Aall K-gmylsses have one fenture
in common, the ability teo hvdrolyze the intsrnel «-1,4
linksges of starch lesding to the formation of dextrins.
As a elass of enzymes thelr resgtlon mechanisme are
distinetly different from those of A-smylase and amylo-
glucogldase, which operate from the non-reducing end.
The latler enzymee yleld maltose and gluccse respective-
ly. Human sallvary amylasse was guccessfully cryetsllized
by teyer et al. (19) in 1948. COprystsllization of =wine
pangreatic smylsee (20, 21, 22) and of human pancreatic
amylase (23, 24) was also achleved. It 1s interesting
that human panorestic snyloge and human sallvary amylage
not only hed the same aotivity, but appesrazd to be
identioal echemlieally. Swine pancrentlic amylsaze was
dLfferent chemieally; however, 11 seemed Lo have
identical hydrclytic setlon. Rescently z more repid
method for the crystallization of swine psanereatic
amylage haa basn reported (25). Yome other -=mylases

now reportsd to have been erystallized, are melt amylase
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from germinated barley (28) and s bactsrisl amylase

from Bagillus subtilus (27).

Early investigators came to the conclusion that
K-amylaseg operate by a rendom type mechanism, grsdusl-
ly breaking the starch shaine intoc shorter and shorter
dextring {28, 28). Ohlsson'‘s experiments were performed
with malt ON-amylase and his results demonstrnted an
incresss in non-dializable particlee during the early
phase of the reaction. Elmiler concluslons were reached
by Freeman and Hopkins (30) using mslt d-amylase and
pancreatic amylasa. Aleohol fractionation of the
partlally hydrolyzed material ylelded samples whieh
contained maltose bub must have contalined dextrins

because of their low redusing values.

More recently Bernfeld et al. (31, 32, 33) reported
on the depradation of amylose by malt Neamylase. They
concluded that all O=1,4 bonds were hydrolyzed with
equal facility except the terminal bonds. Again
Caldwell et gl. (34, 35, 36) using pancreatic asmylase
observed that there were produced in the early stages of
the digest, guantitles of low moleculsr welght sugars

which were hydrolyzed much more slowly. They felt that
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the reaction was probably random in the early stages
but departed from it as the reaction progressed. No
atﬁampt was made to identify the low molecular weight
sugars that were formed. This is a characteristic weak-
ness of most of the articles appearing on K-amylases.
Using paper chromatography French et al. {3?. 38) have
conclusively demonstrated that ﬁh@ products formed by
the asction of salivary amylase on amylodextirin are not
in accordance with whaet would be expected from random
ywhydrelyéia. In the early stages maltose (Gg), amylo-
triose (Gz) and amylotetraocse (G4) are the chief products
formed. There were only traces of oligosaccharides in
the Gg and higher range. rThaaa are certainly produced
in the random hydrolyeis Wy acid. The enzyms, however,
can be made to operate by random hydrolysis if conditions
of unfavorabvle temperature and pH prevail. The authors
held that the action was entirely explainable by an
enzyme cage effect resulting in multiple scission in

\ & localized area of the moleculs.

There is evidence that the various O(-amylases may
differ in their mode of reaction. Meyer and Gonon {39) |
studied the hydrolysis of amylose from potato and from corn
with erystalline swine pancreatic amylase and crystalline



s

nalt Keamylase. The affinity for oligossccharides of
intermediate length ls consldersbly less than for
snylose in the case of malt O-amylase, ¥ith pancre:ztic
gmylese only a slight difference could be observed,

Both enzymes hydrolyze amylotriceses slowly to yield

glucose and maltose. Hallvary amylase hydrolyzes chainse

of intermedlate lenpgth almost as foet se amylose 1tigelf
(40). “helan et al. (41, 42, 43, 44) have obtsined
results in agreement with the random hydrclysis concept
of Meyer and Bernfeld (Z3). If the concept were true
then at the end of hydrolyslie one should find only
maltose and smylotriose. These must resist the enzyme
since they contain only terminal linksges. The ratio of
maltose to amylotriocse can be c¢aleulstsd on the bseis of
this theory to be 2.35:1, Their experiments congletsed of
allowing selivary smylasge to resct with amylese untll no
further incresse in reducing power gould be demonstrated.
The products were then sepsrsted on a carbon column,

They found that indesd msltose and smylotriose were the
sole products and were in the corrsct ratlio predicted by
theory. They were un&ble‘ta gonfirm the hydrolysis of
amylotriose. Again the nature of the preducts present

at esarly stsges of the reascticn does net appesr to have
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besn investigsted. They were szuccessful in Lleolating by
oarbon ehronatography menmbers of the amylose szeries from
Gz to Gy (from a partial scid hydrolysls of amylose),
These were subjectcod to sallvary smylsae and the end
producte were sgonrated by carbon chromatography and
were found to conelst only of maltose and amylotricse in
the oorrect rotic. fmylotetrocse ylelded only maltose;

this was alee demonstrated by Pozur (45).

It ehould be stated at thls polnt that if one were
to start with an equlmolar mlxture of Go, Gz and 04,
which are the intermediate oroducts formed (38), asnd
were to allow it to roact with sslivary asmylase until
the G4 was completely converted %o maltose one would
ocbtaln very nesrly the sams ratic as predictsd by
Meyer's theory. Gz ie¢ hydrolyzed sgo slowly that no
fietzetable smount of gluccse and maltose could come from
this source at this stege of hydrolysis. It would thus
eeam that the terminal linkages are indeed much mors |
ragiatant to hydrolysls than internal linksges, but
hydrolyasis of intesrnal bonds cannet be & simple rondon 3

tyce phenomenon,

It has long been recognized that amylopectin is
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not completely degraded by -amylase. It was noted in
1937 (46, 47) that after extended action of malt there
remein the limit dextrins, oligosaccharides which

contain the "anomalous* links of the starch chain.
Possible anomalies considered at that time were links
other than (~1,4 and substitution by phosphoriec acid.

It is now recognized that substitution by phosphoric

acid in the 6 position as esters, occcurs in root and

tuber starches (48). The malt limit dexirins have since
been shown by Myrbick and Ahlborg to contain an average of
one «l,6 bond per molecule {(49). Two thirds of the
dextrins had an average chain length of six. Tetra- and
trisaccharides were present.’' The methylated trisaccharide
was shown to have the (-1,6 link. Pancreatic and
salivary amylase yield limit dextrins with somewhat
longer average chain length (50). This is another
instance of a difference between malt amylase and

pancreatic and salivary amylases.

The dextrins themselves are slowly attacked by the
o -amylases. kxtensive hydrolysis of amylopectin by
erystalline malt amylasse or erystalline pancreatic
amylase yields as end products glucose and isomaltose

(51). This was accomplished if maltose was removed by



fermentation since it inbibits the enzyme. However pure
maltoee was degraded by both enzymes whereas lsomaltose
wae completely unsffected. The hydrolysie of the limit
dextrins themgelves ie extremely slow and it 1s not
surprising that workers in this fleld hsve regarded then
as completely resistant end products. Roberts and
whelan (52) thus reported that a %ranchad pentasaccha~-
ride is the lowest molecular welght 1imit dextrin formed
by the sction of ssllvary amylsse on anylopectin, Thege
authors speculated on the constitutlon of the dextrins.
They regarded the three links adjscent to the -1,6
bond as completely resistant %o sttack by the enzyme by
virtue of their location. The structure of the penta~
gaccharide they postulsted to be as followe: g:g”e“*.
Higher molecular weight dextrins are formed by adding
one glucose unit to the various ends of thle basle
structure, leading to dextrine contalning from flve to
eilght glucose unite. The central location of the -1,6

bond was also favored by %yrbﬁck (53)., He suggested

#In thls type of structural represzentation, the
circles refer to glucose units, the horizontsl bars
between cireleg are o-l,4 bonds, while the verticsl
baras are 0-1,8 bonds. It is customary to indlcate the
redueing glucose unit wlth a short bar and to place that
unit at the right hand side of the diagram.
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that further degradation by amylsse results most prob-
ably 1n the removsl of usltose from the non-reducing
ends. Wild (18) has examined the 1limit dextrine by
paper chromatography at various stages in s sallvary
amylase digest. At early stagee there are four singly
branche& limlt dextrins desipgnated as Bg, By, Bg and Bg
correaponding to the number of gluccse unlts. Shortly
after the hydrolysie of 04 2 By sppesrs and Bg hss been
hydrolyzed. Thle stage ls accompanied by a great de-
ereage in the rate of the overall resction, as messured
by reducing sugar value, and may be the one to which
Whelan and Hoberts (52) have carried thelr digests.
These compounds are in turn degraded ilnto s sel of By,
Bs, Bg and By dextrins which are a good deal more
atable. At lesst one other zeriee of dextrins is
present at thle stage corresponding in mobility to a
doubly branched sget of compounds from @ te 12 glucose
units. In sdditicn some other high mcoleculsr weight
Gdextring could be discerned contalning more than 13
glucose units. Wild isolated a few hundred milligrams
of the various singly branched dextrins by paper
ghromatography and carried out structure determinations

on them., R enzyme actlon on Byp and the oxidized By
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a 1) ’ . s b < ¥ A 3

enonstrated that i1ts structure waa either g:g:i“g*

or g:g-a %=, with evidence favoring the latter. The
uge of R enzyme on the other dextrines @avé less eon-
clugive results because of the slow rate of resction.

Partisl gcld hydrolyales of By and oxidlzed By ylelded

results indleating the structures z*o“ﬂ“ or @“i'ﬂ*.

C. Amylo~glucosidaszes

The amylo-glucosidases are zble to hydrolyze
X -glueoeidie linkages nroducing glucose. Members of
this class of enzymes which sre able to coperate on
polysaccharides were recognized by Xerr and co-workers
(54, 55). An amylo-glucosidase from Aspergillue niger
N.R.R.L, - 3368 #1 produces exceptionslly large ylelds of
glucose (56). A eareful study of thls enzyme by Kerr
et 2l. (57) indicated that it operatess from the non-
reducing end of the starch molecule like A-smylase, but
gplitting out glucose. The enzyme was freed from o~
amylagses by treatment at pH = 2.2 at 5°C for seven days.
Reaotion kinetics approximatsd first order which would
be expected if the enzyme opersted only by removal of
non-reducing end groups. Digests examined by paper

ehromatography showed gluccse as the only lower sugar
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formed. The unconverted amvlose residue at different
times during the firet half of the hydrolysis was found
not to change materislly iﬁ degree of polymerization as
messured by lodlne spectrophotometry. The initizl rate
for corn smylopectin was 4.5 times the inltisl rate for
corn amylose, but the rate for amylopectin decressged
abruptly to & lower wslue st about 807 hydrolysis.

These resulls were interpreted thal the enzyme must
operate terminal-wige by a2 single chaln mechanism.
Somewhat like @g-amylase, branching points introduce
barriers over which the enzyme can cross with 4ifficulty.
The smylo-glucosidase of Clostridium acetobutylicum (58)
appears to operste by a nmulti-chain mechaniem. It
degrades amyloheptacse in successive stages %Yo Gg, Gg,

G4, 63, Gp and finally to glucose.

The amylo-glucosidase from Rhirzopus delemar hase
been purified and studied (59, 80), Referred to as
gluc amylase by these suthors the enzyme 1lg similar to
that of the asmylo-gluccsidase slresdy desceribed. The
suthore found that it degrzded hoth amyloge and smylo-
vectln very completely. There was no svidence for the
formation of a2 1limlt dextrin with amvliopectin and

reducing values corresponded to S0% gluccee. Low
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molecular welght sugars other than glucose, hot 1denti-
fied, apveared only near %the end of the reaction.
Apparently the enzyme can either by-pass the o(-1,8
1ink or hydrolyze it. MNo conclusive evidence for
elther was presented except that the enzyme had no

action on lsomsltose or dextran.

I, 1-Phenyl Flavazole Derivatives

1~-Phenyl flavazole derivatives of reducing sugars
were first deseribed by Ohle (81, 62, 63, 64, 65). The
flavazole reaction 1s 2z condensstion process whereby a
reducing sugser cenﬁénaes with o-phenylene diamine to a
quinoxaline derivative in the presence of a dehydrogen-

ating substance.

¢ Srmmng
H~G—OH L
H~ —OH

NH@ *  H-C-OH

In scetlic acld sclution containing phenylhydrszine a

further condensation cecurs ang follows:

B0, oy Oy
o b.-c: . @ o HAc s ¢=N
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The resulting yellowleh orange compound is a pyrazoloe-
3',4'12,3-quinoxaline sugar derivative gnd is called a
flavazole. 'The yhenylﬁyﬁraaiéﬁ, in sddition to becoming
part of the flavazole molecule, serves as the condensing
agent, belng reduced to anlline and smmonis. Hence an

gxcess nuet be used.

The flavazclss are useful é@riVatiVé@ for structure
determination of unknown csrbohydrates. If positions
4 snd & of the sugar are unsubstituted, periocdate
oxidation will yield lephenyl flavazcle zldehyde, a
erystalline compound rsedily identlified by 1ts nelting
polnt (62, 66, 67).

E. Mapcerang Amylsse

The formatlon of the Schardinger dexiring by the
organism Baelllue magerang was attributed by Cori to
a glucosidic exchange reaction (68). He postulated that
the (-1,4 zlucosidlic bonde of starch or other linear
glucosgldic dextring are ftransferred by pacerans amylase
in such a manner that a c¢yelic dextrin ls formed, as

follows?



starch ok=~dextrin
Due to the swall energy changes involved 1% ie not
surprising that the resction wsee found to be raversible
(68). O~Dextrin and a co-gubstrate such as glucose,
methyl glucose, maltose, sucrcse, celloblose, malto-
bionlc aaiﬁ or panose were Lreated with the enzyme and
linear dextring were formed by coupling wlth the Cow
substrate. The 1niti§1 reaction 1g 11llustrsted with

glucose:
+ o — 0-0-0-0-0-0-0-,

The linesr dextrins could also underge coupling leadling
to a redlastribution of chaln length (70). Electro-
phoretic studies indlicated that two moleocules of G
react to produce Gy and G10 as Zollows:

2 Ol P Crerl O OO e e S e
sther redistrivutions of the same type {(termed homclo-
Zizing reactions) soon produce a whole array of oligo-
saccharides from Gy up. 1If the co-substrate 1s panose
two coupling sites are avallable (?1). <ligoasccharides

of the following type ars produced: i*&”; > ?*¢~,
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IIT, MATERIALS AND METHODS
A. Chromatography

The paper chromatozraphie tschnigues and materials
are these described by Wild (18). One other developlng
solvent was found to be useful for the flsvszoles. Thleg
was saturated methyl ethyl ketons, prepared by simply
shaking a contalner of water and methyl ethyl ketone.
After the agueous phase settiled cut the upper organic

phase was decanted s2nd used ss requlred.

The carben chromstographic procedure was essentiale
ly that of “histler and BDurse (72). A much largsr
column (7 cms. dlameter contalning 40C gms. of 50:50
celite - Norit) was found to function satisfactorily.
FPor gsome experiments raeported here, a rarticularly
large volume of solution had %o be passed through the
colunn. The flow was spesded up te two drops per |
second by maintaining a hydroststic pressure of about
three feet. The eluting solution in an overhead
contalner was fed to the column by tublng through an

alr tlght gtopper.
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B. Analvtinel

Reduecling sugsars were determined by the leodemetric

oxidation method of Caldwell et al. (73).

C. Carbohydrates

1. Anyviodextrin

Amylodextrin wae prepared sccordling to the pro-
cedure of Nageli (74), with some modifieatione. Twelve
pounde of potato starch and fifteen liters of 167
aulfaﬁia a0id were allowed to stand in = stoppered
container for three and one hallf months. During this
time the contents were freguently sglitsted. After this
time, the materisl was waghed free of egulfurlic aclid snd
dilssolved in elght volumes of hot 504 ethyl sleohol.
forit was ndded znd the solution wass filltered through
celite and &.%w.l filter pad. The crycstele which
deposlited were collected and s portion wss recrystsl-
lized, waghed with n-butavol and dried. Thes experiments
reported here sre with the twice crystslilzed mzteriszl.
The average chain length was twenty-flve glucose units

as determined by iodometrie oxidation (73).
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2. Maltosze
Mgltose wae obtalned by the azetion of L-amylase

oh potato starch. Three pounds of potate starch were
gelatinized in elghteen liters of water, sterilized,
cooled and adjueted to pH = 4.6 (phosphate buffer).

Then ten grams of ether extracted goybean mezl were
stirred in. The aige$% wag covered with toluene and
allowed to stand for two weeks. The limit dextrins were
then preclpitated with one and one half volumes of
methanol. The flltered solution was concentrated to
about two liters and ethanol was sdded until the
sclution became cloudy, whereupon a smgll amount of
syrup separsted. To the decanted clear supernatant,
three volumes of ethanol were added. Crystallization
was complete in about anaﬁﬁﬁak. Recrystallization
ylelded two hundred grams of maltose. A 107 solution of
this materisl when spotted on a chromatogram, showed no
trace of other reducing or priming sugars:

ao°
[CK]D = 111.7°, theoretical for maltose.HpO = 112°,

Large quantities of waxy maize limit dextrinsg were
available from the experiments of Wild (18). These

contained glucose and maltose in addition to the
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dextrins.  The aingly branched dextrine conslsted of

compounds from By to B,

4. Amyloheptsose

The amyloheptacse used was a stock reagent, pre-
pared in this laborstory by controlled scid hydrolysis
of B-dextrin (75).

5. BRsdioglucose
The radiogluccse was supplied by Dr. S. Arcnoff.

6. Schardinger dextring

Cyclohexaamylose { O~dextrin), cycloheptaamylose
(f~dextrin) and cyelooctaamylose ( V-dextrin) were
evailable. The preparation of these hae been de-

scribed (78).

' Enzymes

l. galivary asmylsse

The salivary smylase utilized in all experiments

was freshly ccllected and filtered esch time.

2. Amylo-glucosidage

The amylo-glucosidsse used wee a commerolal
preparation "dextrinsse®, obtained from the Delta

Chemical VWorks, Inc.
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IV, EAPERIMENTAL
A+ 1-Phenyl Flavazole Derivatives

The flavazoles were used in this research for
tagging the reducing end of the oligosaccharides obtaine
ed from sallvary amylase digests. Upon degradation of
the flavazole derivatives by enzymes or acid, fragments
containing the flavazole unit sre produced. The
identification of these fragments and the reducing
sugars produced was of value in formulating the

structures of the orlginal ecarbohydrstes.

The preparation congisted gimply of heating the
reaction mixture in a closed tube at 100°C for five to
eight hours. The following proportions of resgente were
enployed: one mole of sugar, four moles of acetic acid,
cne mole of o-phenylene dlamine, five moleg of phenyl-
hydrazine hydrochloride, ten liters of water. 1In some
experiments flavazeles were prepared with as 1ittle as
2 mgs. of carbehydrate. 1In such ¢ases 1t became very
difficult to determine the exact amounts, and generally

an excess of reagent was used.

The method of purification depends upon the



moleculay welght of the carbohydrate. Those derivatives
of three glucose units ard lesg preciplitate out as the
resction progresses. They can be convenlently purifled
by recrystallization from n-butanol, glaclsl scetic

acld or n-butahocl -« n-proponal - water. Those
derivatives of more than three glucose units sre scluble
in the reaction medlum. Thls fazetor made 1t necessary
to purify them by paper chromsbtography. Two solvents
were employed, saturated methyl ethyl ketone and 3:4:86
{3 parts water, 4 parts pyridine snd 6 parte n-butanol).
A tabulation of the Ry values of the varlous flavazoles
prepared in the course of this resesrch will be found

in the appendix.

- Be. Amylotrliose and aAmyloteirasose

According to the literaturs already cited (38) a
salivary amylase - amylodextrin digest produces maltose,
amylotriose and amylotetraose, snd only traces of the
higher members. A good souroce of smylotriose and amylo-~
tetraose was prepared by sllowling the resetion to
proceed only to the achromle point before inscotivation
by heating. The maltose was then removed by fermenta-

tion. When the galivary smylase reaction was allowed
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to continue ten times as long the smylotetraose was
completely hydrolyzed and preparations consisting
essentially of amylotriose were obialned sfter fermentn-
tion. The amylotriose itself 1s hydrolyzed only to a
small extent at this stage of hydrolysls. This 18 a
convenlent way to make amylotriose, but the shorter
hydrolysls period is essential if one desiree amylo-
tetracse as well. Such digeets invariably contsin some
high molecular welght materlials. The concentration of
these was considerasbly reduced by precipltation with
90% methanol. The methanol extract was then concen-
trated to a thick syrup and subjected to further
resolution on a carbon eglgmn. The resgults obtained
from two grams of syrup are recorded in Table l. A
total of elght grames of syrup was trested in the same
manner. By combining the sppropriate fractlions 3.1
grams of trisaccharide and 1.6 grams of tetrasaccharide

were obtesined, as determined by lodometric oxidation (73).

Flavazole derivatives were prerpared and orysisl-
lized from n-propancl - n-butanol - water. HNo reports
of s erystalline derivative of amylotetracse could be
found in the literature. The flavazole derivative

sppears as nesdleg under the mlcroscope, and a good
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Aeray powder diffrsction pattern was obtalned from 1t

by Mr. ¥W. James.

A solution of 1% is hydrolyzed by

B-amylase to yield maltose and maltose flavazole as

the only degradation producte. These were 1dentified

by their characterigtic Ry velues.

Table 1

Chromatographic Separstion of amyletriose
and Amylotetraose

Description of sluate as shown
by paper chromatography

Eluting agent Fluate
% ethyl collected
aleohol iiters

12 1
12 3
15 1
15 1
18 1
i8 3

Tracee of maltose and inorganic
materisls -- discarded

Amylotriose
Amylotriose

Branched tetrpsaccharide
{traces)

Brgnched tetrasaccharide
(traces)

Amnylotetraoee
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G. Ballvary aAmylsse Hydrolysis Retes for
Some Carbohydrates

The general pattern of the degradation of smylo-
dextrin and amylose has besn shown by paper chromato-
graphy (38}, Gp, Gz and G4 are produced in approximate-
ly equal amounts to the,ggh?amia point. Next Gg 1is
degraded at a somewhat slower rate. Flnally Gz is
cleaved to glucose and maltose at a very much slower

rate.

In order to provide guantitative messuremente the
feollowing experiment was et up. Digests were mode up
each contalining 29 carbohydrate snd sdjusted to 0.001 ¥
in godium chloride and phosphate buffer (pH = 7).

Saliva in amounte as indicated in Table £ was added.

Totel volume of each digest was 15 mls., One ml. ssmples
were wilthdrawn at the indicated time intervals, snd
analyzed for reducing sugar by the method of Coldwell et al.
(73). The velues obtsined are reported in Tsble 2.

The results of Table 2 sre shown grapbically in Flgure 1.
Reduelng velues sre plotted agalnst log.ET, where E=

mle. of agslive in the digest and T = time in minutes.

-4 more even dlgtribution of the dats 18 obteined by
plotting log.ET rather than ET.



Table 2

The Redueing Values of Salivary Amylase Digests as a Function of
Time and Enzyme Concentration

Sub- Saliva ‘ 230} ; 8 in eq; ;
strate 5 10 15 20 30 50 s 100 175 200
mig, mins, mins, wing, mine. mine, mins, mins, mins, mins,

smylo- 0,08 0,19 0.23 —wem 0,30 weww 0,50 —we= 0,70 —=—=
dextrin 0,40 : 0,95 ==-= 0.97 ==
N%.o ma ¥ g \@S“MU\W o - g H . mh% - o
amylo- 040 0.76 0.76 —wee 0.76 —oee 0,77 «mee 0,76 <aee
Amylo- 0.08 0,62 .63 -mme 0,64 ——- (.68
tetracse 0.40 0.71 0.81 -—-- 0.95 1,11 ~——= 1,10 1,22 1,26 ~wow aee-

Amylo- 0,10 0.40 0.47 0,53 === 0.66 0.70 0.76 0.78 0.82 —wew 0.86 —we 0.93 —w—we
heptaose

%These points are not plotted in Figure 1 since the enzyme hsd become inectivated.
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The progress of the reactions was also followed by
paper chromatogzraphy. ¥With amylm&extrin the msin sugsrs
preeent up to the achromle point are Go, Gp and G4. The
first plateau in Figure 1 coincideg with the complete
hydrolysls of smylotetrsose. The second platecu colin-
cides with the complete hydrolysie of smylotrioge. The
hydrolysis of pure amylotetraose was mainly to maltose,
although traces of glucose and amylotriose could be
geen. The hydrolyslis of amylotrliose ylelded glucose
and maltoge. Amyloheptacse yielded, in the early
stages of hydrolysis, maltose, amylotricse, amylo-
tetraogse and amyloventacse. The lstter 1s hydrolyzed
at about the same rate se amyloheptaose. Pure maltose
1g hydrolyzed by sallvas but the rate is go glow as to
be ingignificant at even the most advabced stages of

hydreolysis shown in Figure 1.

The rates of hydrolysis of the %c¢hardinger
dextring, ), A and Y, by s=livs were exasmlned.
V-Dextrin wes hydrolyzed at about the ssme rate as
amylotricse, with glumséa, maltose and amylotriose
being vielble on a chromatogram. 0O- =2nd A-dextrins
were extremely reslistant. MNo significant reducing

values could be obtalined even after ET values one



hundred timee grester thsn those requlred to completely

hydrolyze Y-dextrin.

Be Radloactlve Anylo-olipossocharidse

One oharscteristic of the reaction mechsnism of
mgeerang amylase 1s the fact that the oco-substrate
mugt appear only at the reducing end of the linear
dextring formed. The mechanism lnvclves only the
trangfer of some gluccse moleties from one glucose
acceptor to snother. There lg no net synthesls or
hydrolysle of bonds. Thus when radiogluccee is used
a8 a co-substrate oligosaccharidses are produced which
ghould be uniguely lsbeled at the reducling end. Such
short chaln oligosascharides are interesting substrates
for the study of salivary amylasge. aﬁ examination of
the activity of the degradation products at intermediate
stages of hydrolrveis will reveal what preference the

enzyme may have for the variocus bonds preasent.

l. ZPreparaticn
Ten milligrams of O-dextrin and twe milligrams
of gluecse contalning some radlioglucocse were reacted

with macerans amylase for fifty conversion periods (77).
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The entire digest woa é@yliﬁﬁ in g streak near the
hottem of o sheet of “hatman Ea.i papeyr 36 ems. long
and resclution of the individusl oligogsccherlides was
necomplished in 3:4:6 sclvent. After three papgees s
radiosutograph woe mede, Flgure 2. The pogitions of
the dark bands correspond in Re to members of the
anylose series {78), as shown. The Pirst seven menbers
were located with the help of the radliosutograph and
the vaper wes sectioned, The sugars were esluted from
the strips by a nethod besed on the orocedure of Dimler
et al. (79), who repert quantitative elutlon with a
small volume of weter. 4 convenient methoed of sluting
the paper stripe was to use two cover glasses Fitted
together horizontally, the upper cone heving a hole in
ite center through which water could be added. The
paper strips were ingeried between the cover glasses
arcund the edges, and allcowed tc hang down, Smgll
pleces of paraffin, having rounded depressicns large
encugh to recelve a few drope of eluate were uged as
receptacles. The whole gpparatus was then covered by
an alr tight Bell Jar. The paraffin containers permit-
ted a more guantitative removal of contents snd they

could be used directly as vesasels for carrying out
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Gy

Fig. 2. Radloactive Amylo-oligosaccharides,
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enzymatic paactions on the eluste.

2. EProof of terminal lsbeling

Radloactive amylotrlose and szmylopentaoee were
subjected to degradation by soybean S-amylase. Ssmples
of the digests were then transferred to fllter naper
and chromatographed in 3:14:8 sclvent. After three
pasaes radlioautographs were msde. The results for
amylotriose are shown in Figure 3{b). Thoge for amylo-
pentacae are not shown but are eimilar; in hoth cases
only the plucosge and unconverted amylotriose are rsdio-
sctive., On subseqguent development of the paper with
alkaline copper and phesphomolybdice seid, spots
corresponding %o glucoge, maltoss and smylotriose were
revealed. The maltoge that 1z produced containe no

significant activity.

Radloactive maltose was converted into radioactlve
malitose flavazole. It was then hydrolyzed by acid snd
ehromatogravhed. A radlioautograph of the chromatogranm
showed active glucose flavazole. The glucosge produced

wae lonsotive.

3. Hesetion with s=livary amylage

The individusl oligosaccharides Gz, Gy, Gy, Og and
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¢1

¢
G2

G2
Gz

Gx

(a) (b) (c) (a)

Fig. 3. Radloautograph of Chromatogram.

(a) Amylotriose.

(b) Amylotriose partially hydrolyzed
by salivary amylase.

(¢) Amylotriose partially hydrolyzed

by B-amylase.

C
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Fig.

4.

Hydreclysis of Amylotetraose by Salivary
Amylase as a Function of Time.
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s -

Time ——

Fig. 5. Hydrolysls of Amylopentaose by Salivary
Amylase as a Function of Tinme.



40

Time —

Fig. 6. Hydrolysis of Amylohexaose by Salivary
Amylase as a Function of Time.
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'/ G2
Ga
Gyq
Gs
Gry

@ra

Time —>

Fig. 7. Hydrolysis of Amyloheptaose by Sallvary
Amylase as a Function of Time.
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Gn were subjected to the action of szllvary amylase.
Samples were withdrawn with a micro plpet at various
stages of the hydrolysis for paper chromatography.
After three passes of the chromatograms in 3:14:6, radio-
autographs weremade. Thege are shown in Figures 3 to 7.
Each chromatogram had a reference oligosaccharide
series, prepared by partlal acid hydrolysis of 30%
amylodextrin -~ average chaln length about thrée glucose
units. After the radloautographs had been prepared
the filter paper wag developed to bring out the reducing
sugayr spots. The results of thie trestment showed that
salivary amylase action on the ¢ligosaccharides ylelded
the following sugars:

Gz — @1 « Go»

G4 — Og (traces of Oy and Gzl

Gg — Gp + Gz»

Gg — Go, Gz + Gy

Gy — Gg, Gz, Gy + O5.
These are marked on the chromstograms. It should be
noted that in each case, the substrste contalne a trace
of the next lower homeolog. This is due %o incomplete
resolution (Figure 2) and 1t becomes more marked with

the higher homologs. It will be noted in the discusslon
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that these trace meterials do not alter the final

congclusions.

Ee Salivary Amylase Limit Dextrins

l. Partisl scid hydrolysis
The acid hydrolysis of atarch can be treated as

an approximate random hydrolysis of equlvaslent X-1,4
glucosldic bonds (80, 81, 82). As the hydrolysis
progregses the resction constant, based upon a first
order resection, inereases slightly. These considerations
led to the modification (83, 84) that the terminal
linkege is hydrolyzed somewhat faster than internal’
linkages. This 18 also in agreement with the fact that
maltose 1s hydrolyzed faster than starch. The -1,8
bonde, however, are more resistant; isomaltose is
hydrolyzed at a rate one quarter that cf maltose (85).
For a first order reaction and st low degreesg of
hydrolysis O = Nkt, where & ig the degree of hydroly-
sis of (~1,4 bends, N is the molar concentration of
aeld, k 1s the reaction rate constant (0,067 st 1000C),
and t 1s the time in minutes. The degree of hydrolysis
for an of-1,6 bond will be d/&. All partiasl acid

hydrolyels experiments with olligoesccharides reported
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here are to a degree (X = 0,25 to 0.30. The reaction
i treated as a random hydrolysis of =1l bonds exgept
the -1,6 and the (-1,4 adjacent to the flavazole
unit. The producte are identified by their Re values.
A comparison of the concentrations of the products is
also made when 1t 1s obvious from the appearance of the

chromatogram that large differences exist.

With aold hydrolysls of flavazole derivatives
it might be expected that the O«1,4 bond to the glucose
molety contalning the flavazole would be hydrolyzed at
a different rate than the rest of the ‘dnl,é bonds. To
test this, amylotriose flavazole {(o-0-0F) was subjected
to partial acid hydrolysle and the products were
examined by paper chromatography. The coneentration
of glucose was very much g?aatar than that of maltose
and the eoncentration of maltose flavazole was much
greater than that of glucose flavazole. This difference
in the rate of hydrolysis wes noted with all the oligo-

aaccharide flavaroles examined.

2. The penose coupled oligosnccharides

The panose coupled oligossocharides derived from

magerans amylsse action on K-dextrin and pancee have
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been deseribed {(page 18). These arse interesting com-
pounde for study because they contain the &-1,6 bond

as do the salivary amylase limit dextrins.

One half gram of O-dextrin, one half gram of
pancse and 20 /¢ Bagerang emylase were incubated for
one week and the produets were then sublected to carbon
chromatography. ¥Fanose wag eluted with 12% ethancl end
the branched tetramsacchsrides with 157 ethanol. The
branched tetrasacchsrides were eluted together and were
obtained essentlally free of the other homelogous
members. Thirty per cent ethanol was then passed
through the column to elute the higher oligossccharides,

no attenpt being made to resolve the lndividual meambers.

The two branched tetrasaccharides have slightly
different Re's in 3:4:6. Since these tetrasaccharides
are used for identification purposes with the salivary
amylase limlt dextrins, it became necessary to dis-
tinguish between them. The branched tetrasaccharides
were separated into thelir indlvidual components by
paper chromatography and the paper wasg sectloned to
yield a few milligrams of each. Each isomer was then

partially hydrolyzed with sulfuric acid, neutraslized
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wlth barium carbonate, filtered, concentrated snd
chromstographed. The more mobile lsomer, termed By,,
vielded glucose, branched trisaccharide and tracesz of
maltose, isomzltose and amylotriose., The latter was
identified by ite ability to prime phosphorylase. 'The
legs mobile tetrasseccharide, Bap, ylelded no amylotriose

but yielded more maltose than dld Bga. Thus By, has

the structure Q"E“Q” snd H4p hae the structure g'“‘.

3. Dextrinsee

The sotion of dextrinase on linear cligosaccharides
results in rapid degradatlon %o amylotriose, maltose
and glucose. Amyloftricose is degraded at a somewhat
slower rate and finally maltose 1s cleaved to glucose.
At the latter stages traces of isomaltose and a Bx
appear, no doubt due to transglucogldase sctlon. Pure
maltose is hydrolyzed to gluccose, again with the
production of traces of isomsltose snd Bz, It ia also
capable of carryling out reversion of glucoge %o maltose
if the glucose concentration is very high, isomaltose

and Bz agaln appearing as with maltose.

Branched oligosaccharides of the panose coupled

series are rapidly degraded to pancse and glucose.
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Panoge ig very registant but it is slowly hydrolyzed
largely to glucose, although small amounts of isomaliocse
and maltaéa are formed. Panose ig hydrolyzed much more
glowly than amylotriose, no doubt becsuse of the ((~1,8
link which imposes a barrier to the enzyme. When the
flavazole derivatives of panose and amylotriose are
compared, the same preference is shown., The maltose
flavazole which 1s produced in both cases, however, is

reslstant to Turther zctlon by the enzyne.

4. Btructure of the singly branched dextring
The waxy malze salivary smylase limit dextrins

were freed of glucose and maltoge and applled to a
carbon column in an attempt to obtalin homogeneous
apecies. The resulte for 2 gums. of 1limlt dextrin are
ghown in Tasble 3. As with the panose coupled series

& By fraction essentlally homogensous was obtalned.

The Bs was less homogeneous. With inerease 1ln molecular

welght, the separation became increasingly poorer.

Plavazole derivatlives were prepared from the most
homogensous fractions. This procedure offered many
advantages:

{a) They could be chromatographed in the same
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Teble 32

Fractionation of the 8Salivary Amylase Limit
Dextrins by ¥eans of s Cerbon Column

Eluting agent Volume of Description of eluate as shown

% ethyl eluste by paper chromatography
alechol liters ; ,
10 2 Maltose
12 2 Maltose (treces)
12 2 Amylotriose (traces)
15 2 By
15 2 By (trace of Bs)
18 2 B (trace of Bg)
18 2 Bs, Bg
21 2 Bg, By (trazce of Bs)
2l 2 Bg, Be

solvent 3:4:6, uged for the sugars. The Re'e are very
much greater, however, and one pass wag sufficlent to
clearly separate the varlous components, hereafter
referred to as 34?, ﬂgy,'E@F and E?F. The structural
features of the carbohydrste part of the derivative
8t111l exert the same influence on the RBp. Thus the

dextrin flavazolee migrate on the paper in the ssne
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order as do the dextrins themsslves, but about five or
gix timeg as far in one pass. The influence of the
K-1,6 1ink ig etill the egsme. Fanose flavazole moves
Just behind smylotricose flavazole Jjust as the sugars
themselves. Similarly, %f?fov examnple, moves Jjust
behind G@F. As with the sugars, lsomeric sugar
derivatives would be exnscted to have similar Rp's

and may not be regolved.

{(b) The flavazoles are colored and they could be
obgerved without the uge of developing strips. They
fluoresce under ulSraviclet light revesling any trace
materials. After one pass the various components could
be isclated by sectioning the paper and eluting it with
mathanol and water.

(¢) Dark colored impurities from the reaction mixture

move to the top of the paper and are thus elimlinated.

34? yielded g ng wilth dextrinagse, in the early
phases of the resctlon. On extensive trestment a Gp¥
appeared. The resction waes helted at this stasge and
the resldual BsF was lsolated and retreated with fresh
enzyme. This materisl was found to be more reosistant
than the starting material and when treated extensively

only Go' was produced (no Bz¥). %4F is thus apparently



composed of two lsomers, one which readily ylelds g
Bz" with Gextrinase and one, the major component, which

is resisgtant to the enzyme.

The resistant lsomer upon partial acld hydrclysls
yielde glucose, Lsonaltose (Bo) and a Bz in relative
concentrations as follows: Bg > Gy > Bz. 0f the
varlous peselble structures only the followlng sould
yield isomaltose:

(a) (b) (o)
Only (e) eould yield more Bo than %y. The relative
concentrations of flavazolesg produced were gs follows:
¢o" > 617, 657, again consistent only with structure

{c).

The Eg? produced from the other isomer yilelded
upon partial hydrolysis, glucose and isomsltose as the
only reducing sugars. There are three possible lsomeric
Ba' tgs

ot SR

panose
flavazolse

Only panose flanvazole could yleld isomaltose. The Bg¥

iromer which produces BzF must therefore have the
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structure (a) or {(b).

B5F, ﬁ@y and %7? are all completely hydrolyzed
by dextrinase ylelding a resistant B,F in each case.
With Bg® and Bpf all the intermedliate stages are
visible. The resction for BF is shown in Figure 8.
The reactions can be represented as follows:

35? - B4g + 1 glucose,

Qgg-—+ BgF — B@F + 2 glucose,

Bot — Bgf — BgF — B,F + 3 glucoss.

Glucose was the only reducing sugar produced and the
resulting B4¥ in each case was Aidentical with the major
component of the sslivary BsF, namely g“ﬁ“og. This was
concluded from the products obtained by partial acid

hydrolysis and 1its reaction with dextrinase.

The structures Tor the limlit dextring are, with
the exgeption of the isomerie By, thus limited %o thoase
containing the By, structure (Z"””Q“} at the reducing

end. These structursg are presented in Table 4.

The 35? upon partiasl acld hydrolysis ylelds B4F,

F

aof and traces of G1F. The reducing sugers formed sre

%1, Bz and traces of 4, Bo and Go. Congldering the
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Fig. 8. Hydrolysls of BvF by Dextrinase as
a Function of Time in Miputes.
(a) Reference spot of By partially
hydrolyzed by dextrinase.
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Pogaible Dextrins

Pa - T T T
Bg - 0~g~@~e~’ a«z«m«ew.

(1) (2}

Bg - '§:§~ﬁ~ﬂw’ o, —0 @«Q—E~G“ﬂ*'
(1) (2) (3)

By - e*gsﬁ«@w’ &~2%§;@ma*’ Qﬁﬁ*j;%ﬂﬁuﬁu’ DmO*?w%-ﬁh{h
{ 2 z 4

two pessible §5F gtructures (Table 4) the Bg produced
could have only two possible structures: Bg,, &"g‘ﬁ“ or
Baps ﬁﬁi‘“‘; nemely, the pancse coupling tetrassccharides
31&0&N§h6 By was produced only in traces from ngf o
concentrsted sample was mbzgin@ﬁ as follows. About

F waa(@v t1ally hydrolyrzed and the whole

20 mgs. of By
digest was applled in a streak st the bottom ¢of each of
four pleceg of filter vaper. After one pass the papers
were sectioned and the portions corresponding to Bg were

eluted by the tecehnlques already described. The zluate
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was concentrated under an alr stream and applied to

one spot on a chromatogram. The chromstogram contsined
a reference spot of the panose coupled tetrassccharides.
After seven passes in 3:4:6 (to obtain nearly maximum
resclution of the tetrassccharides) the chromatogram
was sprayed to bring out the reducing sugars. The By
was found te correspond in Re with By and contalned
none of the other lsomer. Hence Bg of the eallivary

limit dextrins must have the structure Oﬂg*@"g*.

B@F upon partial acid hydrolysie yields B@ﬁ shd
GQF with traces of ¢F and Béy. The reducing sugars
produced are G} and B4 wlth traces of meltose and Bg.
On examination of the possible structures for Bg
(Table 4), (2) =2nd (3) yield E&g as readily as BsF,
for these csh be obtalned by a single selssion.
Calculations indicate that the yleld of BsF should be
slightly grester than Bg® for both these structures.
8tructure (1) however, c¢=n yleld E@F only through
multiple sclssion. Ualoulsted ylelds made on this
structure are BgF:BQF ~ 5. Thus at least the major
component of Bg must be g:g*ﬂ*@*, although the presence

of the other two structures cannot be ruled out.
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Confirmatory evidence for the vresence of
structures (2) or (3) was obtained by treating Bg¥ with
saliva. 7The reaction proceeded with the formation of
maltose and By¥, Under more extensive degradation, Gi,
Bas By and Gp were formed. The latter set of produsts
was formed at a much reduced rate. The initial formae
tion of maltose suggests that isomers (2) or (3) are |
degraded more readily and that isomer (1) ie degraded

finally by scimsion of thres possible 0O«1,4 bonds.

Wild's (18) findings with By indicated that it had

_— w1 s % e
one of two structursss: (1) ﬁ“g:$~emo~ or (2) g g g .

Since the action of dextrinase on its flavazele vields
24¥, having the structure g*ﬁ"“y, the only possible
structure for By is (1).

5. BStructure of the deubly branched dextrins

The doubly branched dextrins present with the
8 ingly branched dextrins consist of compounds in the
range BBg te Bijo, the numerals indieating the number
of glucose units. These dextring were examined with the
view of determining the number of glucose units beitween
branches. Due to their lorge molecular weight,

resolution of the individual members was not attempted.
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It was decided instead to examine the products cobtalned
after resction with dextrinase. Dextrinase would be
expected to degrade the geries of compounds down to the

firast branch point.

Waxy malize salivery amylase limit dextrin was
trested with dextrinase and samples were spotted
periodically for chromatographic analysis. As the
reaction progressed the singly branched dextrlins were
gradually converted into a singly branched Bg. At the
same time small amounts of Bz ascumulated 1in the same
manner as when derivitized as the flavazole. The doubly
branched dextrins were converted at the same rate into
two partly resolved compounds having the mobillity of
doubly branched dextrins with seven glucose units (BBg).
The triply branched dextrins were converted into one or

more compounds of ten to twelve glucose units.

A digest carried to the latiter stage of hydrolyels
with dextrinsse wse resolved on the carbon column.
Glucose, maltose and Bs were eluted with 12% ethyl
aleohol. By was eluted with 15% ethyl alcohol and
BBr was eluted with 219 ethyl alecohel.

BBr wes converted into the flavazole and subjected
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to further extensive degradation by dextrinase. The

F use sventually

reaction proceeded very slowly, but EBe
completely converted into B54F without the formation of

any dlscernable intermediate compounds. The BgF was
¥

in turn hydrolyzed at sbout the same rete inte Go°,
agaln without the sprarent formatlion of =n intermediate
compound. The 34F was further pertially hydrolyzed
with acld and the products indicsted it to be identical

with ealivary Eﬁy, namely Z‘G*QF.

Since the enzyme hydrolyzes o(-1,6 links with
difficulty, once these have been cul, the resulting
exposed glucose unit now contalne a bond readlily
susceptible to setion of the enzyme. Hence the degra-
dation proceeds to the next branch point at such a fast
rate that intermediary products between B4F and BByF do
not sccumulate in sufficlent concentration to be seen
on the chromatogram. The ssme considerations would

F

acply to Bg . The only reducing eugsr produced is

glucose. On this basis two structures for the BBp geem

reasonable: (1) g“““z“@”ﬂ“ and (2) z ) i o

BB,' was partially hydrolyzed with scid and the

producte were examined by paper chromstography. There
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were produced large gusntities of %5?, Bs¥ sna 6,7, and
legger amounts of QIF‘ In addition traces of a compound
having the correct Ry for &3?vmre produced. The reduc-
ing sugaers were G,, Bs, Bz and a compound corresponding
to BBg. In addition eome By was produced. The
formatlon of these compounds ila consistent with the
formulae shown. Gs' does indicate at lesst that (2)

must be present.

The BBg was leolated by elution frowm the paper and
converted into its flavezole derivative. When chromato-
graphed in 3:4:6 thig derivative was quite well resolved
inte two spots. The more mobile fraction (ﬁﬁgaF)

F which wasg

rescted slowly with dextrinase to yleld s By
slowly converted into avEEF'or &2?. The less moblle
fraction (BBgp') reacted alowly with dextrinase to
produce BEF or GgF with the formation of only traces of
Bs'. These are compatible with the structures g‘”“gg
for Bﬁﬁ&g and g»amEF for aagb?, elnce the first contains
the maltose flavszole link known to be reaslstant to the

enzyme.

However, onh treatment with neutral pericdate for

thirty minutes, both compounds were extensively degraded.
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In each c¢ase, apparently the oxidation proceeded tc the
flavszole aldehyde. This was shown by the complete
solublility in benzene and high mobility in 3:4:6 and
methyl ethyl ketone. This 1eg the expected result for
the structure shown for ﬁﬁﬁhF, but not for that shown
F

*

for BBg,
In addition, the ﬁgﬁ lsolated from mﬁ¢? was
partially hydrolyzed with a view %o obtalning the By
gugar and comparing it with the panose tetrassccharide,
as described under the gingly branched dextrina,
Becnuse of the small ylelds, the By produced was not
readily identifled, but it was apparent that there
were two partly resclved Bz components in addition to
gluccase and iﬁamaltas@; If the original BBy was a
mixture of the two iszomers shown on psge 67, then two
isomerie 35?1$ should be produced on partial acid
hydrolysis, namely, Q”X“Q”QF and @wz*”“ﬂg‘ Although
there was no evidence for more than one, 1%t may be
that they were not resolved. The asbove compounds
would acoount for the formation of two Bz's on neld

hydrolysis.
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V. DIsCUSSTON CF RESULTS
Ae SBpllvary Amylase Acticon on Linear Substrates

On examining the dats of Figure 1 the hydrolysls
rates of pure gmylotetracse and pure samylotriocss are
obrgerved to colncide with the rates for these subsirates
produced from the hydrolysis of amylodextrin. Aamylo-
tetracse and amylotriocsge apyroach z reducing value
twice that of the starting material, eorresponding to
the hydrolysls of one bond, Amyloheptacse spprosches
a value three times thet at zero time, corresponding
to the hydrolyeis of two bonde. Comparative initiasl
rates of hydrolysis for the four sgubstrates exsmined,
are cbtained by plotting reducing value versus ET
(Figure 9). ‘Etraight lines are obtained for the first
few pointe in each case. Relative rates ocsn then be
calculsted by measuring the slopes. ET values for the
trissccharide are divided by 200 and for the tetra-
saccharide by 4 in order to f1lt the dsats into a smaller
gpace. The slopes as measgured from Flgure 9 are
compared wlith that for amvlodextrin to obtain the

relative rates, reported in Table 5.



REDUCING VALUE (EQS. X 10-% PER ML. OF DIGEST)

1.O
0.9
0.8
0.7
0.6
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0.9
AMYLODE XTRIN
0.3 AMYLOHEPTAOSE
0.2 AMYLOTETR AOSE
o AMYLOTRIOSE
0.1
0 1 1 |
o) 1.0 2.0 3.0

ET (MLS. ENZYME X TIME IN MINS.)
Fig. 9. Initial Rates of Hydrolysis of Various Substrates by Salivary

Amylase.
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Table 5

Relative Rates of Hydrolysies for aAmylodextrin,
Amylohentacse, Amvliotetracse and Amylotriocse

Substrate Slope

Relative rate

Amylodextrin 174 x 10™7
Amyloheptaose 154 x 10~7
Amylotetracse 50 x 10~7
Amylotriose 0.67 % 16”7

1

0.88
0.32
0.0038

These rates should bs borne in mind when examining

the results cbtained by eslivary smylsse on the radlo-

active amylo-oligosaccharides, Figures 3 to 7. Be-

ginning with amyloheptacse 1%t will be observed that

there are three bonds resdily susceptible %o attaeck;

those within two bondsg from the non-reducing end and

those within one bond from the reducing end. The game

rule holds for amylohexacse snd smylopentaose.

— Gg* -+ ﬁ;ﬁ

s Gg" + &3% + @«4‘% + Gg

—s G + G5° 4 Oy

Bond a 1g hydrolyzed te a significant but much lesgger
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extent as evidenced by the low activity of Gg from Gy,
G4 from Gg and Gz from Gg. No figures are avallable
for the comparative rates of hydrolysle for these three
substrates, but it has been obeserved that Gp produced
from Gv dlsappesres sbout as fast ags the parent substrate
(page 32)., There 1s good reason to believe, therefore,
that the rates for thesgse three aﬁbétt&taa are very

similar.

On golng to amylotetracse, the resction rate is
reduced considerably, and the bond most susceptible to
atitnck is the center one, wlth minor hydrclyslie of
bond b. ofoBclow _ Go¥. Amylotetrsose contains no
linkages of the type present in the higher homologs
shown to be more esasily hydrelyzed. B5Bince bond a is
of & type more resistant %o attack, the hydrolysls rate
iﬁ naturally lower. Becsuse of the presence of radlo-
active Gz lumpurity in the amylotetraose, it cannot be

determined whether bond ¢ 1s hydrolyzed to any extent.

Amylotriose contalns linksgee of the type b and ¢
only, and again the rate is reduced. Both linksges are
hydrolyzed but the bond nesrer the refuclng end is

preferred.
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The prasence of some Gy lmpurlity in @8 does not
change the coneluslone regsrding Gg because the activity
of Gz produced from Gy le very low compared to the
activity of Gp. Zimilsr conglderations apply to amylo-

hexszoee and amyloheptaose.

One should not conolude, however, that the position
of the bond is the only factor influencing 1ts hydrolysis
rate. Mzltoes Tor example eontains s link of the type
present in amylotriose, yet lg hydrolyzed very much
more slowly. Apparently the s&za of the molecule is
alsoc a Tactor. The extreme difference between the rates

for B~ and V-daxtrins may be due tc configuration.

It hae been held (88) that salivery amylsse
ocontaine maltase, ah lmpurlity that was supposed to
account for the hydrolysls of maltoze and amyloiriose.
Buch an enzyme operates by the removal of glucose units
from the non-reducing end of amylose chains. It should
yield inactive glucose with radloactive amylotriose.
Salivary amylase, however, has a speclficity for the
reducing glucose unit. The view held by Meyer et al.
(87, 189) and Xoehler (88) that sallva contalns only

one enzyme is thus supported.
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The redicactive experiments demonefrate that
internal linkages sre indesd wore essily hydrolyzed
than terminal linkages, bul the srea of preference isg
not as simply defined as Meyer snd Rernfeld (33) and
Whelsn gt al. (44) stete. At least for the short chaln
dextrine exsmined, the ares would be more correctly
defined as within two bonds from the non-reducing =nd
and within one bend from the reducing end, It ig not
certaln elther that within this arsa =1l bonde are
hydrolyzed with egusl esse. On examining Plgure 7 the
G3 spot is more intense than elther Gg or G4. Similarly
in Figure € the Gp spot 1s more intense than Ga.

There 1g also the fuoet that multiple stisck appesrs
to take place with the long chaln oligossocharides. It
would seem that amyloheptacee has too short a chain for
this factor te be signilficent. It is lmposslble to
write any combination of soelssiocns so as to yield the
cbserved products. One mugt conclude that with these
substrates the amylase funcilons largely by a single
attack mechanism. GQuantitative messurements of the
activity and total carvbohydrate of the hydrolytic
producte are necessary however to rule ocut multiple

attack as a contributory factor. It may be that
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multiple attack gradually sssumes more aignificance

with increase in chalin length.

Be S8Balivary Amylase Action on Brenched Substrstes

The gtructures of the aslivery amylase linit
daxtriﬂs reveal a rather striking speciflelity of the
enzyune in the vicinity of the -1,6 link. The
structures of the singly breached dextrins were found

o he:

Bg = 70T, PO er 0TOT.
35 - I
Bg = OT§TOTOm | 0=0mmO=0= op  gmomo-

These dextring have one featufe in common with the
exception of the minor component of Byg; they all have
two glucocse units to the right of the ¢-1,86 link. WNo
dextrins were found with more than this number of
glucose units in this position. To the left of the
K~-1,6 link the number of glucose units varies but the
lower chain le more 4ifficultly hydrolyzed than the

upper chain (Bg, Bs). This 18 of course in dissgreement
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with the view of ¥Whelen et al. (52) who regard the
dextrine aes more or less symmetricsl about the -1,8

link.

In discuseing the origin of the dextrins, the
structure of waxy msize gtarch should be recalled, The
evidence of Corl (13, 14) indicates that 1t has s
structure aeﬁaiaﬁiﬁg ot branch upon brasnch in a bushy
type arrangement. The averasye number of gluoose units
between branches 18 5.0. No doubt this figure varies
a good deal bsecause 1t has been shown that the doubly
branched dextrins have only one glucose unlt between
branches. It is easy tc see why such srrangements sre
reglagtant to the enzyme since onh hydrolyels they must
yield singly branched dextrins of less than two glucoss
unites to the right of the (-1,8 link (page 66).
Apparently then all arrangements grester than one
glucose unlt between branches are decraded to this
uniform arrangement, shown on page 66, This at least
must be the case for advanced stages of hydrolysls.

It would be interesting to examine the dextrine Bg to
Bg preduced at early stages of hydrolysis to see Af

thls same speclficlty extends to them.
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Variablility of chain length at the non-reducing
end of the dextrins may be due to the reascn suggested
by ﬁyrhga& (53); namely, the enzyme prefers to remove
maltose unite rather than glucose units, much like
PB-amylage. The non-reducing end of the dextrin, unlike
the reducing end may have its origln from twoe sources,
peripheral chalns or internal chsins (between branches).
As both thesge vary in length they msy have s number of
glucose units elther even or odd. A structure such as
@*gui“ﬂ“ﬁ“ gshown for Bg is hydrolyzed by %the removal
of maltose to yleld Z*“”Q”, whereas the major component
of Bg, g:Z*@“ﬁ‘, ig more resistant because hydrolyele
nust proceed by the removal of glucose units. Thls is
an analogous sltuatlon to that found with the linear
radloactive vligossccharides. Removal of a glucose unit
from the non-reducling end proceeds at a very slow rate.
Why the upper non-reducing end should be hydrolyzed
more resdlly than the lower one 1s net apparent, but it
ig undoubtedly the reasocn for the more or less homo-
genecus nature of the dextrins st advanced stages of
hydrolysis. 1t seems icpleal therefors that the

isomeric Bg component hoe the structure ? =0

rather than Q*ﬂ'g*@”ﬂ”.
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Hnaertaiﬂty atill remsins ass to the ainor
constituent of Bg. Two sourses of 1t are suggested:
(1} hydrolysic of 35, e.g. rﬁ = O_ir-% L 0=
(2] hydrolyais of doubly branched dextrins.
The latter sourse should also ¥leld s By with the

structure g'ﬁ“ rathey than its lsomer, *ﬁg””h

The doubly branched dexirins conslated of compounds
Trom BBy to BByg. The structure at the reducing end
hss been cbserved to be ldentical with that of the
singly branched dextrins. It sesms loglesl that %ﬁe’
configuration at the non-reducing endsz should alsc be
gimilsr. There are laft therefore two glucose unite for

the third rewmsining site. A structure for Bijs ls

guggested ag: Q“g:§:§:jWQ“ﬁ”. This strueture hmss the

game configuration gt the noh-reducling ends as the
singly branched By, and for that reasen should be as

gtable to sallvary snylassze., The lsomerie structure,
Q‘§:2~5:2 , should be less atsble If this sltuation

1g ftruly anslogous %o the singly branched dextrins.
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VI. SUMMARY

1. Amyleotricee and amyletetrsose have been
gepnrated from selivary amylase dlgests by carbon
chrommtography. Crystalline l-phenyl flaveszole deriva-

tives of both compounds have besn prenared,

2. Comparastive sallivary amylase hydrolysis rates
for smylotriose, amylotetrmose, smylcheptacse and amylo-

dexbtrin were debtermined.

3. Linear r&ﬁiaautiﬁﬁ oligosaccharides have been
prevared by the coupling reaction of macerang amylase on
K -dextrin and radioglucose. These have been shown to
be labeled only at the reducing gluecse unit. The
reasction of salivary asmylase on the members Gz to Gy
has been studied by paper shromatography. Examination
of the activity of the hydrolytis products has led %o
the fellowling general definitlon of bond speciflelity
by the engyme: those bonds within two links of the
non-reducing end and within one link of the reducing end
are hydrolyzed much faster than the remalining three
bondg. Tne two terminal links are extremely rasistant
and the link second from the non-reducing end is inter-

mediate between these and internal linkages.
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4. The singly branched limit dextrins obtalned
by the extensgive actlon of saslivary amylasse on waxy
malze starch have been found to have the following

structures:

E4wg-°°°'+°‘g"0‘oro_g'°‘,

Bg = o_j‘o“".
36~W+MT°*WWZ'M:
BY = pod o

6. ©Evldence has been presented that the doubly
branched 1imit dextrins conslist of ocllgossccharides
contalning only one glucose unit between branch points

and that a basic structure for these compounds is:

1---

2—~g~o¥g~0“0".

5 a
The dextrins consist of compounds having from two to
six glucose units distributed among three possible

positiong, 1, 2 or 3, of this bsslic structure as

indicated above.
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IX. APPENDIX

Table &

1-Phenyl RBe in
flavazole sat. methyl Re in
derivantive ethyl ketone 334136
G1¥ 0.9 0.9%
¢nf 0.6 0.90
Ga¥ - 0.45 0 .80
Gy 0.25 .70
BzT 0.40 0.75
B ¥ 0420 0.65
Bg¥ - 0.58
BeF —— 0440
Bk ——— 0,30
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