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INTRODUCTION

The great interest snd activity in the study of sterch stems
logical as well as its industrial importance. It can
be vonsidered as a reservoir of energy for plants and animals alike.
Therafore, its constitubion, bresldown spd synthesis sve importent
biologiosl protlems. In the infustrisl field, etarch has many
diversified spplications. To pame just o few, it is used in the

sising of paper and textiles. It 1s slsp uesd as an adhesive, and

also finds applications in many diffevent food preducts. Starches
from various sources differ considerably in theiyr compoaition.
Therefore, the xmrw mast be taken into consideration in many of

the spplications of etarch. Furthermore, industry hos modifled

starch both chemicelly and ensymatically in stbempts to obbain products
vhich better meet the requirements of farm, home and techmology. 4
study of the sbructure and modificaticn of starch iz of great im

porkance in all of these npplicstions,

The structuve of amylopectin, the branched component of stayoch,
bas besn studled by both chemical and ensymetic wethods, Glycogen,
sometimes called animal starch, is very similar in struchwe to
smylopectin, and has been stuiled in much the same way. 4 helpful
method in the investigation of both of these structures has been
partisl degradation by B-smylase.



Iﬁ is the purpose of this thesis to investizate the astion of
p-amylase as % spproaches the «-1,6 linkeges in an amylopectin type
molecule. It 48 dmposeible to follow the dotailed actien on the high
moleculsr weight naturel produets, and to circunvent this obstacle, a
series of low moleculsr weight branclmd oligossocharides were
gynthesized, These so-talled model s%akmkra%a were analogoue to
cbrtain of the brauch points found in the natural melecule, and their
size made the stuly of Pramylase action mmoh simpler. It should be
kept 4n mind that the enzyme may act somewhat differently on |
amylopectin and glycogen than on the model substrates, However,

bonds which are spparently resistant in the lov melecular weight
compounds would cerbaialy be resistant in the natursl molecules.
Any differences would probgbly be concerned with the rate of enzyme
m#mn, rather then wi%h the specificity. |



HEVIEW OF LITERATURE

Amylopeekin and Glycogen

Amylopectin as one of the constituents of starch has been the

subject of meny fnvestigators in the past fifty years. Sinee only
sbout 80 pezcent of stareh is converted into fermentable sugars by
malt extracts, Naquenne and Bowx® in 1906 suggested thet there might
be two components in stareh. The resistant materfsl which remained
after mmamm was designated as famylopectin®, This interpre-
tation was widely oriticized, sud as Wﬁg mmm ont, thc potsi.
bility of partial degredation was ignored, Therefore, the discovery
of the heterogenous nature of starch should mot be mﬁrmg ko
Maguenne and Roux. ‘

Kerrer snd Kraus’ attenpted to separate the components ¢f starch
by centrifugation of pastes, bub ne structural differences could be
found in their frastions, Ling and Nenji' deserived s simtler method,
tut when Hiret et al.7 eubjected fractlons obbained by this method bo
acetylation and methylation experiments, an average chain length of
2% was obhained for both frastions. awﬁ was sble to separate the
components of starch by slectrodecantation, and found that the som~

nent vhich moved %m the snode ('ﬁwﬁ;&m@km‘} was degreded to the

“extent of 60 percent by B-amylase, The componsnt which remained 4n
golution was oslled "amylo-omylose” and was complevely degraded by
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amylose.

In 1814 ﬁn«wﬁ%ﬁg crystallized a new sugar, maltose, from e
digest of starch with mald extreets. The structure &. malose was
defintvely established by Haworth.'> his led to the geneval belief
that in starch there is = wag%%% made up of glusose units
linked together in maltose linkages. Using the methylstion technique,
Haworth found sn end group for every 20 glucose unite in a@gﬁ‘.g :
snd an end group for every 12 glucose units in %a%ﬁww

ﬁ%@%& took up the ldes of a branched strusture for sterch

which was first conceived by x%a?w Staudinger proposed a strusture

in shich outer chains were sttached to one main chain ab various
intervals, as in Fig, 1. m&%ﬁw@ proposed s laminated type of
structure for both anylepectin end glycogen, Fg. 2.

Helsall of ww;‘wa deteornined the end groups in glycogen by

measuring the amount of formic aoid prodused on oxidstion with po-
tassiun periodate. They found that most glycogens contain 12 glucose
residuss per end group. Potter and mﬁu&mw used & sinilar method on
amylopectin, and found 22 to 27 giucose residues per end group for
various amylopecting. Meyer and w&g%% carefully investigated
the necessary conditions for achieving best results vhen using the
periodate oxidabion on polyssscharides.

Myrbiek and &Hga&%mm foand $hat a.-1,6 bonds ccour in the low
molecnlar welght dextring obtained from the a-amylase dlgest of
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In 1939 Morris and Ebrriazh reported a water soluble polysascharide
found in & variety of golden bantem corn which has properties identical
vith those of the glycogens from snime) sources. Dvoneh and Whistler
investigated this polysaccharide and also found it to be glycogenlike,
but suggested that it be considered an smylopestin to avoid confusion.

Cord and Mmr"é deseribed a method for the degradation of
branched polyssccharides in animal tissve by the miccessive action of
phosphorylase and a special gluscsidase specific for o.l,6 links, The
‘bmmaé. polyseccharide is degrsded simultenconsly with phesphorylase
and a-1,6 glusosidase. The vabio of the glucose produced to the free
glucose plus phosphorylated glucose is a measure of the degres of
brenching. By sucoessive aotion of phosphorylase and glusosidase,
Tlingworth e al.>! were able to investigate the internal as well
a8 the external structure of glycogens and amylopecting., These in.
vestigations substantisted the highly ramified structures of both
glycogen and amylopectin originslly proposed by Meyer,

Boll and Manmers>® have investigabed the sction of erystalline
f-amylase on glycogen with a chelin lepgth of 12, With the orystalline
sweet-potato enzyme the glycogen was degrafied to the extent of 45
poveent, with only maltose and a 1imit dextrin prodused. Their
evidence indicates an irregularly branched strusture for glycogen
with average exterior chains of soven glucose units and aversge

interior chaine of four gincose units, Hmmur&gg alsp veports thab
glycogen does not contain Z.labile linkages {f.0. pD-glucepyranceide




groups).

Peat and co-workers'™® isolated the p-limit dexbrin of vexy
mal e ‘ﬂm and treated it with B-enzyme. An isolation of the
products of the dialysable portion of ﬁ&xi.a dimﬁ% gave a molay ratio
of 1.45 maltose to 1.00 meltotriose plus maltohexacse and higher
mﬁﬁa&aﬁzﬂw « The total yleld of maltose plus malbotriose indicates,
that of the proposed structwres for amylopectin, only Meyer's fits
this data. Whelen'® degraded glycogen snd snylopsetin with c-smylase,
and then treated the digest with R-sngyme, He interpreted the musber
of fres reducing groups libarated by this trestment s being equal teo
the number of 1,6 linkages in the original polysaccharide. Peat et
g&% found that R-enzyme debranches amylopectin, bub does not exert

a similar effect on glycogen fyom oysters or rabbit liver. It was
sugsested that this effect was due to the high degree of branching
or more compact sbructure of glycegen. Ib was alse sugzgested that
this difference in the action of R-enzyme could be used as a simple
practical method for distinguishing betwsen amylopectin and glycogen.

In an extension of Pest's vork with Reensyme, Hirst and Manners s
were sble to obtain a quantitative estimabe of the degree of multiple
lng in amylopectin, If one defines the A, B, and € chains as
follows, it iz poseible to get an estimste of the ratio of A3 chains
by unsing this method: |
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- e e W e e

Fig. 1. Meyer's structure ; Fig. 2. Haworth's strmoture
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axts strucbure

B A 2 oo R = reducing end group

TR = a-l,4 linked
L B . glucose unite

| = a1,6 14nxage
The oheserved ratio of 4B chains in waxy malze amylopectin is approxi-
mately 13k, This would indieate that only one unitchain in every
five conbaing more than one brench polnt. The structwre then would
be similar to Meyer's concept, but moye elongated ani less like a
compact “tree” structure. It is aleo suggested that there is a
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separate the two engymes, and came %o the conclusion that B-smylase
was sble %o act from the non.redusing ewd of a chais, splitiing off
maltose units in the A configavation. Hames'® alsc swpported this
view concerning the mechanism of sotion of B-smylase,

In 1946 Balls and &@»wmwa% were sucosssful in obtaining the
first erystalline amylase, which was the B.smylase from swest potatoes.
In 1951 Meyer gﬁg}ww’m vere sucoessful in purifying snd orystale
U zing Beamylase from malt. The purification and crystelliszation of
pamylase from wheat flowr wes reported by Meyer and so-vorkers > in
1953. Peat sb 21,77 were shle to obialn a purified soy bean f-emylase
as an smorphous powlder which was virtually free from Z-enzyme as well
85 Geanylase snd maltese. It was also found thet for purposes of
structural snslysis the purified soy bean P-amylase vas exattly
equivalent to erystalline sweet potate P-mnylase.

Englerd and Singe: H reported that eighd times reerystallized

go indicated only ome component om elsctrophoresis,
ed by ultracentrifugation,
y, a8 determined by

swoet potato Beamy
but that 3 percent of an impurity was detec
The molecular weight of sweet potate Be-suyls
measurements of the sedimentation velooity and 41ffusis
152,000 10 peveent. Meyer ot al. 2 rouna om;
slwkw;ﬂwmau of erystalline wheat P-amylase. This engyme was also
found to be free from sugars, polywac:
and P-glucosidase,

L rate, is

nent on

rarides, o-smylases, maltase,



VY JOTASTUN "eSWLANe-g O WoR4OU JO esauss peIvTMsed euR Ui
PR000% 940TANGS UF GLOA SULIGAGPO
603 JO SOTPIAS Y4 PORIOTaX  BYIRQOF PUS TG J949T "omoonyd
JO eTOWM WO AV OHOTVW JO GTOW OWO WAOF 0§ L[A0(S PEMIRILW seA gng
‘sysdioriue-g 3o eweud pIdux ouR UF PEITCIRT 40U WEA SSOTIIOATIM fUEy
vosodes . LoTyeq PUS USAUR 04TE AOTS Ared w 4v 4wy essrlwe-g &4
PUIOBYE SUA SROTIFO4 UM JUYy PUne ﬁ.ﬁ%ﬁ forreg “eseyrem pemiey
PSOUXCHOATEN STTHA ‘ONOTIG0TREN PUB ewoqrvm pewminy emovgusdogien
‘o804 TR PRNIIDS SNOUITO4OLTVR ‘pepsaFep 40U sum es0yYW esuTlimeed
ogeqod jesns SUTLTEYIELEs FO UOYAYE oy O3 Sgonposd euy pesvelqus pue
‘WMTOD WOqIus ¥ Wo esordmwe oyeyod 3o syslyoxpdy prov 3o wsonposd ewy
PORSIUASs ) SIENLOA-00 PUE WRTOWN 9SOTAwe Jo seduvs eandup jo eem
oU$ 03 oUp FEA SIANLOR WMOTITA £q eROTAW Jo voyiepRidep eye1dmcouy
30 SuTouss ouy 4wy Fuyrees s,aeley seM 57 esoyrew oF esorlue
sepesdep Lreqerdues yus ‘pue Wiuo IFonpe-uow ey wasy 4u% ‘pespur
‘S0P % JOUS PRTIULS osuTMie~d UO NIOA IVTTAVe SU§ DPENITIUCD wa.mﬂ
§6 aefey ‘zeqey -ewerdwe-g Aq esoyTew 04 pepeafep Lreargestiueud oy
n&ﬁ,ﬁ%ﬁ%xwﬁagﬁ wm»ﬁ%nﬁgaﬁﬁa %a&ﬁaxmm&ﬁn

"PYO% STat008% YU ‘epFedo wATPos ‘sywdrns TAoepop wnrpos ‘wjeedem
joserium-g JO WOT4OW G% DUIRIQTUUE ¢¢ ssuePees FUTAGTIOF Ul S4STT
GEIETIEM  CHSTUSHOAN LTTUSSTOMRIGUY UY L4 P00 of gifnoys 8F WO
~THORUY GATIEPIX0  -A4TAT408 opgeuisue Jo ssoy eqeTdnes uy sy(mess
squedsex orrtoede £q esvilue-g oyesod jeans Jo sdnoa® TLapd
30 UOTABINATY TROTHAND FOUY WNOUS SASY o mIeNIoN-00 Pe PaVIIuE

£



ik
ammﬁ' isolated maltetetranse from corn sirup by coluwm chroma-
tography, and characterised this dexirin by verious shemical methods,
They found that Be-amylase hydrolyzed maltobetraose to maltose 4o the
oxtent of 7 percent. later, Whistler sl Duffy®® isclated and
rigidly characterized maltopentasse from corn sivup, Maltopentaose
was hydrelyzed by P-smylase %o 4.3 percent maltose und 52.9 percent
malbotricne.

In 1952 Peat and co-wrkers®> found that crystalline sweet potato
f-amylase couverted potato amylose Lo the extent of 7O percent into
maltose., This was in direct contrast to crude Peamylase whiok was
capable of complete conversion. It was deduced that crude ﬁ«wm&a
nzyme which was copable of hydrelyszing an
snomolous linkage in awylose. Laber Peat st && vere sble to obtain
Z-onzyme from soy bean as a freszewdried powler. This preparation wes
free from t. ond Beamylases, and was shown to be a P-glucesidase,
Hopkins and %12&‘65 in an examination of Peat's evidence, suggested
that the Z-ensyms might really be on geamylase, Peat and Whelan®®
answersd these arguments, snd presented further syidence that Z.enzyme
does have a Pglucosidic actlen.

mst contain & so-called Z.

Meyer snd co-vorkers> 3267 fuvestigated the sction of Beamylase
on the branched component of starch, amylopactin, Amylopsctin was
reported as being degraded to the extent of 65 percent by f-amylase.
The products of this degradation wers maltose and a high molecular
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weight residusl or limit dexbrin. This dextrin vas reported bo be
er attack by ﬁwwim, and. $hought o

resigtant to furthe
U5 persent of the oriztasl enpl
mothylation technique, Meyer |

contained all the snd groups aw

points, or m,ﬁ Liukages, constit
emylase, snd that Pesmylase is only eble to attack the
longer chains. 1If the residusl dexbrin is degraded with an ceglncosidase
(maltase from yeast), glusose §s formsd along with s dextrin of high

ar welght. This dextrin is no longer resistant to P-amylase,
1mit or residusl dextrin. The antion of Pe-amy.
lay to the action on anylopech
only to the extent of 45 parownt

the action of

by Peamylese. From this wrk Meyer
concluded that on the aversge, the stub left in & Bwlimdt dextrin of

hocording to mwry’ and %Wal&ég the end groups of the B.emylase
limiy dextrin of both glycogen snid amylopectin must be of the four

following types:

T 0- signifies a glucoss wnit with its reduoing
++:0-0... signifies tw glucose wnits bonded with an M.u

’ g. signifies two zlucose units bonded with an awl,6 linkmge,

e AW
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Table 1. Dextrins from asdd hydrolysie

| §-0-0-0-
Ol

Mysbiok and $1xIbon"? arrived
ng the action of f~amylase on the low molecular welight
hapides of an sold hydvelysis of sharch found in Table 1.
The oligosstcharides were separsbed into fractions of varying degrees
of polymerimabion by aloohsl precipitation. It was concluded from
this work thet B-amylase asts only from the non-reducing end of the
ehain, and the isomaltose lipkage constitubes s block or hindrance
to the enzyme. M

ab amm difterant conslusions

rhEck and Sihlbonm sugeested that no malbose is



7
formed by Yhe action of Pesmylsse on compownds of group one, and
one mole of maltose i split from the main chain of compounds in
group two. Ome mole of meltoss is split from the side cheln fn
group three, and in group four, 2 moles of maltose are formed from

each compound. These conclusions were based wpon a favoroble come
1 yield of maltose obtained by the astion of
; the preceding cempounds to

parison of the actw
feamylase to that esloulabed, assuming
be hydrelyved as indicated,

Poat and de-vorkers ™" prapared s S-snylsss limit dextrin fyem

the amylopectin of waxy malse stavch, and subjected 3% fo the action
of R-enwyme vhioh was able to split the o-1,6 linkeges in the B~
dextrin, The dislyreble portion of this digest was Lsoloted and
separshed. Maltose and maltotricse were ldentified, and it was
concluded that the stube in the f-dextrin dontaimed, on the average,
2.5 glupose units vather then 1.5 as reported by Meyer.

Gord and x-amx:"ﬁ reported that one melbose equivalent per
cuter bransh wes liberated by the action of B-ssyylase on phosphorylase
1imit dextrin of glycogen. They interpreted this resuli os meaning
that two maltose units weve split off the main chain of the phos-
phorylage 1linit dextrin as followsy

The endwise setion of S-amylane is well tonfirmed, but in recent
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years considerable discussion has arisen conserning the ;m@ibi&iw

of either the single-chain oy multi-chain mechanisa of astion. In

‘ shanism the ensyms would est by completely degrafing
one gubstrate moleoule at a ime, while in the mulbti-chain process
there would be o simultansous atiack of all chains,

3fm¥&n?ﬁ followed the astion of B-amylese {wheat) on emylose by

mining the produsts formed at intermediate stages of lydrolysis.
¥o ghort chein intermedistes could de found, and this obserwation led
%o-4he-suggestion thet the mechaniem of feamylase achian vas single
¢hain. 1In a later paper Swemsen!® reported the changs in spectrs of
Beamylase. It was found that the height of the abmorption surve
steadily decreased, bub did not ehift its pesk from 650 millimderons.
This obeervetion ales sugzested a eingle.shein mwcohanism, Cléveland
and ‘m&w,m*ﬁ and Kuw?h in similar experiments alse swpported the
singlewchain mechanisn,

o somplex during the course of a digestion of amylose wish

fopking and ce-workers, ? in a stuly of the kineties of the actien
of B-amylage on potabo amylose, suggested that the longer chains were
attacked profersntially and more rapidly. Since the hydrolysis ocourred
at o stesdily declining rate, multi-chain action was indicabed. Bourne
snd Whelan'® reviewed the work of Svanson, Cleveland and Kerr, as well
a8 that of Hopkins ¢t al., and came to the conclusion that the malbi.
chain mechanism was the more probable mode of abtack. French and
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wwwrmmn skiaciced the problem by following the adtion of B-amylase
{soy bean) on meltohephasse prepared from the f-Schardinger dextrin,
Under condibions of tewperature and pH which wers favorable to the

Ab no time during
opentsose obgerved.
ngle~ohal pench ob 83.78
found thet by wsing wnfavorable sonditions of tempersiure or pi the
initial products of a B-amylase digest of maltvhepiaces were maltose
and maltopentaoss, Nventuslly, the ualtopenteose dissppeared, forming
moltoss and maltotriose. Recently, Hopldos and Jelinekl? have de-
ned the Mishaelie consbants for Pesuylase on potabo amylose and
its short chain fission produsts. It was found that they ave of the
same order of magnitude, indicsbing that Peamylase does not reslly
have s grester =ffinity for eithey short or long chains. Bird and
mw studied the action of Pramylase en amylose fission produsts
ranging in degree of polymerieation from 16 to 30. The vesults of
this work were consistent with the multi-chaln mechaniem. I was also
found thet meltohexasse was attacked by P-amylase with the formation
of maltose snd malotetracse, The malbotetraces scousnlated until all
of the maltohexsose was goms, and then 4% wes Mydrolysed to maltose.
It wes reported in this work that B-amylase slowly hydoo]

anylotringe.

A new method for the determination of multi-okain or singl

chain ackion was veported by mm,m One of the problems invelved



- of the Jodine

in the diffeventistion of these two modes of attack, was the prepe-
ration of a homogenscus suylose~type substrate, This diffioulty was
zmmmé by preparing the substrate through the action of phosphorylase
on glusose-l-phosphate using maltepentevse as a primer, It was found
that these preperations 4id not vary widely from the aversge in their
distribution of molecular welights. A B9 wnis pol ride was

raded with B-arylase ab varying conditions of tempevatuwre. The
digest waz followed by the change in the peak wave length (A maximam)
 shain st verious intervals. If a strictly single-chain

remadn constant,

‘ hanged substrate and maltoss would be
present. If a mlti-chadn mechanise is the c¢ase, A maxism would
chonge gradunlly during the course of digestion. It was concluded
from these ohseryabions that the action is never of one type, but

1y as the tempersture changes. As originally sug-
gested by Fremoh, 1t appesrs that the resction is most nearly multi-
chain st extreme femperatuves.

Bscently Balley and Emahm have worked out a novel provedurs
for demonstrating the maltiple abtack of Beamylase. An amylose-type
substrate having sn aversge chaln length of U3.7 glucose units was
synthesized from glwovee-l-phosphate and malboheptacse using potato
phosphorylagse. This polyssccharide was then used as a "primer® with
radiosctive glucose~l-phosphate until an aversge of 0.22 more glucose
units hed been added to eoch molecule. It was caloulated that this
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degree of substitution gave s product with 80.25 percent of the
chains sontaining no rediocsstive glusose, 17.62 percent containing
one radiosstive glucoss unit in the terminal position, and 1,9%
percent conbtaining two vadiosetive gluvose wnits., The distribution
of more highly substituted chains fell off sharply. This tagged b
unit chain was then subjected to the action of orystalll
potato f-amylase. The specific ssbivity of the maltoess formed ab
various degrees of conversion wes determined. From this date and

an snaiysis of the kinetics of P-smylase achion, 1% vas found that
4.3 maltose mits were removed for each effective encounter of ensyme
and substrate.

B sweeh

There ave two alternative explanations for this astion: (1)
wultiple successive reastions per encounter, or (2) multiple active
conters per engyme molecule. In order to distingulsh between these
two mm&%&i&iési 2 35.0 unit polysacsharide was preparved which was
labeled 4n the elghth glucoss unit from the vedueing end. When this
polyssccharide was subjectsd %o the action of f-amylase o the éxtent
of 2.23 percent conversion, it was found thet the maltose formed had
& specific ssbivity of 0.1M6 times that of the remsining polyssscharide.
A theoreticsl valus caleulated on the basis of a multiple attack per
snoounter wes 0,146, The theoretical value for the hypothesis of
wmaltiple active centers was 0.0043. Thevefors, this agresment between
the observed snd caloulated value for the ratic of specific sotivity
wpide substantiates the hypothesis of
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ioerans which contained an enzyme gapable of producing the dextrine
without the simltaneous formation of glusose, maltose, or other
roduoing eugars. It was inferred from this work that the dextrins
ware not products of synthetic metadolism of the organism, but were
either true components of starch or ¢losely related to such trus
components. Tilden and Hudson alsv devised a microscopie test for

the determination of enmyme setivity whisch wes based on the production
of orystalline fodins complexss of the Schardinger dextrins. Norberg™
reported a method for the preparstion of a highly purified meserans
amylase which was sssentinlly free from hydrolytic activity.

Sohvimer and Garibeddi® veperted a method vhich gave a tenfold
inerease in enzyme as sompared with previous metheds. In studies

on & highly purified sample of maperans smylase Schwim 227" found

thet 90 percent of the protein consisted of one enwyme componsnt
having s molecular welght iu the vieinity of 100,000 and an fes~
electric point st pH of B.5.

MeGlenahan 8% al.”" reported thet the enzyme acted en starch with
& repid decrense Q viscosity, and a grafusl decrease in eptical
rotation. In contrast to other amylases there was 1ittle 4f any
inovease in the reducing power of the digest. Barker anl Bourns o
pointed oub thet the formeiion of eyelic dextrins is facilitated by
the natural tendemcy of a-1,4 glucose unites to assume & helical con~
figuration. Oori?> suggested that the formation of e and -dextrins
was an exsmple of a glucosidic exchange vesetion rather then a
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sontirned by Velfvom st a1’ vho naned the eugar pancss. Freach
sl eo-woxkers™?" reporied that panose soted as a So-substyade in
2 ooupling reastion with a~dextrin. The initisl product undergees
a "homologlzing" resction with the ultimate produstion of a mixture
of low moletular welght brand ‘ sharides of varying degrees
of polym

risation.

+

The doupling reasction between c-dexirin snd redlosstive glucose
has been used by mmm and Nordin'®2 as » method for the preparation
of linear oligosaccharides which are tageed in the redusing glusose
undk,

Hobson et _é.%}ﬁliﬁ 108

reported finding s debrasshing enzyme, B
enzyme, in broed besns snd potatoes. R.enzyme achy on either amy.
lopestin or the B-smylase Limit dextrin of emylopsetin s produce a
material that has & greater lodine staining power than the originel
Pelrabh. Tt SRR of Fatyian Sn Mmont avbishain d
waltose 4¢ also inoreased after tyeatment with R-enzyme. R.ensyme
is & purely hydrolytic sngyme, snd has 1o link-synthesizing funotion,
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(3) aad (1) to (2) with stirring, and make the solution

up b0 one liter with water.
(B) Phosphomolybdic acid

{1) DPissolve 15@ gn. molybdic seid (ammonis free) and
75 gu. of snhydrous sodium carbonate in 500 ml. of
water, and heat until all the molybdic asid hes
dissolved.

(2) Filter if necessary. Then add 300 ml, of 85 percent
phosphoric acid to m filtrate, and make up 0 a
Liter with water.

Resgent (A) was sprayed on the chromatogram, which was then heated
in an oven at 100-110%0. for approximately five mimutes. Next the
chromatogram was sprayed with reagent (B) and allowed to alr dry,

All of the chrometograms developed as indicated were recorded
vith a photovelt densitometer, model 425, The instrument was equipped
with a sconning stage for semi-mutematic plotting, and s slit aperture
1 by 15 mm, was used in all cases. The pontrel of backgrou
on paper chrometograms proved extremely difficult, with the eptical
md varying considerably. In sach vecording
baskground was set at an optical demsity of 1.0 x 1070, Tne
recordings obteined were, in effect, plots of the distance from the
sppiication of the spob against the optisal density. They were not

nd dntensity

density of the begl
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srtionlarly helpful in a guantitative estimabion of concentration,

A wmecond method of paper chromatography was used vihich was first
reported by Wadman snd g%m@ﬁg« ‘This progedure was used for a
quantitative a8 well as a qualitabive estimation of reducing
oligosascharides. In the guantitative method the sugar solutions
were applied %o Whatman no. 1 filter paper with a%wﬁﬁé pipettes,
4 golution of Nell-nsphthyl)-athylensdiamine dihydrochloride was then
spplied directly on top of the sugar spok with the same capillary
pipette. The chrematogram was hested in an oven at 100°C. for 30
simates. The resulting sugar derivatives which were fluorescent
¢ paper chromatography. Yor a
qantitative determinabtion the individasl spob were cub oud, end
the flnorescent derivative was eluted with & 1 percent solution of

were then ssparated Ly descends

podium phosphate, The samples were then msde up %o 5 ml. in volu.

metric flasks, and resd in s fluoremeter, Stundard curves were made
for the various sugars being debermined,

were va%#?&ﬁm separated on paper as descridbed by ﬁﬁﬁ?p@m The
solvent system commonly wsed in this separation was water-saturated
methyl ethyl ketons.



The carbon column Sechnique of Vhistler and mm was aned
both in separsting out falrly large quantities of sugars, and in
purification of enayme digests preparebory to paper shromstography.

Reduoing Mamiw&iw were made by the mlwﬁa‘% eolorimetyie
methed. A standard curve was mede for meltose, and reducing values
wore caloulated as maltose.

The polavimeter was used in dstermining the concentrations of
the various branched oligosaccharides. A glase polarimeter tube 20
em, in length was used throughout. The epeeific retation for the
various branched compounds was caleulated using 33 or panose ns the
basis sbructurs, snd adding the contridutions of the vemaining single
glucose wnibs, A sawmple celewlation for the 35 BOMDL

ls follows:

Molecular rotation = [M] = [&] 5 x MW,




Perdodate oxidation was used specifically in dete:

aing the
uﬁgﬁn% of vardous flavaszeles oblained from P.amylase digests of

the produetion of flavazole aldehyde could be used in distinguishing
hetwesn two alternative strustures.

Panose

Crystalline panose nsed in thess experiments was supplied by

wes bydvelysed, and added to the Sop of & carbon-celite column eon
taining 300 gn. of sfsorbant. The column wes wasbed with sbous 4.5
1iters of wantey, offestively removing the bulle of the gusese. Aboub
1.5 1iters of 7.5 percent ebhanel contained the bulk of the isomaltose.
A 12 porcent yleld of isemaltose was obtained vhich was sultably free
£rom other 2 judged by paper shromatogrephy.

edusing sugars as
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& fine bore pipette. The chromatograms were glven ten ascents in
3-4ub, Warrdw strips weve cut fyom the edges and the middle of each
chromatogrem, and developed with the copper reducing spray. In this
way the positions of the compounds on the remaining filter paper vers
deternined and cut out. The puper strips from the various chromse
tograms were groupsd together and extracted in » Soxhlet extragtor.
The % solution wes then concentrated Yo 2 small volume mnd streasked
on four papey chromstograns, The chromatoprams were developed ten

' 8 located apd cub out as y‘wﬂmw

The isolabion of the 1&5 ‘and B., fractions was carried out in the same
wey, and the resulls are resopded in Padle 2, Bach freotion was found

by puper chrometography to be fairly free of higher or lower homologues.

A dlgest cembaining 1.2 gn. of isomaltose, 1.2 gn. of a-dextris,
75 unite of maceyans anylase, and & grain of thymel was incubated




T

Table 2. Concentrabions of branchsd o)igossccharides

Fraction Oaleulated . Obgerved Concentratien
specific rotation robation in ng./nl,

3, e° w2 hao
3 180° 1.149 3,10

40%C, for 12 days. The digest was then filbered ani comventrated, and
the lovw mhmlm wolght sugers we noved on e darbon colvum, The

L eompounds of inberest were ﬂmmm the colwm with a 40
pereent solntion of ethavel. This solubion was concentrated te a
swall volume asd strealsd sa 30 paper chromstogrems. The chromatogrens
were given eight ascents in 3-Y6, and the branohed compounds were
located and tut oub a8 previcesly descyibed for the Wuﬁ produsks. |
The bremched fractions 3@, 85 and ﬁﬁ were :ta.ﬁﬂ,y well separated by
wph for furthe

eight ascents, and 1% was not meoessavy to rechromatograp
parificstion. The specific rotation was saleulsted for this sories of
mpounds using panose as the basis structure. The resmits obbained
and 4n Table 3. The homogeneiiy of
heoke: graphy. 1% wes found
that, slthough the B, end 2&5 fractions were falrly free from other
mexbers of the seriss, the Be frachkion contained o substantial amount
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Tsble 3, Consenkrations of branched elige

ik  Galeulated Cboerved Cones
Fraction gpecifie rotation robation m m‘lm.

a.mz ?aw
1.853% 5.40
1467 %.16

This a? was obtained from a mixture of salivary amylase limit
red from waxy madse by wm.wﬁ The B, ves separated
by the multiple ascent technique. TPwenty chrematograms were developed
12 t4mes each, and the B; snd B, compo ‘

hranched soupe

pounds were «&aﬁw conventrated, and stresked on sixz
pleces of filber papsr. These dhromabograms wers developed 20 tinmes,
and the B, was extracted with bolling water. The soncentration of
BT vas dotermined by ophicel »ol

phation, md was found to be 2,90 mg./ml,

o2 gthod deseribed
About 50 gm, of the water selubls mixture

by Hassid and Weoready.
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hezagons changed to a needle crystel struoture. The appearance of
the needles was token as the assay end point. That amount of ensyme
whieh vill sonvert 30 mg. of starch to the end poist in 30 minutes
at 40%0. te defined as one wnit of m
period for maserens amylase as defined by French and mwm»;my’
4o "that time of reaction belween enzyme and substrate which, under
the conditions, would be just sufficient to convert sn equal weight
of storch to the Tilden snd Hudson end point”.

The erude filtrate was found to have an activity of two unite
per ml., but 1t also had a cerbein amount of hydrolytic aotivity.
One ml, of this filtrate was capsble of producing redueing substances
squivalent to 1.92 mg. of maltose in €0 conversion periods. This
hydrolytic astivity grestly redused the yield of the higher brasched
oligosaccharifes in the couplis
parifiostion of the enzyme was netessery,

& recetions, and it was obvious that

The orude euzyme solubion vas purifisd in the folloving fashion,
and the purified ensyme wos used lmmedisbely after purificstion. The
orude ensyme was cooled to 0°0. and am equal volume of 95 peveent
ethanol was cooled in a dvy ioe acetone Dath to -20°C. The two
golutions were mixed, and kept in the dry fee bath, keeping the
temperaturs below 0°C, e presipitate was then santrifuged down,
and the supernatant liquid was disserded, The precipitate wae
suspended in cold water with vigorous stirri
being equal %o one~tenth that of the erigh

. bhs volume of water

1 erude engyme solution.
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The orystalling Peamylase used in this work was kindly supplied
by Dr. 8, Schulmmer of the Western Reglonal Research laboratory. The
determination of the sebivity of feamylase wes a modified version of
the method veported by "!E:M&awny and m carried out as follows:

The Bwamylage solution wes made up from the orystalline suspension

at intervals as needed. The working solutlon was then assayed for

activity. The ensyme unit was defined as that amount of P-amylase
which would produce 1 mg, of maltose in 30 sinutes under opbimum cone
ditions. Inbe each of two 100 ml. volumeiric flasks, 15 ml, of 1 per-
cent starch, 2 ml. of acebate buffer (pH » 4,82, M = 0.2), and 10 ml,
of water were pipetted. The flasks were then imsubabed at 35°0., and
shen the contents had reached that temperature, 0,1 ml, of the f-
afylage to be assaysd was added bo one of the fleaske. Both samples
were incubated at 35°0. for 30 mimubes, snd ab that tims they were
mads up bo ml. with Qistilled water. One ml, aliquot samples
wore immedistely asalyzed for reducing power by the Nelson method

and caleulated as mg., of maltose,

R-Bagyme

The Reenzyme used was prepared by Dr.f. N, Wild from broad bean,

Salivary saylase

The selivary amylase was freshly cdllected and filtered before wse.
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EXPERIMEETAL

Aotion of m;§w§ on Panose Coupled Products

The action of Bwamylase on the individusl fractions of wm‘ wm‘

Teble %, Peamyluse digest of m,,.m

¢ 25 9 & Y% 56 68 s 204 16

A uw solution containing approximetely 24 mg., of the branched
oligosaccharides in 0.2 ml. of wabter was incubeted with B-amylase,
The enmyme was sdded pericdicslly as indicated by Tabls L. Samples
vere taken at verious intervals during the digest, md s paper
chrometogranm was prepared, The chromatogram wes given four ascents
in 3-4.6, #nd then developsd with the spray resgents (4) and {B) as
previously dsscribed. The chromstogram wes air dried in the hood,
and recorded with the densitometer. The recording is geproduced in
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Fig. 4, Action of B-amylase on 35 from panose
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Pable 6. Beamylase digest of 37

in hours 0 18 hg 66 B0 92 a4 128 1w
mam )
in units 12 2 24 2 24 120 120 120 -

stages of the digests that somwe impurity was interfering with the
geparation of the eligossecchsrides. In order to remove the interfering
materials, each of the digests was purified by adsorption on charcosl,
A charcoal-celite column was made wp, approximately 3 om. in dlsmeter,
and contained 2 gn, of adgorbant., After the column was washed with
distilled water, the 35 digesb was added to the top, and wnshed with
40 ml, of distilled water which was discarded. The sugars of the By
digest were then eluted with 150 ml, of U5 péroent ethanol, The Bg
and 37 digests were purified in a smmw woy. The three ethanol #em-.
tions containing the Bﬁ, 35, and B‘I digests were concentrated in yseno
to amall volumes of several tenths of a ml, A chromatogram wus mede
and recorded, as previously indicated, for the three purified &igests.
The ehromatogrem was given four ascents in 346, and is reproduced

in Pig. 7. After the last chromatogran was mafe from the purified
digests of branched oligossccharides, the remainder of esch digest

was strealked onto a plece of filter paper. The chromalograus were
developed, and the residual :.B:3 and B, were isolated. Both of these
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Table 7. Penose coupled oligosascharides

fractions were subjected o further aotion by B-amylass, Tt no
forther hydrolyeis was detectable.

In Tebls 7 are found the possible isemers for the Bgy Bg, and
By frastions, Thare wos & resistant By and B, and thore may have
bsen s very small amount of a mxiz&m& 37 The isomer 35‘ vas
detinttely resistaut, snd Wild'%% stated that By, ves destroyed
by Pesmylase. From this information 4% was impossible to asy whether
to predict which of the

3% was resistant or mot. It was impoasible
35 or 31? isomers might have been resistant to S-amylase,
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A digest of Reensyme snd the 3‘5 frection was incubated at room
temperature. A sample was spotbted on a paper chromategram, Next,
the products of this digest were trested with Peamylase at 35%., and

a second sample was spotted on a chromabog

am, The chromatogran was
recorded and reproduced in Fig. . After R-enyyme sction, 3..3, ;&5, G,
sd with 2 swell amount of :&5 remaining resietant.
After having heen digested with P-amylase, nearly sll the remaining
resistant “35 disappeared, with the production of move G, and 1%3.
1114 tnatcated thet a mmber of branched compounds with a single
glucose branch were falrly resistant to the setion of Beenzyme, This
would mesn theh :3% should be the most resistent to the sotion of Re
enzyme, Since the Mam resistant 355 wag attacked by B-amylase,
it seemad ressonable that I&% was abtacked by P-amylase, and that

and Gy were produs

:@53 wos the only Bresistant lsomer of the Bg group.

The Peresistant :&5 compound was digested with Beenzyme at room
temperature, with the produstion of a smell amount of Gy and fairly
large smounts of G, and G,. This experiment wae repested in ovder

to get a chromatogran mmm for s yecording whiech is reproduced

in Fig. 8. In the second experiment, only glucose and malbose were
formed with all of the B being hydrelysed. It was apparent from

this sxperiment, as well as from cthers, thak there is enmymis astivity
present in the Repreparation other than that of the R-engyme iteelf.

It may be due to an amylase or a glusesidase. The glucoss and maliose
were present in nearly equimolar guantities. It sppeared that the
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Phe Bys Tﬁg* and 336 digests were then stresked on filter paper,
and the resistank %, ?35; and 3,5 were isolated., The 3“ fragtion was
subjected to further action of Peamylase, and was found to be resistant
to the prolonged sotion of large amounds of enmuyme,

Table 8. Isomaltose coupled oligosaccharides

In Table B are found the possible isomers for the By, By, and B
frastions obbained from the isomaliose coupling resation, '
Some of the chrometograms of the isomeltose coupled products

geomad to indioste that coupling may occur exglusively or prefer.
entially at one of the two positions aveilable, In order to



investigate this pessibility, the By fraction from the f-amylase
digest of 35 vas isolated, A flavazole derivative was mede fyom

the 33 fragtion and stresked onto one filter paper. The shroma-
togram was given two ascents in water saturated methyl ethyl ketons,
and $wo By flavazoles vere evident. However, the repidly moving
flavesole from By had a much stronger band than the slower moving
flavazole from BB’? The individual stripe were cut out, and the
flavazoles were eluted with 10 percent methanol, Bach of the elustes
was made up to 5 ml, volume, end the opticsl density was read in the
Klett-Summerson photoelactrie colorimeter. The purple filter no, U2
wos used, and the instrument was zevoed with 10 percent methsnol.
The flavazole from ”}l hed a, Xlett reading of 225, and the one from
3},& had p resding of 130. This indicated a 2;1 ratlo of :&3‘ to :ssb.

Aecording Yo mmmm styucturs {(a) will form flavazole aldehyde
vhen oxidiszed with potagsium periodate at room temperature, and
structure (b) will not form the flavazele sldshyde.
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of Besmylase, 1% sppeaved %haﬁrﬁhh wga_a$ﬁa‘ ;~a~~“f 4 by f-amylase.

The resistant B, which probebly consisted of the single com-
pound By, was digested with R-enzyme. It was felt that maltone might
‘have boen obtained from the B, bub Reensyue hed no astion on the f-
amylase resistant By »

he Beamylase resigbant % was subjected to the prolonged action
of large smounte of salivery amylage. The products of the digest were
derivatized as flavasoles. A paper chromabogram of the flavazole
nixture indicated subsbonbisl wmounts of & 23 flavasole which sorre-
sponded in mobdlity Yo By.. A very fainb spot of a second By flsvamls
nding to %& was also evident., Furtbermore, s small amount of
ntly resistant or only slowly hydrolyzed by salivery

correap

amylage.

Since 133“ and 33% were produced from the ;&5 fravtion, it was
spparent that 3% and 335& mast have been attacked by Pesmylase. In
addition, the sbove experiment indieated that both 35& and \:ﬁ% wors

resistant to P-amylase.

The resistant By und. vas digested with R-enwyme at room
temperature. The products of the digest were found %o be Gae %‘
and Gy A wmsll amount of Bp remained unattacked, bus apparently

the major portion of the resistant B, was Bg .
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MOLES Go PER MOLES SUBSTRATE
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Fig, 12, Action of B-omylase on panose coupled products
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Fige 13. Action of B-amylase on panose coupled products
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The B.amylase digests of the 3& fractions were made up in two
25 ml. volumetrie flasks each containing 7 mg. of By and 2 ml. buffer
(pE = 4.82, 0.2 M acetate). The first digest contained 160 nnits of
Boamylase, snd the second contained 2,000 unite of Pesmylase.

Two :35 digests were wade up in the seme wey. Xaoh flask conbained
5.4 mg, of }!54 the first digest contained 80 units of ensgyme while the
second conteined 2,000 units of B-amylese,

The two Bg digestz also weve made wp in the same way. The first
flask contained 4.1 mg. of Bg and 36 wnite of ensyme, while the second
contained H.1 ng. of aém 3.6% units of P-smylase. A semi-
logarithuie plot for each of these digests i€ found in Fig. 1. A
plot of the initial rate of B-amylsse on sach of the three branched
s is found in Fig. 15.

Three digests of glycogen were sarried out. Zach contained 10
ngen end 2 ml. of buffer in a 25 wl. volumetrie flask.

ng. of glye
Three levels of P-amylase were msed: 52, 600 and 2,360 units re-
spectively. The reducing value was determined periodically as pre~
vionsly desorided, A semi-logarithmic plot of this digest iz fourd in
Tig. 16, and a plot of the inmitial rate of Praumylese is found in Fig. 17.
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Pig. 14, Action of B-amylase on isomaltose coupled products



MOLES G, PER MOLES SUBSTRATE
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Fig. 15. Action of B-amylase on isomaltose coupled products
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MOLES Gy PER THEORETICAL MOIES Gy
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Fig., 16. Action of B-amylase on sweet corn glycogen and
maltoheptaose
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lase Action on Maltoheptaocse

Two digeats of 6%7 were nade wp, eath containing 10 mg. of @7
and 2 ml, of buffer. The digests were incubated in 25 ml. volumetric
flasks, with the first conteining 50 units of P-awylase, and the
seoond containing 1,800 wz&a. The senmi-logarithsle plot of this
digest is found in Fig., 16, and the plot of the initdal rabe of the
mmi;mxi is found in Fig. 17.
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DIScUSSION

Prepavetion of Model Subsbrates

The preparation snd use of model substrates in the determinmation
of engyme action ie » veluable @@w in the stuly of any enwyme sysbem.
4 wll known example of this approach is found in the work of Borgmamn
and u_ﬁ?ﬂm& The use of this technique in ths stuly of amylase
setion has been employed by verious workers, ineluding ma%wo& and
ﬁgﬁm in this lsboratory,

The preparation of suiteble model substryates for investigation
of Pesniyluse action presented certain diffioulties, fThe most
desirsble method would have Vveen o chemical synthesie of single
compounds of koown structure., However, the chemical synthesis of

the type of oligossscharide needed would become extremely complicated,
and would not be prastical. The megderans amylase coupling reastion
provided a Mological synthesis of oligossgcharides which was suitable
for o study of this type. The great difficulty of this synthesin was
in the nsture ef the prodwoks produced. Not only were compounds of
varying degrees of polymerizabion ,mgmﬁ%? bub also isomeric
oligonac X ¥ides. The preblen of separating this mizturs was a
difficult one, bub the technique of paper chromatog
provided st lsast a partisl answer. It was o foirly simple project
to separste these mixtures inte fractions having the same degree of




7

polymerization. At the present thers is no known method for
sepayating the frestions inko their individuel imomeris o
with the exceptions of the By compounds from the pancse ceupling

resstion, and the 3.5 compounds from the losmaltoss coupling reaction.

T

This method of preparation of » model substrate lesves something
to be desired, in that the final product is not a single compound of
known structure.

rver, sach of these fractions contalning fvom
some interesting
information concerning the aoctlon of fe-amylase. The study of the
setion of Pwamylese on any one particular frection Aid mot prove o
be as helpful as the combimation of facks obbained from studying the
attion on all of the fradiions. Farthermore, in muny Tractions an
eligossochary
of the hydrolytic enzyme, and a determination of the strusture of
these vesidual oligosaccharides proved pertiowlarly helpful.

three to five isomers cen be used 6 provide

de was spparvently completely resiptant to the action

Qualitative Action of S-Amylase on Branched Oligosecharides

In Fig. 18 are found photographe of Flucher-Hirsohfelder.Tay
modals of 4wo vligosaccharides, Oligossscharide {(A) is linear, and
containe five glueose units joined togethsr by a-l,4 linkeges, while
(B) contains one branch or awl,b linkege, and iz comprised of five
glusose units, Oligosacoharide (B) is typleal of the molecules
studied in this work. 'The gqualitative study of the astion of B-amylase




{B) Branched pentassscharide

Fig. 18, TFischer-Hirsshfelder-Taylor models of
branthed snd linear pentassscharides
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Table 9. Astion of Beanylase on branshed oligosaccharides

Noneresistant linkasges Resisbant linkages

1the end groups listed in Table 9 were arrived at by an exami-
nation of the sotion of Be-amylase on all the wvarious branshed
oligosaocherides. In certaln cases {non-resistant 4, resistant e),
these conclusions were not supported by direct evidence. However,
the questionable snd groups do £it the over-all pleture.

on the varions oligosatcharides vhich are analagous to the branch
points in amylopectin or glysogen led to the conclusiens sumeerised
in Teble 9. It wes apparent that one chaln exerted an influence on
the other in so far as the sstion of Pesmylase was concerned. The
presence of one gluoose wndt on the opposite chain appesred to mske

& rosistant linksge ont of one which was formerly non-vesistant. It
wasn't partioularly surpriesing that this wes the case, for the enzyms
itself, sccording %o Englard and ﬁimrg% has a molecular welght of
152,000 ¥ 10 percent. On exemination of o Fisther-Hirschfelder-Taylor



nodel of the partieculsr oligosaccherides involved, it seemed quite
veasonable that an extra glucose unit might well have prevented the

approath or attachuent of the bulk

A comparison betwesn the action of salivary smylese snd f-
amylase in the vioinity of a branch point indicated that the two
engymes might really be quite similer. Salivary smylase was eapable
of hydrolyszing any linke that Peamylase could and in some cases
pe vhich were resistant to B-muylese, Salivary

gonld ast uwpon linkag

amylase acted upon amylopectin to produce s mumber of branched
rides, inoluling a By vith the folloving struoture:

« «» This oligossocharide was not completely resisbant to

secusmlated in the latter stages of the digest. Upon isolation of
this compownd, it was found that although salivary smylsse slowly
broke it down, Peamylose was incapable of hydrolyzing 1%, This
observation led to the suggestion that the difference tetween these
Ywo enzymes might be one of degree pabther than s distinet qualitative

difference.

4 study of the action of P.amylase on these low molecular weight
oligossccharides mﬁ‘fﬁm from st least two standpointe. The first
of these is the faoct thet the subedrates weres mixtures, as has previ.
ously been discussed, The second was concernsd with the relationship
between these rather mmall moleewles and the comparatively huge



(0

natural melecules of amylopectin snd glyeogen. Possibly o molecule
such as .?muw.. would have ached differently than one such as
379 &

0ulelulDwfub= , which would be more nearly analagovs to the linkeges
bl

found in amylopectin, It is possible that molecules of the latter
type eould be obtained from the partial lydrolysis of amylopectin
with salivary amylese. Doubly branched styuctures obtained by the
aotion of salivavy amylase on amylopectin would also provide inter-
esting test substrates. The following structure for BBy,, suggested
By muﬁpﬁwﬁ is an example: au% e T |

0.0 ®

?ﬁamw and wagsﬁmu bave held the view that the end groups
in the B-amylase 1imit dextrine of amylopectin snd glycogen average
1.5 glugose unite. According to Meyer and Bernfeld, the four possible
structures for the branch points of s P-amylase limit dextrin were the
following: |

(3) (&)

By methylation studies it wes found that the sams number of end grouwps
weye present in the limit dextrin as in the natural melecule. Although
it was ooncelvably pessible to obtain meltose by hydrolytic astion on
sbructure 2, 3, or I, this would have meant the loss of an end group.
Bince no end groupe were lost vhen Peamylase was allowed to act on
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Table 10. Relative rabes of f-amylase on glycogen, maltcheptaose,
and the branched oligesaccharides

Subsirate ‘ Slops | Relative ratse

Maltohephaose 123 x 107 1

Sweet corn glycogen 262 x 0~ 0.620
Panose coupled products 1&? 156 = m"‘* 0.370
Panose coupled products 35 o x m“n 0.095
Penose coupled produsts iﬁg 1x X H 0.002
4.5 x w"’“ 0.223
69.5% 107 0.264

glx 107 0.013

Isonaltose coupled @w&wﬁkﬁ
Isomaltose coupled products

£ o L

Isomaltose goupled preducts

miltiplisd by the tims digssted under certain spscifisd conditions.
An &Mﬁmﬁi&n of Fige. 12, 14, and 16 sdds support to this view.
If a true absolute limit dextrin is formed, one would expset these
curves to level off after extended periods of degradation. However,

this is not the case, and it 1e lmpossible, Ly o3
to may that o limit dextrin is uwitimetely produced in any of these
m&ﬂﬁﬁ.

ining these curves,



L&

detion of B-Amylase on a Natural Molecule Such as Amylopectin
or Glysogen

Using low moleeunlar weight model substrabes to study the actien
of a particuler ensyme on a high woleculsr weight natural product has
certaln limibkations. In the sase of & woleenle having the smylopectin
type structure, thers are many sites where engyme sobion ¢an eccur.
It was evident from this work that one chain had an effect on another,
In the simple cmsss studied, only two chalns were avallsdle, In
amylopectin or glysogen, vwhere many shaine weve available, this effect
might have been grestly exaggerveted. TFurklemore, the only type of
branched compounds studied were those which womld be found in the
Meyer type strustuwre., It iz gquite possidle thet branching, euch as
one would find in the Baworth or Stendinger sbructures, might also
oocour. An isolation snd study of doudly branched dextrins might be
helpful in anavering o mumber of these questions.

The low moleoular welght breanched oligossccharides which ave
resistant to the action of B-sumylase do give some jndication as to
the type of end groups one could expect in a so-called limit dextrin.
It seems ressonable thab degredation wsier comparable conditions
would precede no farther, if as far, in the natural molscule. There
are very definitely ceriain similarities in the ourves found In Figs.
12, 14, and 16. In the curve for glycogen, there is apparently a
slow hydrolybic setion in the latter stages of the digest. The rate
of this atbion is comparshble to the rate of P.amylase on the panose



sudzve Fupouszqep ou§ JO woTlow ouy L{rnzeres Lpngs pue Lypand oy
Azeumesen oq WpePe PIROM 41 CULLXOD $TWEL O3 WY SqN4E esoonyd etFuys
30 opueainoso eyg Pupurecuvs worqwend ouy eryses pINes wiyvedordme Jo
UIAXeD ATUFL oseTlue~d oyy Wo eswpiEOOMIF 9~ W ewliwe~y JO UOTYOR
eAfesesons ey ‘Joded we PRRST4USYT PUe pojuredes oq PLMOD SeATYeATIep
Supyases o puR ‘sPRATYOOENOPETO eSey FO SPUM o4 PTNOD SSATIVATIED
OTORBANTY SepPILCULOUSOBTTe e0TANe JO Betaes ¥ UL 4INES PIROYS
upjoedordue wo emfrue~y poyrrand LTuBry @ Jo uoT4vE ouyf ‘pesidejoervyo
81 uoTqew esoyn ewliue we pue ‘suixue~y persiand AuFTy @ extubes
PIROM wpede qzon Fo odly STYE UOT4EFT4SBAUT JO PoUASW oTqUBYEA
axow ¥ eq o4 esoxd Jy@tm wyjsedordme fo ujxgxep JLuyy eswyduwe~g ouy
wo emfzue~y JO WOTLOY oS ‘IGAGMOY *SePLIvHILEROSITO Deuysusay uPies
LPROATOW AOT JO SANJUNLYS Oy JO UOTIBUTRIAGED eyj WP [604 [eoyydreue
Tazasaod © oq PLuGK eulue st 3o oydwes POTFIINE ALY v

“oulZue~y 3O SOTIOUEN P Lgyosriveds exg yo Lpngs eyy up ragzdrey
Axo s oq ﬁgs Aaon STUS W} peen sequaisque Tepow eyy drey jeesd Jo
o4 prnes snfrue-y JO uOLjow Pwe WOTqwelrand ‘uoygerest eqy Jo Lpnys
¥ CT00% eyqunrwA ssel © 4T epew WpIuM Agpinduy ojmizve us peuysiues
Srsuepise squemgasdxe eseys Ul pesn ewliwe~y eyl ‘uopiuBTsesuT 203

wOLE TOFIINAZ € g Procs wigeedordus Jo sangonays PeNpURIq ouy JO
£pugs owy uY ‘emisde-y #v quMe “sufsue FUTUSIQED © FO esn T

Apge IeqgIng J0F suctyseSing
g petdnos esoyremony euy pue Jg perdnse

o8



81

{oel, b-gluconidase) befors its use would de m

A study of the action of Peamylose on brasched dextrins obtained
by the limited ackion of salivary amylase or atid hydrolysis wouwld
offer soms interesting informetion. Doubly branched compounds, and
other dextrins which are more nesrly analogons to the linkages in
smylopectin than those investizated here, could be stufled in thie
vay., The problem in this type of investigetion would be in the
separation of the various branched dsxtrins, The answer to this
queation night be in the preparstion of a dexirin derivative which
wuld bs more readily separsble. The nse of this technique would
necessitabe the removal of the derivatising grovp, without degradation
of the dextrin, | ,
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