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Abstract:

A new transglucosidase, found in potatoes, is reported, The enzyme transfers the non-reducing glucose
from isomaltose to acceptor molecules of maltose, maltotriose and1 higher molecular weight
maltodextrins forming linear primers for the starch phosphorylase reaction, The enzyme was identified
by activation of starch phosphorylase by forming primers for the latter enzyme. This activation was
noted by both an increased formation of the amylose-12 blue complex and increased release of
inorganic phosphate when isomaltose was added to the partially purified enzyme system containing
starch phosphorylase. The enzyme preparation also contained chromatographically detectable
impurities of glucose, maltose and maltotriose.

The transglucosidase mechanism was identified by (1) it’s role in furnishing substrates for the starch
phosphorylase reaction, (2) incorporation of C14 from glucose-U-C14 into the isomaltose moiety after
equilibration with the enzyme and isomaltose for 48 hours, and, (3) by the incorporation of Cl4 from
isomaltose-U-Cl4 into maltodextrins with the subsequent release of glucose-Cl4 into the incubation
media when the enzyme was incubated with isomaltose-U-C14, maltose and glucose-1-phosphate .

The proposed mechanism is as follows: Isomaltose + Enzy--------- Enzyme-Glucose + Glucose
Enzyme-Glucose + Maltose --------- Maltotriose + Enzyme / starch Maltotriose + Glucose-1-phosphate
phosphorylase amylose+ Pi
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ABSTRACT

A new transglucosidase, found in potatoes, is reported. The enzyme
transfers the non-reducing glucose from isomaltose to accéeptor molecules
of meltose, maltotriose and higher molecular weight maltodextrins form-
ing linear primers for the starch phosphorylase reaction.

. The enzyme was ildentified by activation of starch phosphorylase by
formlng primers for the latter enzyme. This activation was noted by both
an increased formation of the amylose-I, blue complex and incréased re-
lease of inorgenic phosphate when isoma%tose was added to the partially
purified enzyme system containing starch phosphorylase. The enzyme pre-
paration also contained chromstographically detectable 1mpur1t1es of gilu~
cose, maltose end maltotriose.

The transglucosidase mechanism was identified by (1) it's role in
furnishing subﬁfrates for the staﬂph phosphorylase reaction, (2)’1ncor~
poration of cl* from glucose-U-C into the isomeltose moiety after
equilibration with the enzyme and isomaltose for 48 hours, and, (3) by
the incorporation of C1* from 1somaltose~U-01 into meltodextrins with
the subsequent release of glucose-Cl 1ntﬁ the incubation media when the
enzyme was incubated with isomalbose-U-GLl%, msltose and glucose=-l-phos-
phate. )

The proposed mechanism is as follows:-

Isomaltose + Enzyme “— Enzyme-Glucose +  Glucose

Enzyme—Glucose + Maltose 4L~——17Nbdiotrlose + . Enzyme
Vi starch

phosphorylagg

Maltotriose + Glucose-l-phosphate Amylose + Pi
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I. INTRODUCTION

The norm;l nmetabolism of'a lérge ngmber of ‘plants invblves ‘the stor;ge
of carbohydrate material as a readily éyéilablé energy source. Many of
these ﬁlants store this carbohydrate mﬁ%eriai in the form of starch, a
large poiyméf of élphé-D-gldcoée, which can be fractiénaxéd into two mole-
cular types called amylose 'and amylopectin. The amylose fractiop is 1inear'
and onl&lalpha 1-4 bonds betﬁeen the glﬁcose units ﬂave'been identified in
the molecﬁlei There is hoWéver an anomglous bond présgnt which caﬁ be de-
tected by Z-énzyme (l).. The nature of this bond is uﬁknowﬁ due to the in-
activity of the enzyme on synthetic'substrafes (2)s The molecular size of
amylose ﬁay vary somewhat ffom an average of about 300 glucose units (3,4)
éithpugh ﬁo length limiting fsactor has yet been discovered. The lowep
limiﬁtof the ﬁélecular size ié difficult to define; Amwioée and amylo=
pectin both form colored comblexes With iodine due’to the quanéi%ative .
binding of 12 inside of the helix-of the starch ﬁolecuie (5). One full
turn of‘tpe helix involves about six g;ucose-ﬁnits and.binds approximately_
: O;Ei g. of iodine per complete turn} The color of this complex is brown .
for amylopéctin,and blue for amylose. Thé blue éomplex of amylose peréisté
down “to about a 16 glucose nit chain called a maltodextrin. As the chain
‘leﬁgth decreases the colpr'chanéés} becoming light red at approximstely 8
“glucose units (6). It would seem logical to consider this 8 unit chain the

loﬁer limit of the size of the amylose'molecule although lower molecuiar

X

weight straight chain oligosaccharides are usually found associated with - %

_this fraction.
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Amylopectin possesses a branched, treelike'structurea fhe straight

chained portions of the molecule between brenches are ﬁonded alpha 1-4

and the branching points involve an alpha 1-6 bond. The a;erage distaﬁce

between branching points is about 10-12 glucose units (7). Tbe average
amylopectln molecule is much larger than the average molecule of amylose,
’haV1ng a D. P.l of about 1300 glucose units (4,7,8).

The percentages of the twe fractiohé, am&lose and, amviopectih, vary
with the'souree of the starch. Starches generally cohtain a lafger ﬁercen—
'tage of amylopectin than amylose, usually from 70% te 90% of the total
 starch. t |

The synthe51s of starch in the plant is not well understood. In l9hé;
Hayne dlscovered an enzyme in the potato (9) that reqplred alpﬁauD-glucoseu
L-phosphate and suitable maltodextrlns_as substrates for the syn;heS1s of
amylose. It utilizes the‘eﬁergy present in the hemiacetal—phosphete bond
of glucose»l~phosphate to synthes1ze an alpha 1~k bond... This enzyme ca£a~
lyzes-thé transfer of the glucose of glucose-l—phosphate to suitable
gcceptor molecules, the maltodextrlne, to ﬁorm longer linear amylose type
melecules W;th the simultaneous felease‘of inorganic phosphate into the
medium. The enzyme, starch ﬁhospherylase, requires maltotriose or a_lerger
ﬁaltodextrin as the acceptor molecule for the glﬁcose moiety. NEither

maltose nor free glucose will act as a substrate for this enzyme (10). The'

equilibrlum of the starch phosphorylase reaction is 75,6 to 2k in favor

1. D. P. -.Degree of polymerization

S
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of synthesis of polysaccharlde at a pH of 6.96 (ll)

The phosphorylaSe reactlon is, in fact, a transglu0081dase reaction,
that 1s,-a reactlon that 1nvolves the transfer of glucose from,one moiety
to another, conserv1ng the energy in the orlglnal bond.. The eneréy-of
the bond in the orlglnal substrate, e. ga glucose—lwphosphate, or between
two sugar moieties, is conserved in an enzyme-substrate compound and |
this energy again conserved in an acceptor—glucose bond. This is' a
double displacement reaction end the configuration in the glucose-accep-
tof molecule is tﬂe saoe eshin the original compound. ‘

An enz&me ffom the potato has been reported that tfansfe;s'tWO\or
more units from maltodextrins to suitable acceptors to givée stralght
chained’ dextrins (12) The substrate‘appears to be maltotriose or larger
maltodextrins and only alpha 1-4 bonds ere syntheeizedo The enﬁyme hasg
been called the disproﬁoftionating or ﬁ enzyme. Since glucose ;ha malﬁm
ose will act as ecceptors,-degredation of etarch proceeds when these
acceptors are present in appreclable amounts. It ie probable that this
enzyme synthe91zes amylose only in the young plant when large amounts of
small maltodextring are present or when hexoklnase reduces the glucose
concentration to a minimuﬁ (13)°

A third starch synthe5121ng enzyme, @ enzyme, is also a transgluu
cosidase (14), It transfers stralght chalned ‘amylose fragmenms to the 6
posicion of acceptor maltodextrins formlng branched components or amylo=

pectin like molecules. This enzyme requires a maltodextrin of at least

42 glucose units in length as the substrate (15,16).




-8 =
A recent pgper has sugges’c,eéi_t that the formation of starch invo],‘ves‘
glycogen as a precursor t0 hoth amyloée and amyloyeétin but no g:meri»
mental evidence of the enzyme systems has beén offered (17).
To the present time no evidenc'e regarding the origin of the primers
for phosphorylasé or D enzyme has' been found. It has beén sugge:sted that

transglucosidases may be involved. Enzymes of this type have been found

in bacteris. An enzyme found in Péeizdomonas saccharophila (18) catalyzes

the formation of an amylose~like molecule from gucrose. The reaction is as

follows:

1 Sucrose 4— (Glucese), + n Fructose

A similsr enzyme from Escherichis. coli (19) catalyzes the formation of
primers from rr;altose, ‘ |

n Maltose4— (Glucose), + n Glucose ‘ -

Sucrose and maltose are botﬂ known constituents of plants. The syn-
thesis of' sucrose is known o occur in wheat germ by three pathwa;;lrs(eo)s.

(1) UDPG® + Fructose 4 Sucrose ==;_o'hosphate + UMPS |
(2) uvppg + Fruétose=6»phospha’ce A Sucrosé -phosphate + UDP
(3) UDPG + Fructosé %Sucrqée + UDP |
Maltose is a common 'conéti‘cuen’c of élér}ts and is generslly believed to
be a result of alpha and beta am'ajrlase action on starch. No enzymes have

been rejgorted which synthesize maltose in the plant. Howévgr ,‘ it has been

2, UDPG =~ TUridine Diphosphoglucose

3. UMP -- Uridine Monophosphate
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“=i..reported ‘that meltose U~ is utilized ih the tobacco leaf for starch
synthesis (21). The hypothesis suggésted'a conversion to sdcrose, and
. then to starch.

Maltose ié known to be synthesized by a maltose phOSphbrylase found

in Neisseria meningitidis (22). The enzyme ﬁtiliZes beta-~D-glucose~l-
phoSﬁhate aﬁd giucose as substratés.' ‘
Befa-D-Glﬁcose-l-phospha:te + Glucose L’7v1v'lla..ltose + P,

Both spbrose and maltosé reqﬁire»an activaﬁed infermediate fof their
synthesis. ' This leaves the investigator meny paths to investigate. Thel
fproblems in elucidgtion of phe origin of starch primefs can be geen to
be very complex. ‘

In the present paper the prqsénce of a transglucqsidase in tﬁe potato
ié repofted which caﬁaiyzes the transfer of the non-re@ucing terminal glu-
cose of isomaltose to maltose‘aﬁd highér maltodextring, thus building 1li-
near type moleeciules whicb can assume the role of primer for starch ﬁhos—
phorylase. A mechanism for this reaction has been proposed from the ex-
perimental evidence. ‘

A sYntbesis of isomaltose from monosaccharides has‘nqﬁ been reported
at the present time; however, the action of the gnzymé describéd iﬁ %his
paper would'sugggst the presencé of an isomgltése synthesizing enzyme:in
the potato. |

isomaltose has not been previously considered as a course of the pri-
mers for starch ﬁhosphorylase. The only~repor£s of isomaltose-in phﬁnt me-

tabolism has been from the breakdown of starch and this was in very low
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yield i.e. 1.0 to 2. Op. The presence of sucrose in most young plants led
workers to belleve that this was probably‘the source of amylose via &
transglucosidation reaction. This is stlll speculatlon and may occur in
some plants. The absence of 1somaltose does not rule the dlsaccharlde oub
of a p0551ble role 1n prlmer' synthesis 31nce we know in a steady state"
a build up of an 1ntermed1ate may not occur. Nevertheless 1somaltose

has been ove?looked as an intermediate. This paper would suggest that a
detailed iﬁ?estigat;on of-'peimersf;especially in the young plant, is in

order
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N
IT. EXPERIMENTAL

1. Prellmlnary Observatlons.

Durlng an 1nvest1gatlon of starch phosphorylaSe in & centrlfuged,
60 hour dlalyzed fractlon of potato JUlCe, it was found that ‘the addltlon
of C.P. D—glucose to a mixture of alpha-D—glucose-l-phosphate and an all-
guot of the Julce 1ncreased the rate of formation of the blue amylose-I

2
complex normally formed by the starch phosphorylase reaction'(Fig. 1),

' The enzyme was prepared by first thinly slicing peeied Russet potatoes
into a sodium dithionite solution’ (7 g./1), and sosking them for 10 minutes
at roam‘temperature, The slices were pﬁlped iﬁ a Wa?ing'blendof aﬁd the
juiéé from %he pulp was expressed thﬁougﬁ“éix thicknesses of cheese cloth
into a cooled beaker. The juice was centrifuged in a refrigerated cenfri-
fﬁge at 5° C. at 10;000 xAg. and the resiaue discarded. This jﬁiée was
dialyzed against.cgld running tap water for 60 hours. This treatment de-
stroyed'ﬁﬁch of the starch phosphorylasé_and precipitated large amounts‘of
protein material. The dialyied ffaqt;on wasg centrifuged'at l0,00dlx g. The
supe;napagt was. cooled and used as the crude enzfﬁe preparation.

The enzyme assay'contained.the folloﬁing~reagents: 0.5 ﬁl. of the eﬁ-
”zyme preparation; 0.5 ml. of 0.25 M. citrate buffer pH 6.0; 10 mM. of glﬁ-
cose-l-phosphate; and 5 pM. of glucose. A similar a%say ﬁés made without
the_édditiqn of glucoge. Final volumes were made to 2¢5 ml, with distilled

water. A 1.0 ml. aliduot was taken from the.mixture after a 15 minute in-

terval and added to 2,0 ml. of I, in KI solution (23). The I, - KI solution

2
Was‘made by diluting 1.0 ml. of a 0.5 M, KL, 0.05M.KC1l solution containing
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Figure 1. The effect of the addition of glucose on the formetion of
the blue Io-amylose complex formed by the starch phosphorylase react-
ion. The enzyme preparation also contained primer molecules for the
reaction as impurities.

Iegend: - - - - - 5 pM. of glucose added to assay.
no glucose added to assay.
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- 2,00 g. of I, per liter to 50 ml. with water. The color, which is--stable

2

for 10 minutes, was recorded immediately at 440 mu on a Beckman Model B
t

speetrophotometer° These results were reproducible. This assay is but

a qualltatlve measurement of ‘a rate of polysaccharlde formation and tells

little about the concentratlon. This is because one long amylose molecule

will complex more 12 than-will two. shorter moleeules~eonta1n1ng the same
total numberlof glucose units. The only conclusion that eould he drawn
from the observed increased in the rate of formation of the blue Ié com-
plex was that more primer nolecules must hare been present in'the assaj mix--
ture. due to the_addition of glucose. This‘suggested the incorporetion'of
glucose into polymers. No known enzyme systems are oapabie of catalyzing'
this reaction under these oonditionSa |

The glucose, when chrbmatogrephed on paper; did not reveel the presénce4
of priners of sterch phosphorylase as impurities. A typlcal chromatogram
was made by spotting lOO“ug° of glucose one inch from one end of a strip ’
of Whatman #l filter paper, l 1/2 inches WIde by 12 1nches :Long° After air s

1

drying the spot, the chromatogram was suspended inS1de a bell jar with the

1

end contalning the spot {mmersed to a depth of about 10 mm. into a n-butanol,
pyridine, water mixture (6:4:3 v/v). This chromatogram was dried and re-
aseended.to get better separation of the sugars. The'chromatogram, after
drylng, was sprayed with a glucose-1ﬁphosphate-starch phosphorylase spray
reagent (lO) and 1noubated in a8 moist atmosphere for flfteen minutes., The
chromatogram was then sprayed w1th the I, in KT, KCl solutlon that was |

used in the a.mylosef-I2 color assay mentioned above, Any prlmer molecules
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present as 1mpuslties would have résulted in the' formatlon of blue spots due
to the action of the starch phosphorylase Wthh forms amylose typé molecules
from the primers. Maltotriose is the smallest primer that can be utlllzed
by sterch phosphorylase for synthesis of the ;aréer molecules (lO),' This
method, will detect mierogram qusntities of pfimers.

The phosphofyiase-was!prepafed from orude potato juice by a modifi-
cation of the method of Baum-ah@ Gilbert (24). The ciude juice wes pre-

pafed in a.manuef ‘similar to that of the new enzyme préparation exceﬁt that
the Jjuice was not dielyiea. Instead, after centrifuging the'oooled; crude
juice ‘at 10,000 x g, 0.28 ml. of 50% ethanol (w/v) in 0.01 M. soditm cit-
rate buffer, pH 6. 0, was added per ml. of the supernatant. ‘This mixture
was centrlfuged at 10,000 x g and the pre01p1tate dlscasdeu.' The super;
natant liquid contained active stareh phosphorylaseland.was used in sprey-
ing the chromatograms.' This preparation—iocated trimef impurities iu c. P,

maltose when used under the conditions of the previous experiment.

2. The effect of the citrate ion in phosphate analy51s using a molybdate
reagent.

The' increase in the—rate of formation‘of the blue Ig complex due to

glucose was not con51stent1y accompanled by release of inorganic phosphate
as measured by the method of Sumner (25). Any theory explalnlng the ob-
served glucose stimulation of starch phosphorylase actlon requires the
release of inorganic phosphate, (P ), since polysaccharlde formation could )
not be detected without the addlt;on of glucose-1l-phosphate to the incu-

bation mixture.

The inconsistency of the Ps release was thought to be caused by the
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reagents. 'However, when staodard phosphate solubtions were analyzed in
the presenoelof increasing concentrations of the 0.25 M. citfaﬁe buffer,
pH 6.0, which was used for the enzyme assays, it was found that the it
rate ion ﬁpantitatively bound the molybdate ion ;n solution indepondently
of the phosphate present (F"ig,IE)n It was shown that the addition of 0.3
ml. of 0.25 M citrate buffer to a phosphate asoay‘barely inhibited the
formation of the blue phosphomolybdate color. During the original enzyme
aosays, 0.5 nl. aliquots, whon taken from the énzyme aséay.mixture, ﬁere
‘equal to 0.125 ml. of the buffer (Fié. 2). This oxplo,ined the wide vari-
ations in the phosphate. assays. | .

To correct for this éhenbmenon the perceﬁt of ammonium molybdate was
raised from 2.5% to T.5%. A series of known phosphate solutioos were
asSayed W1th 1ncreas1né aliguots of the c1tra$e buffer to find if the in-
creased percent of ammonium molybdate would. correct - the situation CFlg. 3).
No effect due to the buffer was observed when as much as 0.5 ml. of the
-.ouffér wés added. This was four times the amount generally used in the

enzyme assays for P;.

The 7.5% ammenium molybdate solutions gave reproducible P, onalyses
' NS i )

5
!

during the remainder of the laboratory work.

3. ‘The enzyme i)repar'ationsn

The eariy evidence of the nEw'enzyme in potato julce had shown the
enzyme to be stable toward prolonged dialysis. This treatment pre01p1tated
large volumes of proteln materlal durlng the flrst 12 to 18 hours. It was

decided to fractionate the 18 hour dialysate with ammoniuvm sulfate in order
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Figure 2. The effect of increasing concentrations of the citrate ion on
the determination of inorganic nhosphate by the method of Sumner using
2.5% ammonium molybdate in 7.5 N. HéSOu as the color reagent.
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Figure 3. The effect of increasing concentrations of the citrate ion on
the determinations of inorgenic phosphate by the method of Sumner using
7.5% ammonium molybdate in 7.5 N. HpSO), as the color reagent.
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to 'concentrate_ the enzyme and possibly separate it from inactive proteih'
material.. . ' '

Green and “Stumpf (26) published an account of the prepa.ra’c:.on of staxrch
phosphorylase in whlch they report ‘high y:.elds of thls ehzyme 1n the 0-35%
and 35-40% ammonium- sulfate! fra.ctlons (w/v) - Some preliminary work sugges-
ted that the enz;yme respons:.ble for the ea.rly flndlngs was prec:_pl’cated at
ammonium sulfate concentratlons of less than 40%. It was declded to
'fractlonate the 18 hour potato ,Ju:.ce wu:h 1ncrements of lO% ammonium sul-
fate (w/v) Prellmlnary eJQEerlmen’cs revealed that no. proteln pre01p1tated
et 10% ammonlum sulfate and a small amount in the 10-20% fractmn from the

dlalyzed Julce. Smce only a small amount of proteln was present in the
first two fr_'actmns , the 0-307:; ammonlum sulfate fractlon was preclpl‘cated
in a single oﬁeration, |

The potato juice esed for the preba.ratieﬁ of ‘the ammonium sulfate fra-

ction was prepared in a menner similar to the juice in the "oreliminary ob-
serva.tione " except fbr.l the period of dialysis. Il.:l this prepare.tion, the.
juice .Wa,s ‘dialyzed for 18 hdi;:c;s against cold running tep wa’cer.i Afte;' dig-
lysis the- Juice was agsin cooled to 5° C. and then 30 g. of a.momum sulfate
was a.ddedl per 100 ml.. of Juice. The prec:.pltate was centmfugec‘i at 10, OOO

x g for 10 minutes and the supernatant decanted off. The residue was dis-
solved in 20 ml. of o;esl M. citrate buffer, pH 6.0 and this constitusted the
0-30% ffection.

Ten grams -of emmonium sulfate were added per 100 ml. of the egperl‘na'b‘_a;rrt;'w

The resulting precipitate was centrifuged and dissolved in citralﬁe buffer
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as above. This was the 30-L0% fraction.

The two'fractioﬁs were assayed as before for stimulation of the amy-
lose-I2 complex. The stimulation was evident in only the 0-30% frectioq.
The analysiszof P; relesse showed but e small increase due to the_addition
of thelglucose to this rraction. |

4, TIsomaltose as a substrate.

' Two mechaniSms explaining the'prihing_activity by glucose were bos-
. L

tulated at this’ tlme,(a) a phosphorylase, forming primers from glucose
and glucose—lephosphate, and (b) a transgluc051dase reaction 1nvolvmng
an 1ntermed1ate present in the enzyme preparatlon.

If the first mechanism, (a) were operatlng it would have to have
been present in very small amounts smnce P; release from assays was very
small, If (b) were the mechanism, 1t,mnst heve involved a branehed inter~
nediste(s). A third explenation, the.prodﬁction of‘néw elpha 1-4 bonds
from alpha 1-h bon&s already present as 1mpur1t1es 1n the potato julce,
was poss1ble but not logical 1n this case. An enzyme - found 1n the potato

called D-enzyme produces prlmers from longer chalns, but in the presence

i

of glucose it depresses blue Io complex1ng chains by formlng shorter dex-

trins as mentloned in the introduction..

The second mechanlsm 1nvolv1ng a2 branched intermedlate seemed more
logical from the data st hand, wainly because of the small increases in
P; due to the addition of glucose. This small increaSe'woulq not be
characteristic of a new phosphorylase.

An alpha amylase hydrolysate of amyio@ectip was made so secdre iso-

maltose and other small branched fragments. These frogments will not act
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as primers for, starch phoephorylase (10),but could have béen involved in
primer synthesis by another mechanism involving glucose. One hﬁndred ng.
of clarase, a commercial preparation of alpha amyiase, was added to a.l%
gelatinized amylopectin mixture.l The mixbture was iﬁcuhated at 37° C.Ifor
3 hours. The reaction was 'terminated in a-wate‘r bath at! 970 C. for Z;i_O
minutes. The hydrolysate was deionized with Anberlite MB-3 mixed regin and
dried in an air stream. An aliquot corresponding to 1 pM. of sugar v‘ras
spotted one inch from the base of & strip of Whatman #1 tilter paper, 1 1/2"
% 10" and ascended 'twoltimes with & n-butanol, ﬁyridir;e , Wa;cer mixture
(6:4:3 v/¥) to a height of 8". Maltose, mal‘cotrlose , maltotetraose and
maltopentaose,which are present in commerc1al maltose as 1mpur1t1es s were
used as references along with glucose. The chromatograms were sprayed with

a mixture containing O 5 mi. of O- 30% enz:yme fraction and 50 jJM. of glucose-

l-phosphate in 2 5 ml. of 0,25 M cn.trate buffer pH 6. O. The chromatograms
were incubated at rdom temperature in an enclosed chamber containing a
moist atmosphere for 30 minutes. The strips were dried in an oven at :LOOO C.

The dried chromatogrems were then sprayed with the I :.n KI spray prev:Lously

mentioned. '

A pronounced priming activity was present a1; ,appreximately the maltose
B;ﬁ, value,(Fig. 4). Maltotriose and larger :eolysac,charides were also present
in thella,nwlopec'tih hydrolysate. This was the first evidence known ef any
di'sacchérides with 'priming aetivity toward a starch phosphorylase prepas=
) .

ration from pota,toese

The amylopectm hydrolysa.te was chromatographed on a 10 cm. 'by 12 mm.
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Maltose
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Figure i, Evidence of a new enzyme found in the potato. Chromatogram
I exhibits a primer for starch phosphorylase at the Rf of maltose-iso-
maltose from an alpha amylase digest of amylopectin. The chromatogram
was sprayed with a starch phosphorylase, glucose-l-phosphate prepar-
ation followed by an Io in KI spray reagent. Chromatogram III was
treated in an identical manner and contains only linear molecules.
Chromatogram II is a reference chromatogram developed with CD 1 de-
veloper.
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charcoal-celite column (1:1) as described by Whistler (27). Thls method
fractionates éugar mixtureé into mono-, di-, and trlsaccharlde fractions by'
eluting with varying percenteges of an alecohol-water mixture. The entire

t i

hydrolysate was placed on the column and allowed to pass into the columno
One hundred ml. of water was tﬁen passed through the column to elute
monosaccharides. This was followed by 300 ml._of 5% ethanol to elute the
disaccharides. The elution was followed colorimetrically toldetermine thel
total sugar content in each fraction by ‘the method of Dubois and éilles (28).
The disaccharide fraetion Wes dried im an alr stream, dissolved in S mi. of
distilled water and an aliquot chromatograﬁhed on Whatmen #1 fil#er paper @
using maltose as a reference (Fig. 5) A1l -of the paper chromatogfams dur-
ing the remalnder of the thesis work were made with Whatman #1 fllter paper.
T™wWo spots appeare@ when the’ehromatog;ams were developed by spraying with
CD-1 developer (29), a solution of o sminodiphenyl, oxalic aold, gl&cerol
aﬁd aoetone that develops spots ranging ffom grey-brown fo} glucose‘to '
brown for maltose and grey for isomaltose. One spot was brown with an Rf-

" identical to that of maltose. The other major‘spot was grey and migrated

at the same Rf as isomaltose (30). Isomaltose is the only disaccharide re-
corded that develops a grey color (29) and the only disaccharide besides
maltose that is present after amwlolysis of amylopectin in relatlvely high
concentramiops (31). Only a small amount of glucose.wasqdetectable.
Tﬁeldisaccharide fraction was fested fof pr}ming activity with the
-30% enzyme preparatlon. A 1.0-mlL. aliqﬁof o% the disaccheride fraction

e

was incubated with 0.5 ml. of the 0-30% enzyme preparation and 10 M. of




= 2%

Glucose

Maltose

Isomaltose

Starting
Line X

Figure 5. Chromatogram of the 5% ethanol eluate from a charcoal-ce-
Tite column containing an alpha amylase hydrolysate of amylopectin.

Chromatogram II was spotted with an aliquot of the hydrolysate.
Chromatogram I is a maltose reference.
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alpha-D-glueosefl—phosphate.

A contfel aséa& was made by omitting the disaccharide fraction. The
increase in fermation of tbe,a;mylose-l2 blue complex by the disacchafides
was pronounced and the stimulation was much éreeter than that pfoduced
by glucose. | |

Tﬁe‘c.P, glucose thet contained the original priming action was ena-
lyzed chromatographically for diséccharide impurities. A 0.10 g sample
of C;P, glucose was dissolved in 0.5 ml., of ﬁater; spotted on a strip of
filter peper and chremetograﬁhed with £he p-butanol, pyridine, water mix-
ture. The-chromategram'was developed with CD-1 developer; The only major
1mpur1ty was a dlsaccharlde, developlng a grey spot, W1th an Re value iden~
tical to that of isomaltose. This dlsaccharlde was eluted from & chroma-

togram and incubated with 0. 5 ml. of the enzyme in the usual manner. The
\ . 1 ,

dlsaccharlde 1ncreased the rate of formatlon of the blue I2 com;plex°
In orde£ to purlfy the - 1somaltose from the clarase hydrolysate of

amylopectln, the’ dlsaccharlde fractlon from the digest that had been coll-
ected from the charcoal-celite column was streake& unlfoémly over a llne
one inch from the base of a T" x 18" strip of filter paper. The chroma, -
togram was descended for 18 hours with the n-butanol, pyridiﬁe, wamer‘mix—
ture. The positions of the disaccharides we?e located by cutting a-1/2"
strip from the side of the chromatogram and developing it with CD-1 devel-

oper. The locations of the sugars were marked with a pencil and the strips

cut out parallei to the starting line.'These'strips were then eluted with

water and the purified disaccharide solutions dried in an alr stream and
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stored in a dessieate}. The disaccharides ﬁere tested With the O~3b% en-
zyme preparation fer the stimulation of the blue I, complek formation.,
The incubation mixtﬁres contained 2.5 mi. of'O?ZS M. citrate buffer, pH
6.0; 1b)mm. of giﬁeose;l-phosphate; 0.2 ml. of enzyme preperefion; andxl (
M. of dlsaccharlde to be assayed. A 0,5 ml. aliquot wasltaken for assay

of blue I color at 15, 30, h5, 60 and 75 minute 1n.tervals° The results

2
are shown in Flgure 6. The isomaltose appeared to ‘effect an increase in
.the rate of blue I color formation and P releasem The-I coler lag is
due to the 1nabillty of the smaller amylose fragments to form the blue c
complex with Ia. Maltose exhlblted no priming action with thls enzyme

preparatlon.

It appeared that isomaltose was involved either in the synthesis of

small linear chains by a transglucosidase reactlon and these chains subse-

quently used by starch phosphorylese, or that a phosphorylase Wes present
that utilized isomalbose and alpha-D-glucose-~l-phosphate to synthesize

.eingly branched molecules wﬁich starch phosphorylase wou}d eventuall& use.

~ When the 30—&0 % enzyme fraction was uged in idéntical aesays, isomaltose
would not stimulate formation of blue I, color (Fig. 7)- Iﬁ;s rather con-
conclﬁsively eliminated the possibilit& of primer impurities being pre-

- sent Wlth the 1soma1tose additions since both the 0-30% and 30-h0p 2mmo -
nium sulfate f;ections exhibited starch phoephorylase activity using

starch as a primer. This experiment revealedlother important\fapts, the

importance of which will be indicated later in this thesis.
Experiments to test the two proposed theories were planned. Both me-
chanisms involved isomaltose, so a coavenient method of preparak;on of this
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Figure 6. The effect of the addition of 1 uM. of maltose and 1 uM. of
isomaltose on the rate of formation of iodine complexing molecules in
assay mixtures of the 0-30% ammonium sulfate fraction from the juice
of Russet potatoes. Other substrates present in all assays were
glucose-l-phosphate, and primer impurities that were present in the
preparation.

Legend: 1 yM. of isomaltose added.
- = =~ = 1 pM, of maltose added.

X X X x no disaccharides added.
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Figure 7. Assay of the 30-40% ammonium sulfate fraction from the juice
of Russet potatoes using 1 pM. of isomaltose as substrate with glucose-
l-phosphate and primers present as impurities in the fraction.

legend: x x x x x 1 M. of isomaltose added.
no isomaltose added.
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énbstrate was sought.

Sa Preparation of pure isomaltose.

The method of preparation of isomaltose using amylopectin and alpha
anylase was time consuming and yielded‘only a, very small quantity of iso=-

maltose. A method of preparing the disaccharide by utilizing a‘baeterial‘

dextran appeared feasible. Leuconostoc mesenteriodes synthesizes large
i

amounts of a capsular polysaccharide of glucose con51st1ng mainly of

alpha 1-6 bonds when sucrose is used as the substrate (32) The polysac-
charide, called bacterlal dextran, is fragmented into isomeltose in yields

above 50% by an exoenzyme of a mold, Penicillium finiculosum (33) L.

mesenter01des B-512F and P flnlculosum NRRL, 1132 strains were obtained

from the. Nbrthern Reglonal Research Laboratory, Peorla, Illin01s, through
the courtesy of C. W, Hesselfine, Head, ARS Culture Collectlon Investiga-

tions and Willlam C. Haynes, Bacteriologist. The dextran was prepared by
the method of Jeanes,et al (34), The-medium contained the following T

1

agents:

10.00 g. sucrose

25 -84 yeaSt extract
o50 ge
.02 g4 MgSO . 7H
06 e Jj Soll_
0.10 % Nacl'
100 ml. water

The sterilized medium was inoculated with a loopful ‘of an actively

0
0
0
0
0.

growing culture of L. mesenterlodes B-512F, grown from the dry culture

received from the Northern Reglonal Research Laboratoryg The inoculated
" medium was incubated for three-day% at 250C. ' This culbure was used to

-inoculate the 100 ml. of medium used for the dextran isolation.
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The latbter medium was incubated for 26 houfs, It was found that this
time period proauced_a 10% yield of dextran based on the available glucose
moiety of su;fose. By increasi@g the duration of the incu£a$i6n to 72 hours
the yield was increased to 50%. The dextrap isolated from the medium as
foilows: the medium wéé cgntrifuged at 25,000 x g for;lOImihutes to remove
the cellls‘- and absolute ethyl alcohol was added to give a Sq% solution (v/v) '
which precipitated thé dextran. The precipitate was cehtrifuged‘ét 3dQO-x g
and Washed several timeé with 50% éthanol. The gugmy maés was‘driéd in |
"vacub for 5 days and weighed. The:dry dextran was used for the preparation
of isoméltose (33). \ |

To 100 ml. of & 2%‘corn.§x§p mixture wes added two grams of dextran
and the mixture was autoclaved ét 15 lbs. pressure for 30Imin. fhe mix-m'\
tu?e was cooled, inoculated with the spores of P. finiculosum NRRL 1132 and
then placed in a shaker to incubate at 2500° Usually aféér 5 days the lig-
uid becanme cléar except for the'colbnies ‘of mold that were visible. The -
mixture was then heated to bdiiing to precipitate the pro?gin, fiitered and
the filtrate aeioniged with MB-3 mixed resin. After drying the eluate in
air, a portion of £he dr& residue was chromatdgraphed on papei in tﬁe usual .
manner using maltose as a réference. Thé-develoﬁedvchroﬁatogram (Fig. 8)
showed, phe presénce Bf glucose, fructoée; isomaltose and a slower migrating
spof wh&ch has an Rf value similar to thét of +the dextrofriose rgporﬁed by
Pazur (35). This trisaccharide is reported/to have a structure of three glu-
cése ﬁnits linked alpha-l-é, |

The purification of isomaltose and the dextrotriose from this mixture
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Figure 8. Chromatogram of a P. finiculosum exoenzyme hydrolysate of
bacterial dextran using maltose as the reference.
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was achieved by paper chromatography. A 17" x 18" sheet of filter paper
was streaked several times along & line 5 inches from the top of the

sheet with a solution of the eugar‘mixture° The -sheet was then descen-

ded with the n~butanol, pyrldlne, Water -mixture mentioned earlier, for
18 hours. The sugars were identlfied and purified by the tetchniques

used for the isolation of isomaltose from the C.P. glucose.

The, purified sugars were idéntified ohfomatographically using' the
isomaltose formed from amylopectin as a reference. The dextran 1somal-
tose dld not show any chromatographlcally detectable 1mpur1t1es (Flg, 9)
The sugar was further characterized by its optical rotation and infrared

syectrum (36)

The optical rotation was measured with a Kern polarlmeter‘ A O .0555

g. sample of isomaltose was dissolved in 3.0 ml. of water at 25°C. Thls

solution was transferred to a tube 6.35 cm. in length for measurement.

B i

The observed rotation was +'l°4Q°. The calculation of the optical

rotation was as follows:

o .
() 55 = Observed rotation
' 1 x ¢ :
1 = length of tube in decimeters
¢ = concentration in g./cc.
, o
()57 = ___ 1
- 0.635 x 0.0185
() £° =+ 119°

The reporbed optical rotation for isomaltose is +120° (33,37).
The infrared spectra of isomaltose and maltose were both recorded from

potessium bromide pellets. The pellets were prepared by drying solutions
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4 X X
i 11 R I 1

Fi e 9. Chromatograms of chromatographically purified isomaltose
III; and dextrotriose (III) made from bacterial dextran. Isomaltose
made from amylopectin was used as the reference (1).
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L

containing 6 mg. of each sugar in 10 ml. of water contéining 500 mg. of

KBr. The solutions were dried in a desiccator for two weeks. This was

followed by drying in a vacuum oven at 97004 for 4 hours¢ The'dry mix-

L L

“ture was pulverized in a vibrating cqpsuie that contained a sméll.metél
bar which mdqu ffeely in the capsulé, grindipg the sample. The pulver-’
ized materiél'wéé thgn pressed ?h a standard die for 40 minu%es under 9
tons préssurea The spectra of the two sugars were recorded with a Beck-
man IR 4 recording spectrophotometer. Both'maltqse and isomaltbselex-
hibited spectralidenfiéal with ‘the known sﬁeqtra of the sugars (Fig. 10).
No attempt was made to calculate ﬁhe yield of iéémaltose from the
dextran. The hydroiyzed Qextran mixbure was stored in a désic?éﬁor and

the isomal@ose was ,prepared chromatographically when needed for the

following experiments. "

6. The nature of the enzyme preparations,

New prepérationslof the 0-30% and 30;40% ammonium'sﬁlfafé fractions
were made for tﬁe following experiments. The enzyme preparqtions were
made according to the fldﬁ.shééf on the following. page. |

This preparation woﬁld not respond to the addition of isomaltose for
48 nours after the ffactiogation. After this time activation by the di~
saccharide could be detected. The reason for‘this pFeanenon wés not
apparent at this time, |

The 0-30% enzyme preparation was assayed for Pi release using'iso~
maltose. as subsfrate. The experiment inVolved recofding any increase in

) | ' ‘ b .
ineorganic phosphate in the assay mixture due to the additions of isomaltose_
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Figure 10. The infrared spectra of chromatographically purified C.P. maltose and of
chromatographically purified isomaltose prepared from bacterial dextran.

..flg_
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Preparation of the 0-30% and 30—#0% ammonium sulfate
fractlons from Russett potato juice:

300 g. of Russett potatoes were peeled, and thlnly

© sliced, soaked in Na,S,0, (7g./l.) for 20 minutes,

washed well with tap water, and. pulped in a Waring
blendor. The juice was expressed through six thick-
nesses of cheesecloth, centrlfuged at lO 000 x g,

Tor 10 minutes, dialyzed for 18 hrs.vs. cold running
tap water, cooled to 5°C, and centrifuged at 10 OOO X g
for 10 minutes | .

v

Epgfldiscafded Supernatant: added SOlld(NHh) 280y,

+

to give a 30% cong. (w/v),lcehtrl-
" fuged at l0,000 X g for 10 mlnutes

ppb: dlssolx}!éd in 50 ml., of 0.25 M. _Supernatent: él’aded solid (NH) ),80,
citrate buffer, pH 6.0 added ‘ %0 give a J0% cone. (w/v), cénfri-
(W), ) 80), to 30% conc., (w/v), centri- fugeéd at 10,000 x g for 10 mlnutes
fuged at 10, OOO x g for 10 mlnutes ‘ |

¥ : ¥
ppt: dissolved in 25 ml. of 0.25 M.  ,Supernatant: discarded.
 citrate buffer, pH 6.0, and stored R o :

at 5°9C.

This' solution conbained the
0-30% ammonium sulfete fraction . . .

| | N
ppt: dissolved in 50 ml.
of 0.25 M. citrate buffer,
pH 6.0, reprecl itated
with solid (NH SO at
%0% conc. (w/ v% centrl-
fuged at 10,000 x g for 10

mlnutes ) I
\2 . T A
Supernatant: discarded ppt: dissolved in 25 ml.

of 0.25 M. citrate buffer,

pH 6.0, stored at 5°C. This
golution contained the 30-=
L40% ammonium sulfate frac-

tion.,
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and glucose-l~-phosphate.-

Incubation mixtures oohtained the following reagents: 2,0 mle ofi
‘0.25 M. citrahe buffer, pH 6.0; 0.5 ml. of the O~30% enzyme preparation;
EO‘uM; of glucose-l-phosphate; 0.5 mg., or l,h}ﬂﬂ, of isomaltose; and.
distilled water to 'a botal volume of 5.0 ml. |

A zero time assay was made thai'oontained'all of the reagents'ex;
cept isomaltose. -

The.results Which are recorded in Figure 11 indicate the rate of
inorganic phosphate released was. hot‘a linear function of 'time. There
‘was a rapid release of inorganic phosphste into the meéium foilo;eo b& a
rapid. decrease in the ne;t few minutes. Then a‘second release of inorgen=
e phosphate followed. A series of.asseyslwas made usihg-varying concen=
trations of lsomaltose as substrate to:find the effect, if eny,,on this

; - |
curve (Fig: 12). The assays were identical to'%hose above exoeﬁt‘that 3.
M. and hhen 6lyM.eof isoma;tose~were sdded. As is shoﬁn in Figure 12,
the ihcreaSe inlthe ooﬁcent}ation of isomaltose affecteﬁ!a linear felease
of Pi' A:preVious article oﬁ a study of‘sterch phosphorylase by Porter
. (38) expleined this -phenomenon. When'sufficient’primehs are present to

alloy starch phosphorylase to work at maximum velocity, phosphaﬁase acti;
v1ty present 1n the mixture is 1nh1b1ted due to the starch phosphorylase
effectively pulllng the phosphatase reaction to the left. This is good
evidence that when the isomaltose was present in’ concentrations of 6)ﬂﬂi
per 5 ml. primers were being furnished to starch phosphorylase at a rate

equal to or exceeding that required by starch phosphorylase for maximum
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Figure 11. The effect of the addition of 1.4 pM. of isomaltose on the
release of inorganic phosphate from 0.5 ml. of the 0-30% ammonium
sulfate fraction from potato juice using 20 uM. of glucose-l-phosphate
as a substrate.

Legend: 1.k uM. of isomaltose added
- -« - = =no isomaltose added.
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Figure 12. The effect of increasing concentrations of isomaltose on
the release of inorganic phosphate in assays of the 0-30% ammonium
sulfate fraction from potato juice containing 40 uM. of glucose-l-
phosphate and primer impurities as substrates.

1 =7 = o o 18 SR X 1 6 M. of isomaltose added.
----- 3 pM. of isomaltose added.
.. 1.4 yM. of isomeltose added.
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velocity. |

The mixture was tested for phosphatase activity using fruetose -6~
phosphate as substrame. To 0.5 ml, of'enzyme‘pfeparation was.added 10
pM4 of fructose-é-phosphate and the volume brought to 2 0 ml. W1th'water.
An allquot was taken after one hour and assayed for 1norganlc phosphate.
The enzyme released 128‘pg. ‘'of inorganic phosphate 1nto the assay mix-
ture in one hour. Thms-did not agree with the assays~above, "but no hemi~-
acetal phosphate compounds were avallable that could be used in the pre-
sence of starch phosphorylase. ThlS reactlon 1s dlfflcult to measure
correétly since the thue substrate of the phosphatase cannot be used due
to the pheéence of‘primers of starch phoSphorylaselin Ehe enzyme prepafa¥

L

tion. Therefore it was concluded that_there was a-phosphatase present

that was more speciflc for glucose-l—phosphame than for ester phospha'bes¢

Only the presence of a phosphatase could explaln the results that were
I Lo
found. Any other theory would have to 1ncludevan 1ntermeﬁ1ate of a type

that would allow for the resyntheS1s of glucose-lﬁphosphate startlng W1th
L

the same compound. The fact that the presence of primer mbterial at con-
centrations exceedlng the maximum velocity requlrements of starch phos-
phorylase w1ll ellmlnate phosphatase act1v1ty is reported in the lltera-
ture substantlates that the-same problem has been encountered before 1h

preparatlons containing starch phosphorylase,

Slnce the addition of 6/uM of 1somaltose apparently ellmlnated the

phosphatase phenomena., it was eV1dently 1nvolved in synthesis of prlmers

at a rate rapid emough to keep starch phosphorylase at maximum velocity.
. ' , . . i l.
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Incubation mixtures were prepared using 6)ﬂﬂ of’isbmaltoée with the 0~30%
enzyme preparation and glucose-l-phosphate to determihe blue ax'nylose-I2
férmation and P; release at this concentration. These assays were made
similar to those of thé%pfeviﬁus assay involving the 0-30% enzyme pre-
paragioﬁ using. isomaeltose as a substrate. The resﬁlts are shown in
Figure 13. . - , |

A eomplete descrippion of the 0}30% enzyme preparation in terms of
the enzyﬁe systems that were operating under the conditions of the assays
of the new enzjme was desired. Assays for the following enzymes were '
made: (1) amylase, (2) D;enéyme, and -(3) starch ﬁhosphorylase.

(l) Amylase: to ﬁwé O.S_ml. aliqﬁots bf the enzyme preﬁafation were
added 0.2 ml.of a 1% starch solution and l.Q ml. of citrate buffer, pH
6.0, The total volumes were made to 3.2 ml, with water. - On? ml. of one
assay was mede up to 3.0 ﬁl, with the IE-KI solutién used previousl& and
read &t 4O mp using a blank of one ml. of water plus two ml. of the I,-KI
solution.. The reading at zero time was 7O transmission unit;. The other
assay mixture was'allpwed to incubate for 1 hour at 370 C. and then treat-
ed as the zero time assay and rea§ also ég 4ho mpa, The reading was Zéu5
trénsmission‘unit§. This very small differenqe indicatgd that only a ’
small amount of emylase was present in the mi%turem Thé test told noth-
ing of the kind of amylase that was present, oniy that there was é trace
of amylolytic activiby.

(2) D-enzyme: a mixture identical to that of the 1 hour émylase_

assay was made with the addition of lOJpM. of glucose. The assay mixture
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Figure 13. The effect of the addition of 6 pM. of isomaltose on the formation of iodine
complexing molecules and on the release of inorganic phosphate from assays containing
0.5 ml. of the 0-30% ammonium sulfate fraction of potato juice, and 40 uM. of glucose-
1l-phosphate at a total volume of 5 ml.

Legend: 6 yM. of isomaltose added.
------ no isomaltose added.
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was also incubated for 1 hour as was the amylase assay and treafed.identi-
cally|as the. anylase assay. A value of 72,5 transmission units was re-
cofded.' This was the same a; when no glucose was ;dded. This meant that
glucose did not affect thg dggradatiqn of starc£, thus ruling outngenzyme
activity from the preparatiop." Had any b-enzyme been present, a measur-
‘éble decréase in the blue qo;Or wou;d have been observed due togthe break;
down of tﬁe long polymers with glucoselacting as the acceptor mblecule;

(3) Starch phosphorylase: 0;25 ml. of the enzyme‘wés incubated.with
0.2 ml, of a 5% starch solution; 1.0 ml. of a 0.25 M. citrate buffer, pH
6.0; and'EOJMM. of giucosé-l—phosphate at‘a final volume Qf 2.5 ml; Ali-
guots were assayed fér ;norgan;c phosphate at 15 min. intervals.. Théée
assays'wgrg made using the 0-30% enzyme preparation and.the 30-40% enzyme
prepéréﬁion. Zero - time éssays were made in bdth caées. The results may
be‘foun@ in Figure 14. The 0,30% preparation had é much more activé
starch phosphorylase than did the SO-HC% préparation, Which had not reachs
ed equilibrium even after 1 hbur;

The 0-30% enzyme preparétioﬁ was aséayed for carbohy@rate material
Qresenf by the mgthod of Dubois‘aﬁd Giliis (é6), which utilizes concentra-
ted sulfuric acid and phenol to form éolored‘furfﬁ;aldehyde derivatives
qﬁantiéativély from carbohydfate material. A 0.2 Ql: aliquot of the en-
‘zZyme mixture was uséd for the assay. .Tb the enzyme was added a 0.2 ml;
aligquot of én 80% phenol'solufion and then wa£er to a volume of 2.0 ml.
Concentrated sulfuric acid was added to a total voiumg of 7.0 ml. 'The.

tubes were cooled in a water bath at 25°C. for 15 minutes and the color
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Figure 14. Assays of inorgenic phosphate released by starch phos-
phorylase from the 0-30% and 30-40% emmonium sulfate fractions of
potato juice. Assay mixtures contained 0.25 ml. of enzyme pre-
parations; 0.2 ml. of a 1% starch solution; 20 uM. of glucose-l-
phosphate; and 1.0 ml. of a 0.25 M. citrate buffer, pH 6.0

Final volumes were 2.5 ml.

Iegend: - - - - = 0-30% fraction
30-40% fraction
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read at 490 mp. on the Model B spectrophotometer. The enzyme pre@aration
contained 396‘pg. of carbohydrate uaterial per. ml. of'enzyme preparation
as impurities. |

The cerboh&drete material in the enzyme preparation was identified
by paper chnomatography. A 0.2 ml. aliquot of the enzyme prepanation
was placed in a test tube and,the pfotein was precipitated by piacing the
tube in a‘boiling Watef batn at 97°'for 10 minutes. TheAmixture'uss
passed through a 1 cm. X 10 em. column containing MB 3 mixed regin. The
" eluate from the column was collected'and dpied.in_ain. The totel-car-
bohydrate residue was chromatographed on papef-using the usual reagents
and including glucose and maltose as references (Figs 15). ‘The major cer=
bohydrate bnpurities were glucose, maltose and maltotriose.

The presence of glucose in the preparation suggested that the amylase
present was alpha emylase. Beta, amylase wouhd not have formed any glucose
from the breakdown of maltodextrins. The 18 hour dialysis would have re-
moved ‘any glucose from, the potato Juice along with the -other small mole-

cular weight sugars.

7.l A starch phosphorylase or a-transglucosidese.

The problem nas now nafrowed to -the duestion of whether the-action of
the new enzyme involVing isomaltose was & phosphorylase or a transgluco~
sidase, Experiments were devised Which,would vield the maximum informa-
tion about the neture of the reaction. It Was decided to utilize carbon»
14 compounds to try to clarify the situation. |

Two isctope experiments were decided upon. The first Was'to incubate
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Maltose ' //;/'/ 7’///;‘

Maltotriose m
Starting
Line X X
I 1

Figure 15. Chromatogram of the carbohydrate material that is pres-
ent as impurities in the 0-30% ammonium sulfate fraction of potato
juice after stending several days. II was spotted with the carbo-
hydrate residue. I is a reference containing glucose and maltose.

































































































