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ABSTRACT

Crystalline alpha amylases from a number of sources utilized a-maltosyl fluoride
as a glycosyl donor and acceptor at high rates (~ 10 to ~ 1550 umol/min/mg of protein,
for 30 mMm substrate). All enzymes catalyzed conversion of this compound nto
maltooligosaccharides 1n preference to causing i1ts hydrolysis Maltotetraosyl fluoride
and maltooligosaccharides of d p 3 to 6+ accounted for 75-939 (by weight) of
early reaction-products At a late stage, the yield of maltooligosaccharides was
2-5 times that of maltose, with chains as long as 12 D-glucosyl residues formed by
one amylase (from Asp oryzae), which utilized a-maltosyl fluoride as a donor and
as an acceptor at extremely high rates These results indicate that alpha amylases
have a substantial capacity for binding two molecules of this small substrate 1n a
distinctive way, with the C-F glycosylic bond of one and the free C-4 hydroxyl
group of the other located in the region of the enzyme’s catalytic groups, thereby
favoring glycosylation of the suitably positioned acceptor over solvent water Hydro-
lysis 1s assumed to prevail when only a single substrate molecule or segment binds
to alpha amylase with a (1—4)-«-D-glucosidic linkage or glycosylic C-F bond
posittoned at the catalytic center The present demonstration that glycosyl-transfer
reactions can be dominantly expressed by alpha amylases, given an appropriate
substrate, illustrates the inadequacy of the usual characterization of these enzymes as
hydrolases that produce overwhelming hydrolysis of all substrates

INTRODUCTION

The study of enzymucally catalyzed glycosylation reactions that take place
without glycosidic bond-cleavage has been found to offer a unique means of gaming
new 1nsight into the scope and mechanism of carbohydrase action’™7 An early
indication of the potentiality of this approach was obtained! when purified alpha
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amylases from several biological sources were found to catalyze the formation of
maltose and maltooligosaccharides from o«-D-glucopyranosyl fluoride in preference
to causing hydrolysis of this nonglycosidic substrate These results provided a much
different view of the catalytic capabilities of alpha amylases than that afforded by their
customary representation® '3 as hydrolases having an overriding affinity for water
and scant capacity to cause glycosyl transfer Of equal importance, considering that
the observed reactions requred the use of relatively high concentrations of both
a-D-glucosyl fluoride and amylase, was the recognition that «-maltosyl fluoride was
an obhgatory intermediary 1n the path leading to saccharide formation Thus, it
appeared likely that a more complete understanding of the catalytic capabilities of
alpha amylases might be reached by using a-maltosyl fluoride as a glycosyl substrate
Imtially, only very crude preparations of this previously unreported compound
were available for study, and these permitted only a hmited amount of information
to be gathered Through their use, however, various alpha amylases were observed?>
to bring about extensive formation of maltooligosaccharides from much lower
concentrations of ¢-maltosyl fluoride than from «-p-glucosyl fluoride These findings
prompted our development of a procedure for preparing pure a-maltosyl fluoride?
The present study deals with the utilization of the purified substrate by crystalline
alpha amylases from a number of sources, specifically, with the kinds and amounts
of reaction products found under different conditions, and with rates of utilization
of «-maltosyl fluoride by the individual enzymes The findings are discussed with
respect to the 1dentity of the underlying chemical change effected by alpha amylases,
and the nature of the factors that may determine whether or not water enters reactions
catalyzed by these enzymes A preliminary account of the findings has been presented*

RESULTS AND DISCUSSION

The present work provides evidence that highly purified alpha amylases have
a substantial capacity to utilize «-maltosyl fluoride both as a donor and as an acceptor
substrate A finding of particular sigmificance 1s that these enzymes catalyze transfer
reactions dominantly, even with the substrate at low concentration In one set of
experiments, for example, «-maltosyl fluoride (5 6 mMm) was subjected to the action
of different alpha amylase preparations i1n concentrations sufficient to convert the
greater part (73-979;) of the substrate into products in 20 min at 30° Components
of the digests were recovered essentially quantitatively following paper chromatog-
raphy, and their yields determined as D-glucose As shown in Table I, maltooligo-
saccharides containing from three to six D-glucose residues were produced in abund-
ance from the «-maltosyl fluoride by all six alpha amylases, their combined yield
exceeded that of maltose in all but one digest It 1s evident that, under these experi-
mental conditions (where the ratio of water to that of the fluoro sugar was 10,000 1),
nearly all or the alpha amylases catalyzed glycosyl transfer-reactions to a greater
extent than hydrolysis

More-detailed mformation on the action of the various alpha amylases on «o-
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TABLE I

ACTION OF CRYSTALLINE ALPHA AMYLASES ON 5 6 MM x-MALTOSYL FLUORIDE

Components Yields of components from digests with different amy lases

recovered (as umol of p-glucose) =

Sfrom digests B subtilis B subtiis B subtilis Hog B subulis Asp
amylolique- keat stable biotechus pancreas amylosac- oryzae
faciens (100 nagase (8 pig/ml) chanticus (71 ug/ml)
(100 ugfml) (100 (2 ugimi)
rglml) ugiml)

Maltotriose through

maltohexaose 36 34 32 36 26 21
Maltose 07 07 07 12 24 35
Residual a-maltosyl

fluoride 13 12 16 12 04 02

aMixtures of a-maltosyl fluornide (5 6 mm) and of alpha amylase (as histed) . 0 025Mm acetate buffer
(pH 5 6) were incubated for 20 min at 30° Components from 0 54 ml of each digest (3 0 xmol
substrate) were recovered following chromatography, and determined as p-glucose!®

maltosyl fluoride was gained through a series of expertments 1n which enzymic digests
were analyzed and ccmpared at early and late stages of substrate utilization Multiple,
ascending, preparative chromatography in 6 4 3 1-butanol-pyridine-water was used
to provide for the clear separation and recovery of individual maltoohigosaccharides
up to the hexaose

Also, a higher concentration (30 mm) of substrate was employed 1n order to
provide adequate amounts of individual, initially formed products for qualitative
and quantitative comparison with products recovered at a late stage

Table II shows the composition and overall characteristics of the six paired
digests examined Itisevident from the total (combined) yields of all reaction products
and the amount of residual a-maltosyl fluoride recovered, that 909 or more of the
carbohydrate present 1n each digest was recovered for study, also, that the extent of
substrate utilization was from 6-15% 1n the early-stage mixtures, and from 77-959%/
in those of the late stage Moreover, 1n the case of the early-stage (20 min) digests,
the amounts of enzyme used and of total products recovered permit estimation of
specific imtial rates of “overall utilization™ of 30mM a-maltosyl fluoride by the various
alpha amylase preparations These rates, which measure the combined usage of the
substrate as a glycosyl donor and as a glycosyl acceptor, were approximately 10
pmol/min/mg for the hquefying alpha amylases from the three B subtilis strains,
~45 and ~ 160 pmol/min/mg, respectively, for the pancreatic and saccharifying
B subtiis amylases, and ~ 1550 pmol/min/mg for the amylase from Asp or)zae
Despite the wide range of velocities found among the enzymes, the high rates observed
mn all instances attest to the substantial catalytic activity of these endo-glucanases
for this substrate containing only two D-glucose residues
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TABLEII

ACTION OF ALPHA AMYLASES ON 30 mM «-MALTOSYL FLUORIDE OVERALL CHARACTERIZATION OF EARLY~
AND LATE-STAGE DIGESTS

Crystalline Early-stage digests® Late-stage digests®

alpha amylase Alpha Toral Residual  Sub- Alpha Total Residual Sub-

preparation amylase prod- sub- strate  amylase  prod- sub- strate
content ucts© strate® used content ucts® strate  used
(ng) (umol)  (umol) (%) (ug) (umol) (umol) (%)

B subtilis var

amy lohiquefaciens 64 28 202 12 iz 47 10 82

B subtilis (heat-

stable enzyme) 8 32 185 15 12 48 10 83

B subtilis var

biotechus nagase 3 i 187 14 12 48 12 80

Hog pancreas 08 15 226 6 37 52 06 90

B subtilis var

amylosacchariticus 03 20 220 8 075 54 03 95

Aspergillus oryzae 005 31 197 14 010 42 13 77

aTest mixtures (400 L) comprised a-maltosyl fluoride (12 umol) and alpha amylase (as listed) 1in
0 01M acetate buffer (pH 5 6), incubated for 20 min at 30° 2Test mixtures (100 uL) comprnised o~
maltosyl fluoride (3 #mol) and alpha amylase (as listed) in 0 08Mm acetate buffer (pH 5 6), incubated
for 1 h at 30° <Quantity recovered by preparative chromatography, determined and expressed as
p-glucose See Fig 1 for kinds and proportions of individual reaction-products recovered from each
digest

The types and proportions of individual reaction products present n the fore-
going digests by the different alpha amylases are shown in Fig 1 Attention 1s directed
to one unusual product (X) detected in chromatograms of early-stage digests as
a spot, located between maltose and maltotriose, that stamed extremely slowly
with silver mitrate This product was examined following its 1solation 1n small (0 3-1
mg) amounts from early digests with several different alpha amylases It 1s a non-
reducing compound which, when hydrolyzed (10 min, 100°) with 0 01M sulfuric acid,
1s converted wholly into maltotetraose and hydrogen fluoride Beta amylase, which
hydrolyzes a-maltosyl fluoride at the C-F glycosylic bond?, catalyzed the complete
hydrolysis of X to maltose and hydrogen fluoride Analyses showed 0 85 mol of
fluoride for each 4 mol of D-glucose Taken together, the data strongly suggest that
compound X 1s maltotetraosyl fluoride

The striking finding (Fig 1) 1s the high proportion of compound X present
1n the mitial stage of utilization of «-maltosyl fluoride by the various alpha amylases
This amounted to 509 of the weight of all reaction products in four mstances,
20 and 30 % in two others With one exception, the yield of maltose was low (7-10%),
whereas that of higher maltooligosaccharides accounted for 40-60 9 of all products
The Asp oryzae amylase produced a preponderant amount of compound X, but
yielded shghtly more maltose than higher ohigosaccharides. It 1s evident that, imtially,
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Fig 1 Product patterns at early and late stages of digestion of 30 mM «-maltosyl fluoride by different
alpha amylases Product recoveries were from chromatograms developed with 6 4 3 1-butanol-
pyridine-water Shaded bars represent a nonreducing product, X, presumed to be maltotetraosyl
fluonide, eluted from the 3—4-cm region separating maltose and maltotriose Numbered bars 2
represents maltose, 3, 4, 5, 61, maltotriose through maltohexaose and beyond Stippled bars indicate
the preponderant maltooligosaccharide product(s) in the digest The length of each bar corresponds
to the yield, as 94 by weight, of all products recovered* The extent of substrate utilization m each

digest 1s given in Table I1

most of the alpha amylases preferentially catalyzed maltosyl transfer from a-maltosyl
fluoride to the C-4 hydroxyl group of a second molecule of maltosyl fluoride, rather
than to water, even though the latter was available as an acceptor at more than 1800
times the molar concentration of the maitosyl fluoride

By the late stage of digestion, little or no product X (that i1s, maltotetraosyl
fluoride) remained Evidently, 1t was used as an intermediate 1n the formation of
maltooligosaccharides having a degree of polymerization (d p ) of three or higher
At late conversion, the yield of such maltooligosaccharides was 2-5 times that
of maltose with all of the alpha amylases tested A possible role for maltose as an
acceptor n the formation of these oligosaccharides is not excluded

As 1llustrated 1 Fig 1, several different patterns of products were formed
from «-maltosyl fluoride by the various types of amylases tested The formation of
distinctive product-patterns upon hydrolysis of starch or maltooligosaccharides by
alpha amylases of different origins has been well established!® 12 16 17 [p the present
experiments, the identity of the most prominent maltooligosaccharide product

*Although not shown 1n the diagram, small proportions (3-7 %) of p-glucose and p-glucosyl fluoride
were recovered from both of the digests of a-maltosyl fluoride by the sacchanfying amylase of B
subtilis var amylosacchariticus
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Fig 2 Ascending chromatogram showing the series of oligosacchandes produced by the action of
1 pg of crystalhine Aspergillus ory zae alpha amylase/mL on 30mmMm a-maltosyl fiuoride (ASP), compared
with a partial hydrolyzate of short-chain amylose as standard (ST)

tended to change as digestion proceeded Maltohexaose, for example, was the nitially
dominant maltooligosaccharide 1n reactions catalyzed by the three bacterial lique-
fying amylases, later, maltopentaose was preponderant The most unusual change
was the development of late-state prominence of higher maltooligosaccharides in the
Asp oryzae digest.

Fig 2 shows the chromatogram of a late-stage digest of 30mM «-maltosyl
fluoride by 1 ug of the mold enzyme/mL, compared with partly hydrolyzed amylose
as the standard With the high-resolution solvent-system!® used, the enzymically
produced oligosaccharides may be monitored to approximately d p 12 This demon-
stration of the ability of the Asp oryzae alpha amylase to catalyze glycosylation
reactions in which water 1s kept out of a succession of steps 1s completely out of
keeping with the traditional view of alpha amylase action as being essentially entirely
hydrolytic The progressive accumulation of lhugher oligosaccharides 1n the late stage
would indicate that the enzyme catalyzes the formation of such oligosacchanides
faster than it catalyzes their degradation
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As already noted (Table II), the mold enzyme was found to catalyze the
“overall utilization” of 30mM «-maltosyl fluoride at the rate of ~ 1550 pmol/min/mg,
an extremely high value relative to the stated activity of this crystalline amylase for
hydrolysis of starch (120 pmol of maltose/min/mg) Measurements of the rate of
hydrolysis of 19 soluble starch (at pH 5 6 and 37°) for the particular preparation
used 1n the present study gave a somewhat lower value, 88 pmol of maltose formed/
mmn/mg Further information on the relative activity of the two substrates was
obtained by determining the imitial rates of fluoride 10n release from «-maltosyl
fluonide as catalyzed by the enzyme A series of buffered (pH S 6) digests containing
12-180mM substrate and 02 ug Asp ory-ae amylase/ml was incubated for 20 min
at 30°, and then assayed for free fluoride by the use of a specific probe for fluoride 10on
Less than 159 of the C-F glycosylic bonds of the substrate were broken under the
digest conditions, allowing imitial reaction rates (v = umol of fluoride anion released/
min/mg of protein) to be determined for the different concentrations (S) of substrate
The results provided a hnear curve for the relationship 1/v versus 1/S Calculations
by a least-squares method'® gave K, = 34mMm «-maltosyl fluoride, and V,,,, =
1560 umol of fluoride released/min/mg Of particular interest was the experimental
finding that the rate of cleavage of the C-F glycosylic bond of 30mm «-maltosyl
fluoride was 790 pmol/min/mg (730 gmol/min/mg if calculated on the basis of the
kinetic constants) The speed of usage of 30mm «-maltosyl fluoride as a donor sub-
strate was, thus, about one-half that found for 1ts “overall utilization” under 1dentical
reaction-conditions (that 1s, ~ 1550 umol/min/mg, Table II) The difference (~760
nmol/min/mg) provides a rough measure of the initial rate at which 30mM «-maltosyl
fluoride was used as a glycosyl acceptor by the Asp o1y-ae amylase This high rate
of use as an acceptor 1s 1n accord with the finding that brief incubation of «-maltosyl
fluoride with a low concentration of the enzyme afforded a sufficient amount of
transfer product X for structural examination

In the case of pancreatic amylase, whose starch-hydrolyzing capacity 1s known
to depend on the presence of chloride!72°, a comparison was made of the utilization
rates of a-maltosyl fluoride 1n paired reaction-mixtures differing only in their chloride
content Catalysis of C-F bond-cleavage by the enzyme was found to proceed
approximately twice as fast in digests containing 10mm sodium chloride as in digests
having less than O 3mwm salt, thus providing further evidence that the catalyst 1s. in
fact, the alpha amylase itself

We envisage that the major, imtial interaction between alpha amylases and «-
maltosyl fluoride 1s one in which two molecules of substrate are bound to the enzyme
1s such a way that the C—F glycosylic bond of one, and the C-4 hydroxyl group of the
other, are positioned in the region of the enzyme’s catalytically active groups Pre-
sumably, the properly positioned 4-hydroxyl group would compete effectively with
water as the glycosyl acceptor, so that glycosyl transfer would occur Interaction
providing hydrolysis of «-maltosyl fluoride to maltose would occur to a lesser extent
We further envisage that successive glycosyl transfer reactions would occur 1n which
newly formed maltotetraosyl fluoride, maltohexaosyl fluoride, and so on, would
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serve as co-substrates with a-maltosyl fluoride (and perhaps with each other), pair-
binding to enzyme m the orientations already noted Maltose, too, may participate
as an acceptor in such reactions At some pomnt in the chamn-elongation process,
newly formed molecules would reach sufficient length (varying with the type of
amylase) to bind more effectively 1n another mode namely. with the p-glucose
residues of one molecule occupying both donor and acceptor sites of the enzyme,
and with a (1—»4)-a-D-glucosidic linkage positioned 1n the region of the catalytic
groups Hydrolysis would then be expected to produce an even- or uneven-numbered
maltooligosaccharide fragment, or maltose

With bacterial amylases of the liquefying type, where maltohexaose was found
to be the dommmant maltooligosacchande n the first stages of reaction, the polymer-
1zation of a-maitosyl fluoride must have involved several successive glycosyl-transfer
steps It would seem likely that maltooctaosyl fluoride or a higher homolog would
have been produced before appreciable binding could occur in the mode leading
to hydrolysis and maltohexaose formation Maltooligosaccharide chains comprising
fewer than seven D-glucosyi residues have been found to be relatively insusceptible
to hydrolysis by bacteral, hquefying amylases?! 22

In sum, the results obtained with o-maltosyl fluoride extend those reported
earlier! with o-D-glucopyranosyl fluoritde They clearly _demonstrate that alpha
amylases are able to catalyze glycosylation reactions wn preference to Iydrolysis
when acting on substrates that bind to enzyme primarnily in a paired fashion as donor
and acceptor Yet, with such substrates as starch or glycogen, which mainly bind
with a single chain positioned across the catalytic center, the same enzymes catalyze
hydrolysis* As either type of reaction may be dominantly expressed, it 1s evident
that the usual description of alpha amylases as hydrolases!! (implying the ability
to catalyze overwhelming hydrolysis of all substrates), 1s inadequate The adoption
of a broader view of alpha amylases, for instance as glycosylases or catalysts of
glycosyl-proton interchange® ?, 1s necessary in order to account for their demon-
strated capabiiities Present findings illustrate, finally, how the study of productive
glycosylation reactions that occur without glycosidic-bond cleavage may be used
to gain fresh insight into the catalytic capacities of carbohydrases, even when these
have supposedly been well defined on the basis of extensive studies made with
glycosidically linked substrates

EXPERIMENTAL

Reaction components — o-Maltosyl fluoride was prepared from analytically
pure, crystailine hepta-O-acetyl-a-maltosyl fluoride by deacetylation, and punfied
on columns of silica gel 60, as recently described® The compound produced a single

*A sizable proportion of nonhydrolytic reactions has been found to occur, however, when glycogen
is acted upon by B amyloliquefaciens and hog-pancreas alpha amylases i the presence of a suitable
acceptor (for example, p-mitrophenyl g-b-glucopyranoside)z3
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spot on chromatograms, and migrated at Rg,. 115 1mn the solvent systems used
Solutions were made m cold, acetate buffers (pH 5 6) of appropriate 1onic strength
immediately prior to use

Alpha amylase preparations from six different sources were exammed The
twice-crystallized enzyme from hog pancreas (Type 1-A, Sigma Chermical Co ) was a
suspension in half-saturated sodium chloride and 3mm calcium chloride, stock
solutions of 1 mg/mL were prepared by centrifuging known volumes of the suspension
at 8000g for 15 mun and dissolving the sediment in cold, distilled water The other
alpha amylases were dry solids that were dissolved 1n ice-cold, distilled water to give
sumlar stock-solutions Liquefying alpha amylase from Bacillus subtilis var amylo-
liquefaciens (Fukumoto) was a twice-recrystailized product from Seikagaku Kogyo
Co , Tokyo, Japan, found to be homogeneous on ultracentrifugation®® The tempera-
ture resistant, liquefying alpha amylase from B subtilis was a twice crystallized
preparation (Daiwa Kaser Co, Ltd , Osaka, Japan) specified as being homogeneous
on gel fltration Crystalline, iquefymg alpba amylase from B subtilis var biotechus
nagase was kindly furnished by Dr. T Komak: of Nagase and Co, Ltd, Osaka,
Japan Twice-crystalhized, saccharifying alpha amylase from B subtilis var amvlo-
saccharificus (Fukumoto) was the product of Seikagaku Kogyo Co Three-times
crystallized alpha amylase from Aspergillus oryzae (Sankyo Co , Ltd , Tokyo, Japan)
was specified as being homogeneous by electrophoretic and ultracentrifugal analysis,
and as having hydrolytic activity for soluble starch (at pH 5 5 and 37°) of 120 gmol
reducing sugar released (as maltose)/min/mg

Patterns of action of different alpha amylases on 56 and 30mm a-maltosy!
fluoride — Incubated mixtures containing ws-maltosyl fluoride and alpha amylase
as well as concurrently mcubated, control mixtures of substrate and buffer, were
applied as 20-cm bands on Whatman No I paper A standard of partly hydrolyzed
amylose (see later), providing a uniform series of inear maltooligosaccharides, was
spotted 1 cm from the ends of each band Dagests of 5 6m» «-maltosyl fluoride were
chromatographed by using a single ascent 1n 6 4 3 l-butanol-pyridine-water Early-
and late-stage digests of 30mM substrate were subjected to two 22-h ascents in the
same solvent system to provide wide separation of the lower maltooligosaccharides
Carbohydrate components of each mixture were located by staining strips cut from
the ends of bands, including the maltoolhigosaccharide standards A silver nitrate
dipping-method?* was used, with the strips being hung in air for 10 min following
application of the sodium hydroxide reagent, to allow detection of nonreducing
compounds The mdividual components were quantitatively eluted from sections
of the 18-cm center panel by use of 1 1 methanol-water Duplicate aliquots of the
centrifuged eluates were dried under vacuum at 55° 1n a Rotary Evapo Mix (Buchler
Instruments Co ) and analyzed for total D-glucose content The phenol-sulfuric acid
method?® was used, with precise timing of steps and with concurrent measurements
made 1n duplicate on each of a series of eight D-glucose standards Correction was
made for traces of carbohydrate eluted from corresponding sections of control
chromatograms



296 G. OKADA, D S GENGHOF, E. J HEHRE

For demonstrating the range of oligosaccharides finally produced from o-
maltosyl fluoride by the action of crystalline, 4. oryzae alpha amylase, a mixture of
30mM substrate and 1 pug enzyme/mL 1n O O5M acetate buffer (pH 5 6) was 1ncubated
for 1 h at 30° Chromatograms of 15-ul. samples were developed in 35-39-26 1-
butanol-pyridine-water!® (two 22-h ascents), and stamned with siiver nitrate?4
Chromatographed concurrently, as a standard, was a partial hydrolyzate of short-
chain amylose. This was prepared by mmcubating 4 mL of a 59 solution of dp 19
amylose (EX-1, Hayashibara Laboratories, Okayama, Japan) with 2 ug/mL of
B subulis hquefying alpha amylase at pH 5 6 for 15 min at 30°, after heat nactiva-
tion, D-glucose was added to a concentration of 0 25 mg/mL

Fluoride deterrmnation — Measurements of free fluoride (in the presence or
absence of maltosyl fluoride) were made with the aid of a specific fluoride-10n probe
(Ornion specific 1on meter, Model 407A, and combination fluoride electrode, Model
96-09) Test samples and sodium fluoride standards were diluted with an equal
volume of a solution comprising M sodium acetate buffer (pH 5 2), m sodium chlonde,
and 0 4% 1,4-cyclohexanebis(dinitrilotetraacetic acid) monohydrate, and then poured
into 5-mL polyethylene beakers Meter readings were recorded 45 sec after immersion
of the electrode 1n the solution under test

Identification of product X — Duplicate mixtures (040 mL) of 30mMm «-
maltosyl fluonde and 0 125 ug Asp ory-ae alpha amylase/mL in 002M acetate
buffer (pH 5 6) were ncubated for 20 min at 30° Each was chromatographed as
a 20-cm band 1n 6 4 3 l-butanol-pyridine~water (three 22-h ascents) Product X,
located with the aid of stained guide-strips, was eluted with methanol, dried samples
were obtained from 50- and 10-mL portions of eluate by removing solvent in a vacuum
evaporator The larger sample was hydrolyzed in 6 mL of 0 Oim sulfunc acid for
10 mun at 100°. Analyses showed that the hydrolyzate contained 0 186 umol fluoride
amon/mL, and 0 877 umol of total carbohydrate (as D-glucose)/mL!>, that 1s, 0 85
mol of fluoride for each 4 mol of D-glucose Product X, from 10 mL of eluate, was
dissolved 1 210 uL of water One 75-uL portion was treated with 75 L of 0 02M
sulfuric acid (10 min. 100°), another was mcubated with 75 uL. of a solution con-
taiming 30 units of a-glucosidase-free beta amylase?® for 4 h at 30° Samples (15 pL)
of the unhydrolyzed, acid-hydrolyzed, and enzyme-hydrolyzed product were chro-
matographed, together with maltoolhigosaccharide standards, using two 22-h ascents
mn 6 4 3 [-butanol-pyvridine—~water On staiming with silver nitrate, unhydrolyzed X
gave a single, very slowly stamning spot 11 5 cm from the origin, midway between
maltose (14 3 cm) and maltotriose (9 3 cm) The acid hydrolyzate yielded a single
spot at 55 cm identical 1in migration with authentic maltotetraose (55 cm) and
faster than maltopentaose (3 6 cm) The hydrolyzate with beta amylase yielded a
single spot at 14 3 cm, identical 1n mgration with maltose Similar results were
obtained with product X recovered from early-stage digests of «-maltosyl fluoride
by alpha amylases from hog pancreas and from B subtilis var amyloliquefaciens.

Identification of maltoohigosaccharides — Oligosacchandes recovered from
digests of «-maltosyl fluoride by each amylase were tentatively 1dentified by their
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chromatographic mobility and staming behavior versus maltooligosaccharide stand-
ards In addition, a 100-uL sample of a late-stage digest prepared with each amylase
was treated with 40 units of a-D-glucosidase-free beta amylase?®, and the muxture
mcubated for 4 h at 30° In all cases, D-glucose and maltose were the only products
detected by chromatography

Initial rates of action of Asp oryzae alpha amylase — A series of mixtures,
contaming 12-180mm «-maltosyl fluoride and 0 2 ug of Asp oryzae alpha amylase/mL
(1n 0 05M acetate buffer, pH 5 6) was incubated for 20 min at 30°, and then analyzed
for free fluoride content Initial rates of 408, 490, 542, 790, 949, and 1362 umol/min/mg
of protein were found for 12, 15, 20, 30, 60, and 180mm substrate, respectively

Mixtures containing 1% of soluble potato starch of dextrose equivalent 05
(Mallinckrodt), and 0 25, 0 50, or 1 ug of Asp oryzae alpha amylase/mL 1n 0 05m
acetate buffer (pH 5 6), were incubated for 10 mun at 37° Analyses of reducing-
sugar content (as maltose) were made by the Nelson-Somogy: procedure?® 27 stand-
ardized with solutions of maltose monohydrate An initial velocity of 88 umol/
min/mg of protemn was found in each case

Effect of chloride on the action of pancireatic amylase on a-maltosy! fluoride. —
Initial rates of cleavage of the C—F bond of «-maltosyl fluoride were determined on
paired mixtures containing 30mM substrate, 10 pg of hog pancreatic amylase/mL,
and O 05M acetate buffer (pH 5 6), but differing in chloride content After incubation
for 20 min at 30°, the mixtures were analyzed for concentration of free fluoride
Specific imtial rates of 107 and 22 7 umol of fluonide released/min/mg of proten
were found for mixtures containing less than 0 3mM and 10mi chloride, respectively
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NOTE ADDED IN PROOF

x-Maltotetraosyl fluoride has recently been synthesized chemically (E J Hehre
and D S Genghof., unpublished results) and found to have properties, including
chromatographic mobality, 1n accord with those reported herein for compound X
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