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ABSTRACT 

Crystalhne alpha amylases from a number of sources utlhzed rr-maltosyl fluoride 
as a glycosyl donor and acceptor at high rates (- 10 to - 1550 ~mol/mm/mg of protem, 
for 30 mM substrate)_ All enzymes catalyzed converslon of this compound mto 
maltoohgosacchandes m preference to causmg Its hydroIysls Maltotetraosyl fluoride 
and maltoohgosacchandes of d p 3 to 6+ accounted for 75-93 % (by weight) of 
early reactIon-products At a late stage, the yield of maItoohgosaccharldes was 
2-5 times that of maltose, with chams as long as 12 D-glUCOSy1 residues formed by 
one amylase (from Asp myme), which utlhzed a-maltosyl fluoride as a donor and 
as an acceptor at extremely high rates These results mdlcate that alpha amylases 
have a substantial capacity for bmdmg two molecules of this small substrate m a 
dlstmctlve way, with the C-F glycosyhc bond of one and the free C-4 hydroxyl 
group of the other located m the repon of the enzyme’s catalytic groups, thereby 
favormg glycosylation of the smtably positIoned acceptor over solvent water Hydro- 
lys~s IS assumed to prevad when only a smgle substrate molecule or segment bmds 
to alpha amylase with a (l-+4)-a-D-glucosldlc hnkage or glycosyhc C-F bond 
posItIoned at the catalytic center The present demonstration that glycosyl-transfer 
reactlons can be dommantly expressed by alpha amylases, &en an appropriate 
substrate, Illustrates the Inadequacy of the usual characterlzatlon of these enzymes as 
hydrolases that produce overwhelmmg hydrolysis of all substrates 

INTRODUCTION 

The study of enzynucally catalyzed glycosylatlon reactIons that take place 
wlthout glycosldlc bond-cleavage has been found to offer a umque means of gammg 
new mslght mto the scope and mechamsm of carbohydrase actIon’- ’ An early 
mdlcatlon of the potentlahty of this approach was obtained’ when punfied alpha 
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Japan 
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amylases from several bIologIca sources were found to catalyze the formatlon of 
maltose and maltoohgosaccharldes from a-D-glucopyranosyl fluoride m preference 
to causing hydrolysis of this nonglycosidlc substrate These results provided a much 
d&erent view of the catalytic capablhtles of alpha amylases than that afforded by their 
customary representation*-I3 as hydrolases havm g an overrldmg affinity for water 
and scant capacity to cause glycosyl transfer Of equal Importance, consldermg that 
the observed reactlons required the use of reIatlvely high concentrations of both 
CC-D-glucosyl fluoride and amylase, was the recognition that a-maltosyl fluoride was 
an obligatory intermediary m the path leading to saccharlde formatlon Thus, It 
appeared likely that a more complete understanding of the catalytic capablhtles 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 limited amount of mformatlon 
to be gathered Through their use, however, various alpha amylases were observed’ 
to bring about extensive formation of maltoohgosaccharldes from much lower 
concentrations of a-maltosyl fluoride than from a-D-glucosyl fluoride These findings 
prompted our development of a procedure for preparing pure a-maltosyl fluoride5 
The present study deals with the utilization of the purified substrate by crystalline 
alpha amylases from a number of sources, speclfically, with the kmds and amounts 
of reaction products found under different condltlons, and with rates of utlhzatlon 
of a-maItosy1 fluoride by the mdlvldual enzymes The findings are discussed with 
respect to the identity of the underlying chemlca1 change effected by aIpha amylases, 
and the nature of the factors that may determine whether or not water enters reactlons 
catalyzed by these enzymes A preliminary account ofthefindmgs has been presented14 

RESULTS AND DISCUSSION 

The present work provides evidence that highly purified alpha amylases have 
a substantial capacity to utlhze a-maltosyl fluoride both as a donor and as an acceptor 
substrate A finding of partlcuIar slgmficance IS that these enzymes catalyze transfer 
reactions dominantly, even with the substrate at low concentration In one set of 
expenments, for example, a-maltosyl fluoride (5 6 mhi) was subjected to the actlon 
of different alpha amylase preparations m concentrations sufficient to convert the 
greater part (73-97%) of the substrate into products m 20 mm at 30” Components 
of the digests were recovered essentially quantltatlvely foIlowmg paper chromatog- 
raphy, and their yields determined as D-glucose As shown m Table I, maltoohgo- 
saccharides containing from three to SIX D-glucose residues were produced m abund- 
ance from the cc-maltosyl fluorrde by all SIX alpha amylases, their combined yield 
exceeded that of maltose m all but one digest It 1s evident that, under these expen- 
mental condltlons (where the ratio of water to that of the fluoro sugar was 10,000 I), 
nearIy all oi the alpha amyIases catalyzed gIycosy1 transfer-reactions to a greater 
extent than hydrolysis 

More-detailed mformatlon on the action of the various alpha amylases on a- 
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TABLE I 

ACI~ON or cRYSL~UINE ,4Lmi.4 AMyLAsEs ON 5 6 mhf a-hfM.-rosyL FLUORIDE 

Components Yields of components from drgests wrrh dtflerent am) lases 
recovered (as FmoI of D-ghcose) a 
from digests B subtlhs B subtdls B subtk Hog B subtdls Asp 

amylolrque-hear stable blotechus pancreas amylosac- ojzae 
faclens (ZOO nagase (8 jcglml) chantxus CZ rig/ml) 
(ZOO PglmI) (ZOO (2 Fcglml) 
klglm[) LlglmU 

Maltotrrose through 
maltohexaose 

Maltose 
Residual a-maltosyl 

fiuorlde 

36 34 32 36 26 21 
07 07 07 12 24 35 

13 12 16 12 04 02 

“Mtxtures of a-maltosyl fiuorlde (5 6 mhf) and of alpha amylase (as hsted) m 0 035hf acetate buffer 
(pH 5 6) were Incubated for 20 mln at 30’ Components from 0 54 ml of each digest (3 0 ,umol 
substrate) were recovered followmg chromatography, and determrned as o-glucoselJ 

maltosyl fluoride was gamed through a series of experiments m which enzymlc digests 
were analyzed and compared at early and late stages of substrate utlhzatlon MultIpIe, 
ascendmg, preparative chromatography III 6 4 3 I-butanol-pyrldme-water was used 
to provide for the clear separation and recovery of mdlvIdua1 maltoohgosaccharldes 
up to the hexaose 

Also, a higher concentration (30 IIIM) of substrate was employed m order to 
provide adequate amounts of mdlvrdual, uutlally formed products for quahtatlve 
and quantltatlve comparison with products recovered at a late stage 

Table II shows the cornposItIon and overall characterlstlcs of the SIX palred 
digests exammed It JS evident from the total (combmed) yields of all reactlon products 
and the amount of residual cr-maltosyl fluoride recovered, that 90% or more of the 
carbohydrate present m each digest was recovered for study, also, that the extent of 
substrate utlhzatlon was from 6-l 5 0Y m the early-stage mlutures, and from 77-95 “/, 
m those of the late stage Moreover, m the case of the early-stage (20 mm) digests, 
the amounts of enzyme used and of total products recovered permit estlmatlon of 
specdic mltlal rates of “overall utlhzatlon” of 30mnr u-maltosyl fluoride by the various 
alpha amylase preparations These rates, which measure the combmed usage of the 
substrate as a glycosyl donor and as a glycosyl acceptor, were approximately 10 
jlmol/mm/mg for the hquefymg alpha amylases from the three B mbtrlrs strams, 
-45 and - 160 /tmol/mm/mg, respectively, for the pancreatic and sacchanfymg 
B subtrhs amylases, and N 1550 pmol/mm/mg for the amylase from Asp oryae 
Despite the wide range of velocities found among the enzymes, the high rates observed 
m all Instances attest to the substantial catalytic actlvlty of these endo-glucanases 
for this substrate contammg only two D-glucose residues 
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TABLE II 

ACTION OF ALPHA AMYLASES ON 30 mhl a-MALTOWL FLUORIDE OVER&L C?IAXA CTERlZA’l-lON OF EARLY- 

Al+D LATE-STAGE DXGESI-S 

Crystalhne 
alpha amylase 
preparatton 

Early-stage digests” Late-stage drgestsb 
Alpha Total Resrdrcal Sub- Alpha Total Resrdual Sub- 
amylase prod- sub- strate amy lase prod- sub- strate 
content uctsc strateC ased content 1cct.P strateC ased 

(j(g) (jcmol) (jcmol) (%) (pg) (pmol) (pmol) (%I 

B subtrlts var 
am~lohqaefac~ens 6 4 28 20 2 12 12 47 10 82 
B sabtdrs (heat- 
stable enzyme) 8 32 18 5 15 12 48 10 83 
B sabtrhs var 
blotechas nagase 8 3i 18 7 14 I2 48 12 80 
Hog pancreas 08 15 22 6 6 37 52 06 90 
B subtdu var 
amylosacchar~trcas 0 3 20 220 8 0 75 54 03 95 
Aspergdias oryrae 005 31 19 7 14 0 10 42 13 77 

=Test mixtures (400 jlL) comprised a-maltosyl fluonde (12 pmol) and alpha amylase (as hsted) m 
0 01~ acetate buffer (pH 5 6), Incubated for 20 mm at 30” bTest mixtures (100 [CL) comprised a- 
maltosyl fluonde (3 lcmol) and alpha arnyIase (as hsted) In 0 08hi acetate buffer (pH 5 6), Incubated 
for 1 h at 30” CQuantq recovered by preparatwe chromatography, determmed and expressed as 
D-glucose See Fig 1 for kmds and proportlons of mdlvldual reactton-products recovered from each 
digest 

The types and proportions of individual reaction products present in the fore- 
gomg digests by the different alpha amylases are shown m Fig 1 Attention IS directed 
to one unusual product (X) detected in chromatograms of early-stage digests as 
a spot, located between maltose and maltotnose, that starned extremely slowly 
wrth silver nitrate This product was examined followmg its isolation m small (0 3-l 
mg) amounts from early digests wrth several different alpha amylases It 1s a non- 
reducmg compound which, when hydrolyzed (10 mm, 100”) with 0 olhf sulfuric acid, 
is converted wholly mto maltotetraose and hydrogen fluoride Beta amylase, which 
hydrolyzes or-maltosyl fluoride at the C-F glycosyhc bond5, catalyzed the complete 
hydrolysis of X to maltose and hydrogen fluonde Analyses showed 0 85 mol of 
fluoride for each 4 mol of D-glucose Taken together, the data strongly suggest that 
compound X IS maltotetraosyl fluoride 

The strikmg finding (Fig 1) IS the high proportion of compound X present 
m the mltial stage of utlhzation of cr-maltosyl fluoride by the various alpha amylases 
This amounted to 50% of the weight of all reaction products m four instances, 
20 and 30 % m two others With one exception, the yield of maltose was low (7-10 %), 
whereas that of higher maltoohgosacchandes accounted for 40-60% of all products 
The Asp oryzae amylase produced a preponderant amount of compound X, but 
yielded slightly more maltose than higher ohgosacchandes. It 1s evident that, mitially, 
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Fig 1 Product patterns at early and late stages of dIgestIon of 30 ITIM a-maltosyl fluonde by different 
alpha amylases Product recoveries were from chromatograms developed with 6 4 3 l-butanol- 
pyndme-water Shaded bars represent a nonreducmg product, X, presumed to be maltotetraosyl 
fluonde, eluted from the 34cm region separatmg maltose and maltotnose Numbered bars 2 
represents maltose, 3,4,5,6+, maltotnose through maltohexaose and beyond Stippled bars mdlcate 
the preponderant maltoohgosacchande product(s) m the digest The length of each bar corresponds 
to the yield, as % by weight, of all products recovered * The extent of substrate utlhzatlon 111 each 
digest IS given m Table II 

most of the alpha amylases preferentially catalyzed maltosyl transfer from cr-maltosyl 
fluoride to the C-4 hydroxyl group of a second molecule of maItosy1 fluoride, rather 
than to water, even though the latter was avallable as an acceptor at more than 1800 
times the molar concentration of the maltosyl fluoride 

By the late stage of dIgestIon, httle or no product X (that ls, maltotetraosyl 
fluonde) remamed Evidently, It was used as an mtermedlate m the formatlon of 
maltoohgosacchandes having a degree of polymenzatlon (d p ) of three or higher 
At late converslon, the yield of such maltoohgosaccharldes was 2-5 times that 
of maltose with all of the alpha amylases tested A possible role for maltose as an 
acceptor m the formation of these ohgosaccharldes is not excluded 

As Illustrated m Fig 1, several different patterns of products were formed 
from a-maltosyl fluoride by the various types of amylases tested The formatlon of 
dlstmctlve product-patterns upon hydrolysis of starch or makoohgosacchandes by 
alpha amylases of different ongms has been well estabhshedl’ l2 l6 ” In the present 
expenments, the IdentIty of the most prominent maltoohgosaccharlde product 

*Although not shown 111 the diagram, small proportIons (3-7 “/,) of D-glucose and D-ghCOSyl fluonde 
were recovered from both of the digests of a-maltosyi fluonde by the sacchanfymg amylase of B 
srrbtdls var amylosaccharrtrcus 
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-ST ASPSTASP _ - _ _- 

Fig 2 Ascendmg chromatogram showmg the serve: 
1 Fig ofcrystalhne Aspergdhs or)zae alpha amylase/m 
with a partial hydrolyzate of short-charn amylose as 

i of ohgosacchandes 
IL on 30mhf a-maltos, 
standard (ST) 

produ ted by the actlon of 
yl flu01 .Ide (ASP), cornpal red 

tended to change as dlgestlon proceeded Maltohexaose, for example, was the mltlally 
dominant maltoohgosacchande m reactlons catalyzed by the three bacterlal hque- 
fymg amylases, later, maltopentaose was preponderant The most unusual change 
was the development of late-state prommence of higher maltoohgosaccharldes m the 
Asp oryzae digest. 

Fig 2 shows the chromatogram of a late-stage digest of 30mM a-maltosyl 
fluorrde by I pg of the mold enzyme/ml, compared with partly hydrolyzed amylose 
as the standard Wxth the bgh-resolution solvent-system” used, the enzymlcally 

produced ohgosacchandes may be monitored to approximately d p 12 Tbls demon- 
stratlon of the ablhty of the Asp oryzae alpha amylase to catalyze glycosylatlon 
reactlons in which water IS kept out of a succession of steps IS completely out of 
keeping with the tradItIona view of alpha amylase actlon as being essentially entuely 
hydrolytic The progressive accumulation of hgher ohgosaccharldes In the late stage 
would mdlcate that the enzyme catalyzes the formatlon of such ohgosaccharldes 
faster than It catalyzes their degradation 
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As already noted (Table II), the mold enzyme was found to catalyze the 
“overall utlhzatton” of 30mM a-maltosyl fluoride at the rate of - 1550 ~mol/mm/mg, 
an extremely high value relative to the stated activrty of this crystalline amyIase for 
hydrolysis of starch (120 pmol of maltose/mm/mg) Measurements of the rate of 
hydrolysis of 1% soluble starch (at pH 5 6 and 37”) for the partxcular preparation 
used m the present study gave a somewhat lower value, 88 lrmol of maltose formed/ 
mm/mg Further mformation on the relative actlvrty of the two substrates was 

obtained by determmmg the mmal rates of fluortde ion release from a-maltosyl 

fluoride as catalyzed by the enzyme A series of buffered (pH 5 6) digests contammg 
12-180mM substrate and 0 2 /ig Asp oryrae amylase/ml was incubated for 20 mm 
at 30°, and then assayed for free fluorrde by the use of a specrfic probe for fluoride Ion 

Less than 15% of the C-F glycosyhc bonds of the substrate were broken under the 
digest conditions, allowing mitral reactton rates (u = Lcmol of fluoride amon released/ 
mm/mg of protein) to be determined for the different concentrations (S) of substrate 
The results provrded a lmear curve for the relationship l/u versus l/S Calculations 

by a least-squares methodI gave K,,, = 34mM a-maltosyl fluoride, and V,,,,, = 
1560 pmol of fluoride released/mm/mg Of particular interest was the experimental 
finding that the rate of cleavage of the C-F glycosyhc bond of 30mhr a-maltosyl 

fluortde was 790 pmol/mm/mg (730 ~mol/mm/mg if calcuIated on the basis of the 

kmetic constants) The speed of usage of 30mM a-maltosyl fluoride as a donor sub- 
strate was, thus, about one-half that found for its “overall utilrzation” under identical 
reaction-condmons (that is, - 1550 /cmol/mm/mg, Table II) The dtfference (-760 
/lmol/min/mg) provides a rough measure of the nutial rate at which 30mhr a-maltosyl 
fluonde was used as a glycosyl acceptor by the Asp oryxe amylase This high rate 
of use as an acceptor IS m accord with the findmg that brief mcubatton of a-maltosyl 
fluoride with a low concentratton of the enzyme afforded a sufficient amount of 
transfer product X for structural exammation 

In the case of pancreattc amylase, whose starch-hydrolyzing capacity IS known 

to depend on the presence of chloride’ 7*20, a comparison was made of the utthzation 
rates of a-maltosyl fluoride m paired reaction-mixtures differing only m then chloride 
content Catalysis of C-F bond-cleavage by the enzyme was found to proceed 
approximately twice as fast in digests contanun g 1OmM sodium chloride as in digests 

having less than 0 3mM salt, thus providing further evidence that the catalyst IS. m 
fact, the alpha amylase Itself 

We envisage that the maJor, nntial interactron between alpha amylases and U- 
maltosyl fluoride IS one m which two molecules of substrate are bound to the enzyme 
IS such a way that the C-F glycosyhc bond of one, and the C-4 hydroxyl group of the 
other, are posttioned in the region of the enzyme’s catalytically active groups Pre- 
sumably, the properly positroned Chydroxyl group would compete effectively with 
water as the glycosyl acceptor, so that glycosyl transfer would occur Interaction 
providmg hydrolysis of a-maltosyl fluoride to maltose would occur to a lesser extent 

We further envrsage that successtve glycosyl transfer reactions would occur in which 
newly formed maltotetraosyl fluoride, maltohexaosyi fluoride, and so on, would 
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serve as co-substrates unth cc-maltosyl fluorrde (and perhaps with each other), pair- 
bmdmg to enzyme m the orlentatlons already noted Maltose, too, may participate 
as an acceptor m such reactrons At some point in the cham-elongation process, 
newly formed molecules would reach sufficient length (varymg with the type of 
amyIase) to bind more effectiveIy m another mode namely. with the D-gIucose 
restdues of one molecule occupymg both donor and acceptor sites of the enzyme, 
and with a (l-4)-a-D-glucosldic linkage positioned in the region of the catalytic 
groups Hydrolysis would then be expected to produce an even- or uneven-numbered 
maltoohgosacchande fragment, or maltose 

W&h bacterial amylases of the hquefymg type, where maltohexaose was found 
to be the dominant maltoohgosaccharide m the first stages of reaction, the polymer- 
ization of a-maltosy1 ff uoride must have involved several successive glycosyl-transfer 
steps It would seem likely that maltooctaosyl fluoride or a htgher homolog would 
have been produced before appreciabIe bmdmg could occur m the mode Ieadmg 
to hydrolysis and maltohexaose formation Maltoohgosaccharide chains comprismg 
fewer than seven D-gIucosyI residues have been found to be reIativeIy insusceptible 
to hydroIysis by bacterial, hquefymg amylases2’ 22 

In sum, the results obtamed with a-maltosyl fluoride extend those reported 
earlier1 with a-D-glucopyranosyl fIuonde They cIearIy . demonstrate that alpha 
amyIases are abIe to catalyze gIycosylation reactions I~I preferezzce to Iz~drot~~zs 
when acting on substrates that bind to enzyme primarily m a paired fashion as donor 
and acceptor Yet, with such substrates as starch or glycogen, which mainly bind 
with a single cham positioned across the catalytic center, the same enzymes catalyze 
hydrolysis* As either type of reaction may be dommantly expressed, it is evident 
that the usual description of alpha amylases as hydrolases” (implymg the ability 
to catalyze overwhelming hydrolysis of all substrates), is inadequate The adoption 
of a broader view of alpha amylases, for instance as glycosylases or catalysts of 
gIycosyl-proton interchange’ 2, is necessary in order to account for then- demon- 
strated capablhttes Present findmgs illustrate, finally, how the study of productive 
glycosylation reactions that occur without gIycosrdrc-bond cIeavage may be used 
to gain fresh mstght into the catalytic capacrties of carbohydrases, even when these 
have supposedly been well defined on the basis of extensive studies made with 
glycosidicahy hnked substrates 

EXPERIMENTAL 

Reactzorz conzponerzts - a-Maltosyl fluoride was prepared from analytically 
pure, crystaihne hepta-U-acetyl-!x-maltosyl fluortde by deacetylation, and purified 
on columns of silica gel 60, as recently described5 The compound produced a smgle 

*A sizable proportlon of nonhydrolytlc reactIons has been found to occur, however, when glycogen 
is acted upon by B amylolrquefactens and hog-pancreas alpha amylases m the presence of a smtable 
acceptor (for exampIe, p-rutropheny1 ~-D-glucopyranoslde)~3 
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spot on chromatograms, and mtgrated at RGIe 1 15 m the solvent systems used 
Solutions were made m cold, acetate buffers (pH 5 6) of appropriate romc strength 
rmmedrately pnor to use 

Alpha amylase preparattons from SIX drfferent sources were exammed The 
twrce-crystalhzed enzyme from hog pancreas (Type I-A, Sigma Chemtcal Co ) was a 
suspension in half-saturated sodmm chlonde and 3mM calcmm chloride, stock 
solutrons of 1 mg/mL were prepared by centrrfugmg known volumes of the suspension 
at SOOOg for 15 mm and drssolvmg the sedrment m cold, drstrlled water The other 
alpha amylases were dry sobds that were dtssolved m Ice-cold, drsttlled water to gave 
srmrlar stock-solutrons Lrquefymg alpha amylase from Bactlh strbttits var a&o- 

Ztqtrefaczem (Fukumoto) was a twrce-recrystalhzed product from Serkagaku Kogyo 
Co , Tokyo, Japan, found to be homogeneous on ultracentrrfugatron23 Tbe tempera- 
ture resistant, hquefymg alpha amylase from B strbtzhs was a twrce crystalbzed 
preparatron (Dalwa Kasel Co , Ltd , Osaka, Japan) specified as bemg homogeneous 
on gel filtration Crystalhne, hquefymg alpha amylase from B strbttlzs var biotecJttr.s 

itagase was kindly fumtshed by Dr. T Komakt of Nagase and Co, Ltd , Osaka, 
Japan Twice-crystalhzed, sacchanfymg alpha amylase from B strbtzlzs var mmZo- 

saccJzartttctz.s (Fukumoto) was the product of Serkagaku Kogyo Co Three-trmes 
crystalhzed alpha amylase from Aspergtlhts oryzae (Sankyo Co, Ltd , Tokyo, Japan) 
was specrfied as bemg homogeneous by electrophorettc and ultracentrrfugal analysts, 
and as havmg bydrolyttc activity for soluble starch (at pH 5 5 and 37”) of 120 jrmol 
reducmg sugar released (as maltose)/mm/mg 

Pattems of aczzort of dtflerertt alpha antjiases ozt 5 6 artd 301~~ %-r?taJtosJ J 

fltforzde - Incubated mrxtures contammg x-maltosyl fiuorrde and alpha amylase 
as well as concurrently Incubated, contro1 mtxtures of substrate and buffer, were 
appbed as 20-cm bands on Wbatman No 1 paper A standard of partly hydrolyzed 
amylose (see later), provrdmg a umform serves of linear maltoohgosacchandes, was 
spotted 1 cm from the ends of each band Digests of 5 6mbr u-maltosyl fluoride were 
chromatographed by usmg a single ascent m 6 4 3 I-butanol-pyndme-water Early- 
and late-stage dtgests of 30mhr substrate were subjected to two 22-h ascents tn the 
same solvent system to provtde wade separatton of the lower maltoobgosaccharrdes 
Carbohydrate components of each mixture were located by stammg strips cut from 
the ends of bands, mcludmg the maltoobgosacchartde standards A srlver mtrate 
dipping-methodz4 was used, wrth the strrps bemg hung m an for 10 mm followmg 
applicatton of the sodmm hydroxide reagent, to allow detectton of nonreducmg 
compounds The mdtvidua1 components were quantrtatrvely eluted from sectrons 
of the 18-cm center panel by use of I 1 methanoI-water Dupbcate abquots of the 
centnfuged eluates were dned under vacuum at 55” m a Rotary Evapo MIX (Buchler 
Instruments Co ) and analyzed for total D-ghCOSe content The phenol-sulfunc actd 
method” was used, with prectse ttmmg of steps and wrth concurrent measurements 
made m duphcate on each of a serves of e&t D-glucose standards Correctton was 
made for traces of carbohydrate eluted from correspondmg sectrons of control 
chromatograms 
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For demonstrating the range of ohgosacchandes finally produced from CL- 
maltosyl fluoride by the actron of crystalline, A. oryzae alpha amylase, a mtxture of 
3Omhf substrate and 1 pg enzyme/ml m 0 05hi acetate buffer (pH 5 6) was Incubated 
for 1 h at 30” Chromatograms of 15-~2, samples were developed m 35 -39 -26 l- 
butanol-pyndme-water” (two 22-h ascents), and stamed wtth sliver nitratez4 
Chromatographed concurrently, as a standard, was a partral hydrolyzate of short- 
cham amylose. This was prepared by mcubatmg 4 mL of a 5% sohttton of d p 19 
amylose (EX-1, Hayashtbara Laboratones, Okayama, Japan) wtth 2 jcg/mL of 
B srtbtrlrs hquefymg alpha amylase at pH 5 6 for 15 mm at 30”, after heat macttva- 
tton, D-glucose was added to a concentration of 0 25 mg/mL 

Flrrmde determnatzon - Measurements of free fluoride (m the presence or 
absence of maltosyl fluoride) were made with the atd of a spectfic fluoride-ion probe 
(Orion specific ion meter, Model 407A, and combmatton fluoride electrode, Model 
96-09) Test sampIes and sodmm fluoride standards were diluted wtth an equal 
volume of a solutron comprtsmg hi sodtum acetate buffer (pH 5 2), M sodmm chloride, 
and 0 4% 1,4-cyclohexanebis(duutrrlotetraacettc actd) monohydrate, and then poured 
mto 5-mL polyethylene beakers Meter readings were recorded 45 set after immersion 
of the electrode m the solutton under test 

ldentlficatrotl of product X - Duphcate mtxtures (0 40 mL) of 30mht rl- 
maltosyl fluonde and 0 125 ifg Asp or~zae alpha amylase/mL m 0 02hf acetate 
buffer (pH 5 6) were Incubated for 20 mm at 30” Each was chromatographed as 
a N-cm band m 6 4 3 I-butanol-pyrtdme-water (three 22-h ascents) Product X, 
located wtth the atd of stained guide-strips, was eluted with methanol, dried samples 
were obtamed from 50- and lo-ml_ porttons of eluate by removmg solvent m a vacuum 
evaporator The larger sample was hydrolyzed m 6 mL of 0 OIhr sulfuric acid for 
10 mm at lOO”_ Analyses showed that the hydrolyzate contamed 0 186 Ltmol fluoride 
anion/ml, and 0 877 pmol of total carbohydrate (as D-glucose)/mL”, that IS, 0 S5 
mol of fluortde for each 4 mol of D-glucose Product X, from 10 mL of eluate, was 
dissolved m 210 irL of water One 75-/1L portton was treated with 75 ,uL of 002~ 
sulfurrc acid (10 mm. IOO”), another was mcubated wtth 75 FL of d solutron con- 
tammg 30 umts of cr-glucostdase-free beta amylaseZ5 for 4 h at 30” Samples (15 pL) 
of the unhydrolyzed, acid-hydrolyzed, and enzy me-hydrolyzed product were chro- 
matographed, together with maltoolrgosaccharide standards, usmg two 22-h ascents 
m 6 4 3 I-butanol-pyrtdme-water On stauung wtth stIver mtrate, unhydrolyzed X 
gave a stngle, very slowly stammg spot 11 5 cm from the ortgm, mtdway between 
maltose (14 3 cm) and maltotrtose (9 3 cm) The actd hydrolyzate ytelded a smgle 
spot at 5 5 cm Identical m mtgratron with authenttc maltotetraose (5 5 cm) and 
faster than maltopentaose (3 6 cm) The hydrolyzate wtth beta amylase yielded a 
single spot at 14 3 cm, ldentlcal in mtgratlon with maltose Stmrlar results were 
obtained wtth product X recovered from early-stage dtgests of rr-maltosyl fluortde 
by alpha amylases from hog pancreas and from B mbth var anl~~o(rquefacreJrs. 

Iderrtrjicatlon of maltoolrgosacc~~andes - Ohgosaccharides recovered from 
dtgests of +maltosyl fluorrde by each amylase were tentatively rdentlfied by thetr 
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chromatographlc mob&y and stammg behavior versus maltoohgosaccharlde stand- 
ards In addltlon, a lOO-,uL sample of a late-stage digest prepared with each amylase 
was treated with 40 umts of a-D-giucosldase-free beta amylase25, and the mixture 
Incubated for 4 h at 30” In all cases, D-glucose and maltose were the only products 
detected by chromatography 

Inrtral rates of actron of Asp oryzae alpha amylase - A senes of mixtures, 
contammg 12-180mM a-maltosyl fluoride and 0 2 /lg of Asp ory”ae alpha amylase/mL 
(In 0 05hi acetate buffer, pH 5 6) was Incubated for 20 mm at 30”, and then analyzed 
for free fluoride content Imtlai rates of 408,490,542,790,949, and 1362 ~mol/mm/mg 
of protem were found for 12, 15, 20, 30, 60, and 180mhi substrate, respectively 

Mixtures contammg 1% of soluble potato starch of dextrose equivalent 0 5 
(Mailmckrodt), and 0 25, 0 50, or 1 jfg of Asp 01 yzae alpha amyIase/mL m 0 05~ 
acetate buffer (pH 5 6), were Incubated for 10 mm at 37” Analyses of reducmg- 
sugar content (as maltose) were made by the Nelson-Somogyl procedure’ 6 ’ 7 stand- 
ardlzed with solutions of maltose monohydrate An mltlal velocity of 88 ilmol/ 
mm/mg of protein was found In each case 

Eflect of chlormde on the actron of panoeatw anz_dase on u-,?mltos~lflrtorrne. - 
Jrutlal rates of cleavage of the C-F bond of a-maltosyl fluoride were determmed on 
paired mixtures contamrng 30mhr substrate, 10 /co 0 of hog pancreatic amylase/mL, 
and 0 05hl acetate buffer (pH 5 6), but dlffermg m chloride content After mcubatlon 
for 20 mm at 30”, the mixtures were analyzed for concentration of free fluoride 
Specific mmal rates of 10 7 and 22 7 icmol of fluoride released/mm/mg of protein 
were found for mixtures contaming less than 0 3mhl and IOmu 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, mcludmg 
chromatographic mobility, in accord with those reported herein for compound X 
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