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Note 

Re-examination of the action of sweet-potato beta-amyiase on phosphoryl- 

ated (1-d)-x-D-gfucanv 
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(RecelLed October 29th 1979 accepted for pubhcatlon m re\lsed form June 26th 19SO) 

In a prewous piper’. It was reported that beta-amylase [(l-+4)-Y-D-glucan 

maltoh>drolase_ EC 3 2 1 21 hydrolyses -1 linear phosphodextrm (d 6 25) until a 

o-glucosyl or maltosyl residue rem21n5 LLttached to the 6-phosphoryl-D-glucosyl 
iesldue Ho\ve\er. dunng a study of the locatlon of the phosphate goups of potato 

arnylopectln’ It was notIced that It\ 6-phosphoryl-D-glucosyl residues appeared to 
be exposed at the non-reducm= 0 ends tollowng treatment ~11th a large excess of 
the enzyme Therefore we habe re-m\estrgated the actkon of beta-amylase on Imear_ 
phosphorylared (i -+4)-y-D-glucans focussIn, n on the molecular size of the substrate 
and the enzyme concentrxlon 

The potato amylopectm used In thl> study cont‘uned one phosphate group 
per 317 D-gluco~yl residues 69 4”; of the phosphate WAS located3 ’ at C-6 and the re- 

80 

FIN 1 HydroI)sIs of phosphorylated (I+?)-r-o&cans \\Ith t\\o concentrations of beta-amylase 
phobphorqlated umt-chams (PUC) (- ) and alpha-phosphodextrm (Y-PD) ( > nere hydro- 
Iysed at pH 4 S with ION (2 5 umts/mg of substrate) (0) and h1Sh (125 umts/mg of substrate) (0) 
actl\ltles of beta-amblase at 37” The degree of beta-amylolybls 1s expressed as the percentage 
comersron of the glucans tnto maltose 

*Studies on Starch Phosphate, Part 5 For Part 3 see ref 1 

0008-6215:81/OOOO4OO O/S 02 50, @ 1981 - ElsetIer ScIentd% Pubhshmg Compaq 
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rnalnder at C-3 The phosphorylated umt-cham of the amylopectm (PVC, dD 42 4) 

was prepared by debranchlng the amylopectm wth Pwrrclot~~o~~rr~ ~soamqlase’, an d 

alpha-phosphodeutrm (Y-I’D, d 5 03) wds prepared by the method descrlbcd pre- 

v~ously’ PUC and x-PD were hydrolysed with the low (2 5 unlts/mg of substrate) 

and high (125 umts/mg of substrate) actwtIes of beta-amllace and the exposed 

6-phosphoryk-glucosyl restdues at the non-rcduclns ends were determmed bq 

assaymg glycerol before and after phosphat‘tse treatment of the Smith-degr‘ldatton 

products of the hydrolysates Both PUC and Y-I’D had one phosphate group per 

mole, and \xere hydrolysed to the respectlrc I~mlts III 1 h wth the two concentrations 

of the cnzl mc, although the llmlts dlffercd sl&tly wth the enzyme actlwty, as shown 

In FIN I 

The anclIytlcal dcltcl for PUC and Its beta-amyIasc-degrclded products ,lre g\cn 

In Table I [I-PUC and /IL-PUC the degr‘ldcd products of PUC wth the low and h~$ 

acttwtles of beta-amylase had dp 19 5 and IS 2 respectively, wggestlng that the 

phosphate IS located randomly on the PUC SlllIth degrxlation of PUC ylelded one 

mole of glycerol per mole and no ,Iddmoncll _elycerol from the non-redwIng end after 

treatmg the Smith-degradation products wth alkahne pho\phatase, mdxatlng that 

the PUC 1s a lmear molecule md that no phosphate IS located at C-6 of the non- 
leducmg end Whereas Smith degradation of /i-PUC .md /IL-PUC gr~vc cons~der.~bly 

lo\xer amounts of glycerol, 0 S7 and 0 70 mole/mole respcctlvely the .dMme phos- 

phatase treatment of theIt- Smith-degladatlon products resulted 111 the complete 

recovery ot glycelol PL-PUC wd\ not further hydrolyscd wth 500 umts of beta- 

amylase per mg of hubstraw whcleas /I-PUC produced d small proportion of maltose 

susgestrng that the maltosyl stub Ilnhcd to the phosphoryl residue at the non-rcduclng 

side IS hydrolysed wth d~fliculty A s1m11al sltwtlon has been reported by Let” for 

the dqrad,ltlon of glycogen and ctmylopectln wth beta-amylnsc, that IS, the un- 

branched side-chains are shortened to three or four D-glUCOSy\ rcslducs and then the 

latter ‘ire degraded slowly to two D-glucosyl reslducs These results IndIcntc th,tt 

beta-amylase IS capdbk of hydlolysmg (l-+4)- 9 D-glucosidlc - lmhagcs <it the non- 

reducmg hades of the 6-phosphoryl-D-glucobyl restdues (lInkage-K, Fg 3) wth 

varylng difficulty However, these results ale rnconststent wth thdt of a prewow 

report’. whrch concluded that the enzyme could not hydrolyse Itnhage-A 

e_-_-_-+gJ&______Q 
b 
---e--m &_____-qj t 
Fg 1 The actton of beta-amylax on irne~m phosphorylmxl ( I--+)-T-D-giucnn~ h I\IIIS an ebcn 
number (a) and an odd numbsr (b) of D-&iUcoS>l rcs~dues on the non-rcducmg-side chwn Q I>- 
gluco~~t reslduc, 0, reducmg-end D-g~~cox, -, a-( I-4) bond, P-G, the phoqhntc goup att Ichat 
to C-6 of the D-glucosy1 residue, 7, pomt 01 clea\sge by btt--anylaw 
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TABLE I 

PROPERTIES OF THE PHOSPHORYLATED UhIT-CHAIN (Put, AbD ITS DEGRADED PRODUCTS @-Put AXD 

/?L-Puc) WITH BETA-1MYLASE 

PUC P-PI/C jl3L-PUC 

(nrole/mole) 

Carbohydrate (as Glc)_ dp 
Glycerol, produced bl Smith degradation 

Before phosphatase treatment 
After phosphatase treatment 

Maltose formed by beta-amylase treatment” 

42 4 19 5 18 2 

100 0 87 0 70 (0 62)” 
I 01 104 1 01 (0 98)” 

114 0 14 00 

dL-PUC was prepared by usmg beta-amylase purified- on DEAE-Sephadex A-50 *PUC, @-PUC, 
and PL-PUC \kere Incubated wth 500 umts of beta-amylase per mg of substrate for 2 h-at 37” 

TABLE II 

PROPERTIES OF ALPHA-PHOSPHODEkTRI 

\QITH BETA-AtNLASE 

(z-PD) AND ITS DEGRADED PRODUCTS (/?-PD AVD /?L-PD) 

rr-PD $-PD flL-PD 
(nrolefnrole) 

Carbohydrate (as Glc), dp 
GI)cerol, produced b> Smith degradation 

Before phosphatase treatment 
After phosphatase treatment 

5 03 449 443 

I Of 0 99 0 92 (0 92)R 
1 01 0 99 1 00 (1 02)” 

czbL-PD \\as prepared by usmg beta-amllase purified- on DEAE-Sephadeu A-SO 

To determme the reason for these contradictory results, the above exammatlon 

was performed on g-PD, and the results are presented m Table II The V-PD wa5 
prepared’ by hydrolysmg potato starch with hquefymg alpha-amylase of B slrbtllis, 

but the X-PD was a somewhat smaller molecule than the previous preparation The 

reason IS not clear The z-PD and its degraded product (jl-PD) with the low actlvlty 
of beta-amylase had no 6-phosphoryl-D-glucose at their non-reducmg ends as reported 
earher’ However, a small but defimte amount of 6-phosphoryl-D-glucose (0 05 mole 
per mole of FL-PD) was found at the non-reducmg end of the CC-PD hydrolysed with 
the tllgh actwty of the enzyme (PL-PD), and thrs was mlssed prevrously’ Thus, m 

this case also, a large excess of the enzyme hydrolysed linkage-A 

The posslbAty that the hydrolysis of hnkage-?i may be effected by a trace 

of %-D-glucosIdase m the preparation of beta-amylase was exammed by usmg the 

enzyme further purified by DEAE-Sephadex chromatography, as described by 
Marshall er al ‘_ The results were negative, as mdlcated m Tables I and II 

Thus, It IS concluded that beta-amylase 1s capable of hydrolysmg amylose 
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phosphorylated at C-6 of the D-$Ucosq~ rssldue from the non-reducing end and that 

one or no D-glucosyl residues remain attached to the 6-phosphoryl-D-glucose as 

tllustrated in Fig 2 This behaviovr 1s m accord with the action of the enzyme orl 

branched olgosacchandes having a D-glucosq~ stub LLS reported by Kamuma and 

French’ 

ElPFRIXIEhTXL 

Ptepatcrr~ot~ of plroyd~or~ inred runt-~hrcuu (PDC) - A sohmon of potato 

amylopectm (920 mg 111 92 ml of Smxr acewe buffer pH 3 5) was Incubated wtth 

IS units of Pwudott~onctr isoamylase5 for Z 5 h at 50” The dp of the digest reached 

23 3 \\~thin l h and there was no further decrease during the prolonged mcubation 

The rextion was terminated b> heating and the digest wa5 diluted tmmedlately to 

920 ml with water to pre\ent precipltatlon The solution was applied to DEAE- 

Sephndex A-50 (Cl- form - 100 ml) and neutral dextrln was removed by elutlon 
\\Ith \\atcr PUC \\a~ eluted \\ith 0 211 NaCl m 0 01x1 HCI and precipitated wth 

ethanol (final cone 75”,,) The prcclpitate was collected by centnfugatlon, and 

dissolved in \\ater and the solutton \\ds kept m a freezer unttl use The yteld of PUC 

was 90 mg and the recover> ot phosphorus was go”,, 

P~qmc~tto,~ of /I-PI/C md~L.-PLIC - PUC (30 ms) III 3 ml of 25mhI acetate 

buffer (pH 3 S) \\as incubated wth 75 umts (low) and 3750 units (high) of beta- 
dnil ldse respectI\ ely at 37’ for 4 h No further reducing-sugar was produced after 
lncubatlon for 1 II In elther of the digests (Fq 1) The degraded PUCs were Isolated 

by the same procedure as for the preparatton of PUC The yteld of phosphorus tn the 

degradatton was - 60”:, m both cases 

Pteppatatrwt of j?-PD and PL-PD - Y-PD \\ds obtained by the methods de- 

scribed prs\ IOUSIJ ’ and desalted by gel tiltratIon wth BIO-Gel P-2 fl-PD and /IL-PD 
were obtained by degradation of Y-PD with the low and htgh activmes of beta- 

amylase respectively, as descrlbed above No further decrease in d p of either of the 

dlgcsts \\as observed after i-h lncubatton The resulting P-PD and [;L-PD were 

Isolated by DEAE-Sephadex chromatography as described above, and freed from 

salts by gel tiltratton wlh Blo-Gel P-2 instead of alcohol precipttation The recoveries 
of phosphorus In &PD and /IL-PD \xere 96 and 92?< respectively 

rt rscrl s - Reducing sugar and total carbohydrate were determmed by the 
method> described prevlously3 Orsamc phosphate \\as measured as Inorgdnx 
phosphate by the method of Itapa cc a/ ’ after treatment with hot perchlorx acid 

The non-reductng end of phosphodexrrms wds determtned by raptd Smith- 

de_gradatlon”_ \\ith mmor modlficattons The acid hydrolysis mvolved III Smith 

degradation was performed ~\lth 0 5~ HISO, for 1 h, Instead of 0 2hf HISO, for 20 

tntn_ for the phosphorylated glucans whtch were reststant to actd hydrolysis Glycerol 

phosphates m the Smith-degradatton products ikere determtned as glycerol after 

treatment \\ith alhdhne phosphatase (0 25 umt/ml) for 6 h at 37’ 

AfaterralJ - Pmrtlotnottrts isoamylase was d gift from Professor T Harada 
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(Osaha Umvers~ty) Crystalhne, sweet-potato beta-amylase wets pIepaled by the 
method described prewously” and recrystalhsed from (NH,)2S0, solution The 

actlwty was assayed” at 37” III the presence of Trlton X-100, and rl unit of actlwty 
was defined as the hberatlon of I /cmol of maltose per mln y-o-Gluco>Idase actlwty 
In this preparatron \\as hard11 detectable by th e method of Marslwll it (I/ ’ the 
actwty ratlo of x-D-glucosidase to beta-amyla5e was < I 5 x IO-’ Pot&o amylo- 

pectm was prepared by the method of Schoch13, but In an nmosphclc of N2 Crystal- 
hne, B Jrrbrrlrs alpha-amylase (hquefym g type), the specific xtwIty of wh[ch \\‘I\ 

563 itmol of reducmg sugar (equwalent to glucose)/mm/mg (30”_ pH 5 S)_ na\ 

obtaIned from Dawa Kase~ Co Glycerol kmase glycerol 3-phosphate dehydrogcndse 
and alkahne phosphatase (E co/r) were purchased from Boehrlngcr 

ACKNOWLEDGMENTS 

We thanh Professor T Harada for the gift of crystallInc Pw~cdonza~rtr~ ISO- 

amylase, and Darwa Kaset Co for that of crystallIne B wbrrlrs alpha-,unylasc 

REFERENCES 

I S TABATA S HIZUhURl XXD K NAGATA Cuz/~o/r~r/~ Rcc 67 (1975) 189-195 
2 Y TAhED-\ AhD s HIZUhURl Abut Atrrrlr ~\ltcr A~IIL Chetrl Sue Jj)tr (1979) 312 
3 S HIZUhURI s TAUATA A\D z N~huhr Sfurrtk 22 (1970) 335-342 
4 S TARATA A&D S HIzuhuKI, StmtXc 23 (1971) X7-27? 
5 K KATO Y KONISHI A AUENJR~ A\D T H+R WA &I I( b’rol Clrcnr 41 ( 1977) 2077-70bO 
6 E Y C LEL, AC-II Bloc Jrcnz Bzoph \ 146 ( 1971) 4!3S-J92 
7 J J MARSHALL GXD W J WHELAN Amf B~otlrcm 52 ( 1973) 611~(i16 
S K KAI~U\I\ AXD D FRENCH FEBS Lctf , 6 11970) 151-186 
9 K ITAYA AhD M UI, C/m Clrrnz Acur, 14 (1966) 361-3(6 

10 S I-iIZUhURl A>V S OSAhl, Cnzboh~d Rc\ 63 (1978) 161-16-l 
I I Y -,-\hEDA AhV S HIZUhURI, Brochrm Bzoplzr\ Acrrz IS5 (1969) 469471 

12 k’ TAhEDA AhD s HIZUhURI, BrocIm~ B~oplzl\ Atro, 26s (1972) 175-183 
13 S Lmshy hl Koor, A&D T J SCHOCH J Auz Chcrtz Sot 71 (1949) 4066--1075 


