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$Q�α�DP\ODVH��(&����������ZDV�SXULILHG�WKDW�FDWDO\VHV�WKH

SURGXFWLRQ�RI�D�KLJK�OHYHO�RI�PDOWRVH�IURP�VWDUFK�ZLWKRXW

WKH� DWWHQGDQW� SURGXFWLRQ� RI� JOXFRVH�� 7KH� HQ]\PH� ZDV

SURGXFHG�H[WUDFHOOXODUO\�E\�WKHUPRSKLOLF�6WUHSWRP\FHV�VS�

WKDW� ZDV� LVRODWHG� IURP� 7KDLODQG¶V� VRLO�� 3XULILFDWLRQ� ZDV

DFKLHYHG� E\� DOFRKRO� SUHFLSLWDWLRQ�� '($(�&HOOXORVH�� DQG

*HO� ILOWUDWLRQ� FKURPDWRJUDSKLHV�� 7KH� SXULILHG� HQ]\PH

H[KLELWHG�PD[LPXP�DFWLYLW\�DW�S+�����DQG���o&��,W�KDG�D

UHODWLYH�PROHFXODU�PDVV�RI����N'D��DV�GHWHUPLQHG�E\�6'6�

3$*(�� 7KH� K\GURO\VLV� SURGXFWV� IURP� VWDUFK� KDG� α�
DQRPHULF�IRUPV��DV�GHWHUPLQHG�E\��+�105��7KLV�PDOWRVH�

IRUPLQJ� α�DP\ODVH� FRPSOHWHO\� K\GURO\]HG� WKH� VROXEOH

VWDUFK�WR�SURGXFH�D�KLJK�OHYHO�RI�PDOWRVH��UHSUHVHQWLQJ�XS

WR� ����� ,W� K\GURO\]HG� PDOWRWHWURVH� DQG� PDOWRWULRVH� WR

SULPDULO\� SURGXFH�PDOWRVH� �����DQG� ����� UHVSHFWLYHO\�

ZLWKRXW� WKH� DWWHQGDQW� SURGXFWLRQ� RI� JOXFRVH�� 7KH� KLJK

PDOWRVH� OHYHO� DV� D� ILQDO� HQG�SURGXFW� IURP� VWDUFK� DQG

PDOWRROLJRVDFFKDULGHV�� DQG� WKH� XQLTXH� DFWLRQ� SDWWHUQ� RI

WKLV�HQ]\PH��LQGLFDWH�DQ�XQXVXDO�PDOWRVH�IRUPLQJ�V\VWHP�

$IWHU� WKH� DGGLWLRQ� RI� WKH� HQ]\PH� LQ� WKH� EUHDG�EDNLQJ

SURFHVV��WKH�EUHDG¶V�YROXPH�LQFUHDVHG�DQG�NHSW�LWV�VRIWQHVV

ORQJHU�WKDQ�ZKHQ�WKH�EUHDG�KDG�QR�HQ]\PH�

.H\ZRUGV�� $FWLRQ� SDWWHUQ��α�$P\ODVH�� %DNHU\��0DOWRJHQLF

PHFKDQLVP

Introduction

There is considerable commercial interest for Alpha amylases
that are capable of catalyzing the production of high yields of

specific maltooligosaccharides on the degradation of starch
(Collins et al., 1993). Maltose is one of these useful
maltooligosaccharides. It is desired for its wide industrial
application in the food, pharmaceutical, biomedical, and fine-
chemicals industries (Fogarty et al., 1983).
0DOWRVH�IRUPLQJ�α�DP\ODVHV�KDYH�EHHQ�LVRODWHG�IURP�ERWK

EDFWHULDO�DQG�IXQJDO�VRXUFHV��&ROOLQV�HW�DO����������0DOWRVH�LV

SURGXFHG� E\� α�DP\ODVHV� RI� WKHUPRSKLOLF� DFWLQRP\FHWHV�
LQFOXGLQJ� 6WUHSWRP\FHV� WKHUPRYLRODFHXV� �*ROGEHUJ� DQG

(GZDUGV�� ������� 7KHUPRDFWLQRP\FHV� VS�� QR���� �2EL� DQG

2GLER���������DQG�7KHUPRPRQRVSRUD�FXUYDWD��&ROOLQV�HW�DO��

������� +RZHYHU�� VWDUFK� GHJUDGDWLRQ� E\� DOPRVW� DOO

WKHUPRVWDEOH� DP\ODVHV� LQYROYHV� WKH� V\QFKURQRXV� SURGXFWLRQ

RI�DSSUHFLDEOH�OHYHOV�RI�JOXFRVH��'R\OH�HW�DO���������

7KH�α�DP\ODVH�WKDW�LV�SUHVHQWHG�LQ�WKLV�SDSHU�ZDV�VHFUHWHG�E\
6WUHSWRPFHV�VS���KRZHYHU��LW�FRXOG�EH�FRQVLGHUHG�DQ�LQWHUHVWLQJ

HQ]\PH�LQ�UHJDUG�WR�LWV�KLJK�OHYHO�RI�PDOWRVH�WKDW�LV�SURGXFHG�

DQG� WKH� VSHFLDO� DFWLRQ� SDWWHUQ� WKDW� LV� GLIIHUHQW� IURP� RWKHU�α�
DP\ODVHV��7KH�SURGXFWLRQ�RI�D�YHU\�VPDOO�\LHOG�RI�JOXFRVH�LQ�WKH

ILQDO� HQG�SURGXFW� PD\� EH� H[SODLQHG� E\� WKH� SDUWLFLSDWLRQ� RI

UHDFWLRQV�RWKHU�WKDQ�VLPSOH�K\GURO\VLV��7KLV�HQ]\PH�SUHVHQWHG

SURPLVLQJ�UHVXOWV�IRU�XVH�LQ�WKH�EUHDG�EDNLQJ�SURFHVV�

Materials and Methods

Materials Soluble starch and maltooligosaccharides that were
used as substrates in this work were purchased from Kishida
Chemical Co., Ltd. (Osaka, Japan), Hayashibara Biochemical
Laboratories, Inc. (Okayama, Japan), and Wako Pure Chemical
Industries, Ltd. (Osaka, Japan).

Source of microorganism 9DULRXV� VRLO� VDPSOHV� ZHUH� FROOHFWHG

IURP�7KDLODQG�� DQG�GLIIHUHQW�PLFURRUJDQLVPV�ZHUH� VFUHHQHG� IURP

WKHVH� VDPSOHV� IRU� WKHLU� DP\ORO\WLF� DFWLYLWLHV��2QH� RI� WKHP��ZKLFK

ZDV� LGHQWLILHG�DV�6WUHSWRP\FHV� VS���ZDV� UHWDLQHG� DQG�XVHG� IRU� WKH

SURGXFWLRQ�RI�WKH�α�DP\ODVH�WKDW�LV�SUHVHQWHG�LQ�WKLV�SDSHU�

*To whom correspondence should be addressed.
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E-mail: youssef@sci.osaka-cu.ac.jp
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Screening medium 7KH�PHGLXP�WKDW�ZDV�XVHG�IRU�VFUHHQLQJ�RI

WKHUPRSKLOLF� EDFWHULD� WKDW� SURGXFHV�α�DP\ODVH� KDG� WKH� IROORZLQJ
FRPSRVLWLRQ� �J�O��� VROXEOH� VWDUFK�� ������ SRO\SHSWRQ�� �����.+�32��

�����0J62���+�2�������DQG�DJDU������7KH�LQLWLDO�S+�ZDV������$OO�RI

WKH�PHGLD�ZHUH�VWHULOL]HG�E\�DXWRFODYLQJ�DW����R&�IRU��� PLQ��7KH

VFUHHQLQJ�ZDV�SHUIRUPHG�DW���R&�IRU����K�

Enzyme production 7KH�PHGLXP�WKDW�ZDV�XVHG�IRU�WKH�HQ]\PH

SURGXFWLRQ�KDG�WKH�IROORZLQJ�FRPSRVLWLRQ��J�O���PHDW�H[WUDFW�������

SRO\SHSWRQ��������DOEXPLQ�������1D&O�������DQG�VROXEOH�VWDUFK�������

7KH� PHDW� H[WUDFW� DQG� SRO\SHSWRQ� ZHUH� GLVVROYHG� LQ� ��� PO� WDS

ZDWHU��WKHQ�WKH�S+�ZDV�DGMXVWHG�WR�����ZLWK�+&O��1H[W��DOEXPLQ�ZDV

DGGHG� DQG� WKH�PL[WXUH�ZDV� ERLOHG� IRU� �� PLQ�� 7KH�PHGLXP�ZDV

FRROHG�GRZQ��1D&O�ZDV�DGGHG��DQG�WKH�YROXPH�ZDV�DGMXVWHG�WR����

PO�� 6HSDUDWHO\�� WKH� VROXEOH� VWDUFK�ZDV� GLVVROYHG� LQ� ��� PO� RI� WDS

ZDWHU��WKHQ�PL[HG�ZLWK�RWKHU�FRPSRQHQWV��,QLWLDO�S+�ZDV������7KH

SUH�FXOWXUH� DQG�PDLQ� FXOWXUH�ZHUH� LQFXEDWHG� DW� ��R&�� DQG� VKDNHQ

RYHUQLJKW��7KH�FHOOV�ZHUH� UHPRYHG�E\�FHQWULIXJDWLRQ�DW����� USP

IRU� �� PLQ�� 7KH� UHVXOWLQJ� FHOO�IUHH� VXSHUQDWDQW� ZDV� XVHG� DV� WKH

VWDUWLQJ�PDWHULDO� IRU� WKH� HQ]\PH�SXULILFDWLRQ��7KH�α�DP\ODVH�ZDV
H[FUHWHG�LQWR�WKH�FXOWXUH�PHGLXP�

Enzyme purification  $OO�RI�WKH�RSHUDWLRQV�IRU�HQ]\PH�SXULILFDWLRQ
ZHUH�SHUIRUPHG�DW��R&��&HQWULIXJDWLRQ�ZDV�FRQGXFWHG�DW����� USP

IRU� �� PLQ��7KH� FUXGH� HQ]\PH� VROXWLRQ�ZDV� ILUVW� FRQFHQWUDWHG� E\

HWKDQRO�SUHFLSLWDWLRQ� ��× Y��� IROORZHG�E\�GLDO\VLV�DJDLQVW�GLVWLOOHG

ZDWHU�DW��R&�RYHUQLJKW��WKHQ�DSSOLHG�RQ�D�'($(�FHOOXORVH�FROXPQ

���� × �� FP�� WKDW� ZDV� SUH�HTXLOLEUDWHG� ZLWK� D� ���� 0� VRGLXP

DFHWDWH� EXIIHU� S+� ����� 7KH� DGVRUEHG� SURWHLQV� ZHUH� HOXWHG� LQ� VDOW

JUDGLHQW��ZLWK���� PO�RI���WR���0�1D&O���7KH�IUDFWLRQV�WKDW�VKRZHG

α�DP\ODVH� DFWLYLW\� ZHUH� SRROHG� DQG� GLDO\]HG� RYHUQLJKW� DJDLQVW
GLVWLOOHG� ZDWHU� DQG� O\RSKLOL]HG�� WKHQ� VXEMHFWHG� WR� D� JHO� ILOWUDWLRQ

FROXPQ�RI�%LR�*HO�3���������× �� FP���7KH�IUDFWLRQV�WKDW�VKRZHG

DFWLYLW\�ZHUH� FRPELQHG�� WKHQ� DSSOLHG� DJDLQ� WR� D�'($(�FHOOXORVH

FROXPQ� ���� × �� FP�� WKDW� KDG� EHHQ� HTXLOLEUDWHG� ZLWK� D� ���� 0

VRGLXP�DFHWDWH�EXIIHU� S+������7KH� HOXWLRQ�ZDV� SHUIRUPHG� LQ� WZR

VWHSV�� WKH� ILUVW� VWHS� XVHG� ��� PO� RI� �� WR� ��� 0� VRGLXP� FKORULGH

JUDGLHQW�� WKH� VHFRQG� VWHS� ZDV� FDUULHG� RXW� XVLQJ� ��� PO� RI� � 0

VRGLXP� FKORULGH� VROXWLRQ�� 7KH� IUDFWLRQV� WKDW� FRQWDLQHG� HQ]\PH

DFWLYLW\� ZHUH� FRPELQHG�� GLDO\]HG�� DQG� O\RSKLOL]HG�� 7ZR� RWKHU

VXFFHVVLYH�JHO�ILOWUDWLRQV�RQ�%LR�*HO�3�����ZHUH�ILQDOO\�DSSOLHG�LQ

RUGHU�WR�REWDLQ�WKH�SXUH�HQ]\PH�SUHSDUDWLRQ�

Electrophoresis and determination of Mr 7KH�KRPRJHQHLW\�RI

WKH�SXULILHG�α�DP\NDVH�ZDV�GHPRQVWUDWHG�XVLQJ�D�VRGLXP�GRGHF\O
VXOIDWH�SRO\DFU\ODPLGH� JHO� HOHFWURSKRUHVLV� �6'6�3$*(�� �:HEHU

DQG�2EVRUQ���������7KH�PROHFXODU�PDVV�RI�WKH�SXULILHG�HQ]\PH�ZDV

HVWLPDWHG�XVLQJ�ERWK�6'6�3$*(�DQG�JHO�ILOWUDWLRQ�RQ�D�FROXPQ�RI

%LR�*HO�$������ × �� FP���7KH�VWDQGDUG�SURWHLQV�WKDW�ZHUH�XVHG�IRU

WKH� 6'6�3$*(� ZHUH� D� SURWHLQ� PL[WXUH� IURP� D� 3KDUPDFLD� ORZ

PROHFXODU�ZHLJKW�FDOLEUDWLRQ�NLW��SKRVSKRU\ODVH�E���� N'D��ERYLQH

VHUXP� DOEXPLQ�� �� N'D�� RYDOEXPLQ�� �� N'D�� FDUERQLF� DQK\GUDVH�

�� N'D��WU\SVLQ�LQKLELWRU������ N'D��DQG�α�ODFWDOEXPLQ������ N'D��

Enzyme assay $OSKD�DP\ODVH�DFWLYLW\�ZDV�DVVD\HG�E\�LQFXEDWLQJ

��� PO�HQ]\PH�VROXWLRQ�ZLWK���� PO�RI�����Z�Y��VROXEOH�VWDUFK�LQ

%ULWWRQ�DQG�5RELQVRQtV�8QLYHUVDO�EXIIHU��&DPSEHOO���������S+�����

DW� ��R&� IRU� �� PLQ�� 7KH� UHDFWLRQ� ZDV� VWRSSHG�� DQG� WKH� UHGXFLQJ

VXJDUV� ZHUH� GHWHUPLQHG� E\� WKH� PHWKRG� RI� 6RPRJ\L�1HOVRQ

�6RPRJ\L��������2QH�XQLW�RI�α�DP\ODVH�ZDV�GHILQHG�DV�WKH�DPRXQW
RI� HQ]\PH� WKDW� SURGXFHG� �µPRO� RI� UHGXFLQJ� VXJDU� SHU� PLQXWH
XQGHU�VWDQGDUG�FRQGLWLRQV�

To determine Km values, 0.5 ml of the enzyme solution was
reacted with 0.5 ml of each substrate at different concentrations.
The activity was then measured. The Km values were calculated
directly from the curves that represented 1/v versus 1/S, where v is
the enzyme velocity and S is the substrate concentration.

Optimum pH and pH stability To determine the optimum pH of
the purified enzyme, 0.5 ml of 1% soluble starch that was dissolved
in Britton and Robinson’s Universal buffer, pH 3.0-9.0, and 0.5 ml
of the enzyme solution (0.27 U) were mixed. Enzyme activity was
assayed by incubating the mixture at 50oC for 10 min. For
measuring pH stability, a reaction mixture that contained 0.1 ml of
the enzyme solution (27 U) and 0.9 ml of Britton and Robinsonís
Universal buffer, pH 3.0-9.0, were kept at 4oC for 24 h. The
remaining activities were assayed at 50oC for 10 min after the
mixture was diluted with the same buffer pH 6.0.

Optimum temperature and thermal stability To determine the
optimum temperature of the purified enzyme, 0.5 ml of 1% soluble
starch that was dissolved in Britton and Robinson’s Universal
buffer, pH 6.0, and 0.5 ml of the enzyme solution (0.27 U) were
reacted together. The optimum temperature was measured at a
range from 30oC to 75oC for a 10-min reaction time. To determine
themostability, 1.0 ml of the enzyme solution (0.27 U) was kept at
various temperatures for 15 min, cooled down at room temperature,
then the remaining activity was assayed at 50oC for 10 min.

Protein measurement The protein concentration was measured
spectrophotometrically on a Hitachi spectrophotometer Model U-
1100 by assuming that the absorbance of 1% enzyme solution was
10.0.

High-performance liquid chromatography (HPLC) A sugar
analysis was done by HPLC using Shimpak SCR 101 N (0.79×
30 cm) in distilled water as the mobile phase at a flow rate of
1.0 ml/min at 60oC. The sugars were monitored with a Knaur
differential refractometer.

Thin layer chromatography (TLC) TLC was done using silica
gel (Kiesel Gel 60, Merck). It was developed at ambient
temperature for 4 h with the solvent system of 1-propanol-
ethylacetate-water (7 : 1 : 2). Spots were visualized by dipping in a
solution of ethanol-sulfuric acid (9 : 1), drying, and heating at
110oC for 10 min.

Nuclear magnetic resonance Identification of the anomeric
forms of the products that were released by the enzyme from
soluble starch was done by 1H-NMR with a Varian-UNITY plus
500 NMR spectrometer that operated at 500 MHz in D2O at
ambient temperature. Chemical shifts were measured with sodium-
4, 4-dimethyl-4-sila-pentane sulfonite (DSS) as the internal
standard.

Dough preparation 7KH�EUHDG�GRXJK�UHFLSH�LQFOXGHG����� J�RI
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ZKHDW�IORZHU����� J�RI�VXJDU���� J�RI�VDOW���� J�RI�VKRUWHQLQJ���� J

RI�FRPSUHVVHG�\HDVW������ J�RI�DVFRUELF�DFLG��DQG����� J�RI�ZDWHU�

:KHQ�α�DP\ODVH�ZDV�DGGHG��WKHQ����� 8�RI�WKH�HQ]\PH�ZDV�XVHG�
$OO�RI�WKH�LQJUHGLHQWV�ZHUH�PL[HG�LQ�D�PL[LQJ�ERZO�IRU��� PLQ��OHIW

DW� ��R&� IRU� �� PLQ�� WKHQ� WKH� GRXJK�ZDV� GLYLGHG� LQWR� VHFWLRQV� RI

��� J�HDFK��)HUPHQWDWLRQ�ZDV�FRQGXFWHG�DW���R&������5+�IRU�� K�

)LQDOO\��WKH�ORDIV�ZHUH�EDNHG�DW����R&�IRU��� PLQ�

Specific volume and softness of breadThe bread loaf volume
was measured 30 min after baking with the rape-seed-displacement
method. The ratio volume/mass (specific volume) was then
calculated.

To measure the softness of the bread during the time frame,
crumbs of 2 cm thickness were prepared and kept in polyvinyl bags
for 1, 3, and 7 d. The resistance power was then measured. The
crumb was considered to be softer when the resistance values were
small. All of the measures were performed at least three times.

Results and Discussions

3XULILFDWLRQ� RI� WKH� PDOWRVH�IRUPLQJ� α�DP\ODVH� DQG

GHWHUPLQDWLRQ�RI� WKH�PROHFXODU�PDVV 7KH�SXULILFDWLRQ�RI

WKH� PDOWRVH�IRUPLQJ� α�DP\ODVH� ZDV� DFKLHYHG� E\� DOFRKRO
SUHFLSLWDWLRQ�� DQG� DOWHUQDWLRQ� EHWZHHQ� '($(�&HOOXORVH� DQG

%LR�*HO�3���� JHO�FKURPDWRJUDSKLHV��DV�GHVFULEHG�SUHYLRXVO\

LQ� WKH� 0DWHULDOV� DQG� 0HWKRGV� 6HFWLRQ�� 7KH� HQ]\PH� ZDV

SXULILHG�WR�DQ�HOHFWURSKRUHWLFDOO\�SXUH�VWDWH�ZLWK�D�ILQDO�\LHOG

RI�������DQG�SXULILFDWLRQ�IROG�RI��������7KH�UHVXOWV�VKRZLQJ

WKH�SXULILFDWLRQ�VWHSV�DUH�LOOXVWUDWHG�LQ�7DEOH���

The molecular mass (Mr) of the purified maltose-forming
enzyme was 45 kDa and 49 kDa, as determined respectively
by SDS-PAGE (Fig. 1) and gel filtration chromatography.

pH and temperature characteristics of the enzyme The
enzyme activity was maximal at pH, between 6.0 and 7.0.
However, the enzyme preparation retained more than 85% of
its activity between pH 5.5 and 8.0. Maximal stability was
observed between pH 5.0 and 7.0, while the remaining
activity was more than 60% for a wide pH range, between 4.0
and 9.0 (Fig. 2A).

This maltose-forming enzyme showed maximum activity at

60oC, and the thermal stability was up to 40oC. However, the
remaining activity was about 93% and 82%, respectively at 45
and 50oC (Fig. 2B).

Determination of the anomeric forms of the enzyme
products from soluble starch 7R�GHWHUPLQH� WKH� DQRPHULF

IRUPV�RI� WKH�SURGXFWV���� XQLWV�RI� WKH�SXULILHG�HQ]\PH�ZHUH

DGGHG�WR��� PJ��Z�Y��RI�WKH�VROXEOH�VWDUFK�WKDW�ZDV�GLVVROYHG

LQWR���� PO�RI� WKH�'�2�VROXWLRQ��7KH� UHDFWLRQ�SURGXFWV�ZHUH

DQDO\]HG� E\� �+�105� DW� GLIIHUHQW� UHDFWLRQ� WLPHV� �)LJ�� ���

'XULQJ�WKH�ILUVW���WR��� PLQ��D�FKHPLFDO�VKLIW�DURXQG�����SSP

�-  ���� +]��� GXH� WR� WKH� α�DQRPHU� RI� WKH� SURGXFWV�� ZDV
REVHUYHG�� +RZHYHU�� WKHUH� ZDV� QR� FKHPLFDO� VKLIW� DURXQG

���� SSP��-  ����+]���GXH� WR� WKH� β�DQRPHU�RI� WKH�SURGXFWV�

Table 1. Purification steps of the maltose-forming α-amylase

Purification step Protein
(mg)

Total activity
(U)

Specific activity
(U/mg)

Yield
(%) Purification fold

Crude enzyme*  38000 700 0.018 100 1
Alcohol precipitation  1200 700 0.58 100 32.2
1st DEAE-Cellulose  920 780 0.85 111 47.2
1st P-100  364 560 1.54 80 85.5
2nd DEAE-Cellulose  240 570 2.37 81 131.7
2rd P-100  40 500 12.5 71.4 694.5
3th P-100  27 412 15.2 58.8 844.5

*: Two liters of culture medium were used to generate the crude enzyme.

)LJ�� ��� 6'6�3$*(� RI� WKH� SXULILHG� PDOWRVH�IRUPLQJ�α�DP\ODVH�
/DQH����PROHFXODU�ZHLJKW�PDUNHUV��/DQH���� WKH� SXULILHG�PDOWRVH�

IRUPLQJ� α�DP\ODVH� REWDLQHG� IURP� WKH� ODVW� %LR�*HO� 3�����
7ZHQW\�µJ� RI� WKH� HQ]\PH�ZHUH� DSSOLHG� RQ� ���� SRO\DFU\ODPLGH
JHO� LQ� D� 7ULV�+&O� EXIIHU� �S+� ������ (OHFWURSKRUHVLV� ZDV� FDUULHG

RXW�DW��� P$�IRU���� PLQ�
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+RZHYHU��ZLWKLQ���KU��β�DQRPHU�RI�WKH�SURGXFWV�ZDV�REVHUYHG�
7KH�UDWLR�RI�α�DQRPHU�β�DQRPHU�GHFUHDVHG�GXULQJ�WKDW� WLPH�
GXH�WR�PXWDURWDWLRQ��α�β  �������IRU�D���K�UHDFWLRQ�WLPH��DQG
�������IRU�RYHUQLJKW�UHDFWLRQ�WLPH��

Action pattern on soluble starch 2QH�XQLW�RI�WKH�SXULILHG

HQ]\PH� ZDV� DGGHG� WR� WKH� VDPH� YROXPH� RI� WKH� ��� �Z�Y�

VROXEOH�VWDUFK�VROXWLRQ��DQG� WKH�HQ]\PH�UHDFWLRQ�ZDV�FDUULHG

RXW� DW� ��R&�DQG�S+������7KH� SURGXFWV� RI� WKLV� UHDFWLRQ�ZHUH

DQDO\]HG� GXULQJ� VHYHUDO� WLPH� LQWHUYDOV� E\� +3/&�� DQG� WKH

SHUFHQWDJHV�RI�WKH�GLIIHUHQW�SURGXFWV�ZHUH�GHWHUPLQHG��7DEOH

����2OLJRVDFFKDULGHV�LQ�WKH�UDQJH�RI�PDOWRVH�WR�PDOWRSHQWRVH

DUH� WKH� ILUVW� K\GURO\WLF� SURGXFWV� WR� EH� UHOHDVHG�� WKHUHIRUH�

PDOWRVH�LQFUHDVHV�LQ�DOO�RI�WKH�GLJHVWV��$IWHU�D����K�LQFXEDWLRQ�

WKH� PDMRU� SURGXFW� IURP� VROXEOH� VWDUFK� ZDV� PDOWRVH�� ZKLFK

UHSUHVHQWHG� DERXW� ���� RI� WKH� WRWDO� DPRXQW� RI� DOO� RI� WKH

SURGXFWV� FRPELQHG�� 7KH� RQO\� WLPH� WKDW� ZH� QRWLFHG� WKH

DSSHDUDQFH�RI�D�VPDOO�DPRXQW�RI�JOXFRVH�WKDW�GLG�QRW�H[FHHG

����LQFXEDWLRQ�ZDV�DIWHU�D�ORQJ�LQFXEDWLRQ��PRUH�WKDQ����K��

:KHQ� ��� XQLWV� RI� HQ]\PH� ZHUH� UHDFWHG�� WKH� DPRXQW� RI

SURGXFHG�PDOWRVH�ZDV�DERXW������DV�GHWHUPLQHG�E\�+3/&�

7KLV�UHVXOW�ZDV�FRQILUPHG�E\�7/&��)LJ���$��7KLV�K\GURO\WLF

SURILOH� LQGLFDWHV�D�PHFKDQLVP�RI�DFWLRQ�WKDW� LV�GLIIHUHQW�WKDQ

WKH�FODVVLFDO�α�DP\ODVH�SDWWHUQV��'R\OH�HW�DO����������2Q�RWKHU
KDQG�� WKH� SHUFHQWDJH� RI� SURGXFHG� PDOWRVH� ������ LV� KLJKHU

ZKHQ�FRPSDUHG�WR�RWKHU�PDOWRVH�IRUPLQJ�DP\ODVHV�WKDW�ZHUH

SUHYLRXVO\� UHSRUWHG� �:DNR�HW�DO���������+LGDND�DQG�$GDFKL�

������'R\OH� HW� DO��� ������&ROOLQV� HW� DO��� ������'R\OH� HW� DO��

������

Action pattern on some maltooligosaccharides One unit
of the purified enzyme was added to the same volume of 2%
(w/v) solution of different maltooligosaccharides (from G2 to
G6). The enzyme reactions were carried out at 30oC and pH
6.0 for different time intervals. This enzyme did not act on
maltose (data not shown), and it also required a long
incubation period to hydrolyze maltotriose. The results of the
enzyme reactions on G3, G4, G5, and G6 are illustrated in
Figure 5. Detectable amounts of glucose were not observed

)LJ�� ��� 7KH� S+� DQG� WHPSHUDWXUH� HIIHFWV� RQ� WKH� DFWLYLW\� DQG

VWDELOLW\� RI� WKH� PDOWRVH�IRUPLQJ� α�DP\ODVH�� 0 �� UHPDLQLQJ

DFWLYLW\�� :�� UHODWLYH� DFWLYLW\�� )RU� S+� VWDELOLW\�� WKH� UHPDLQLQJ

DFWLYLW\� ZDV� PHDVXUHG� DW� ��R&� DQG� S+� ���� IRU� �� PLQ� DIWHU

LQFXEDWLRQ�RI� WKH�SXULILHG�PDOWRVH�IRUPLQJ�α�DP\ODVH� DW� GLIIHUHQW
S+� IRU� �� K�� )RU� WKH� KHDW� VWDELOLW\�� WKH� UHPDLQLQJ� DFWLYLW\� ZDV

PHDVXUHG� DW� ��R&� DQG� S+� ���� IRU� �� PLQ� DIWHU� WUHDWPHQW� RI� WKH

HQ]\PH�DW�GLIIHUHQW� WHPSHUDWXUHV�IRU���PLQ�

)LJ�� ��� �+�105� RI� WKH� SURGXFWV� IURP� VROXEOH� VWDUFK� K\GURO\]HG

ZLWK� WKH� PDOWRVH�IRUPLQJ�α�DP\ODVH�� 7KH� UHDFWLRQ� ZDV� FDUULHG
RXW� E\� LQFXEDWLQJ� WKH� PL[WXUH� RI� ��PJ� VROXEOH� VWDUFK� WKDW� ZDV

GLVVROYHG� LQWR� � PO� RI� '�2� DQG� ��� XQLWV� RI� WKH� HQ]\PH� DW

DPELHQW� WHPSHUDWXUH�



572 Youssef Ben Ammar et al.

for all of these maltooligosaccharides, except for the long-
time incubations (more than 24 h) in which glucose appeared
in small amounts when compared to the expected amount to
be released. It was also remarkable for all of these digestions
that glucose appeared while the amount of maltotriose was
decreasing. This result led us to suggest that glucose may
mainly come from the hydrolysis of maltotriose. However, the
Km values of this enzyme towards maltohexose,
maltopentaose, malototetrose, and maltotriose were 26.7,
30.1, 20.5, and 357 mM, respectively. This low affinity to
maltotriose is one of the main differences between this
enzyme and the one from P. expansum, which was reported to

have a high affinity to maltotriose that leads to the high
production of maltose (Doyle et al., 1989).

Action pattern on maltotriose 7KLV� PDOWRVH�IRUPLQJ� α�
DP\ODVH�K\GURO\VHV�*���*���DQG�*��DV�UDSLGO\�DV�WKH�UHDFWLRQ

EHJLQV��KRZHYHU��LW�K\GURO\VHV�*��VORZHU��'HWHFWDEOH�DPRXQWV

RI�PDOWRVH�ZHUH�REVHUYHG�DIWHU�D���K�LQFXEDWLRQ��JOXFRVH�RQO\

DSSHDUHG� DIWHU� PRUH� WKDQ� � K�� $IWHU� D� ���K� LQFXEDWLRQ�� WKH

DPRXQW� RI�PDOWRVH� DQG�*OXFRVH�ZHUH� IRXQG� WR� EH�����DQG

����UHVSHFWLYHO\��)LJ������*��*��UDWLR�ZDV��������7KH�*��*�

UDWLR� IURP� WKH�K\GURO\VLV�RI�PDOWRWULRVH�E\� WKLV�HQ]\PH�ZDV

VPDOOHU�ZKHQ�FRPSDUHG�WR�RWKHU�PDOWRVH�IRUPLQJ�α�DP\ODVHV
�'R\OH�HW�DO����������7KLV�PD\�H[SODLQ�WKH�KLJKHU�DPRXQW�RI

PDOWRVH�WKDW�LV�SURGXFHG�E\�WKLV�HQ]\PH��'R\OH�HW�DO��������

H[SODLQHG�WKH�IRUPDWLRQ�RI�WKH�YHU\�KLJK�PDOWRVH�\LHOG�E\�WKH

3�� H[SDQVXP� V\VWHP�� WKH� VLJQLILFDQFH�RI� LWV� KLJK� DIILQLW\� IRU

PDOWRWULRVH��7KH�RSSRVLWH�DSSHDUV�WR�EH�WUXH�LQ�WKH�FDVH�RI�RXU

HQ]\PH� V\VWHP�� WKH� ORZ� DIILQLW\� IRU� PDOWRWULRVH� VHHPV� WR

FRQWULEXWH�WR�ERWK�KLJK�PDOWRVH�\LHOGV�DQG�WKH�ORZ�DPRXQW�RI

JOXFRVH�

The amount of glucose that is released from maltotriose
was unexpected. The hydrolysis of one mole of maltotriose
produced one mole of glucose as well as one mole of maltose;
however, in this case, the enzyme hydrolyzed maltotriose to
produce maltose four times more than glucose (mole/mole).
The transglycosylation event is postulated to be the major
multimolecular mechanism that contributes to maltotriose
degradation by our enzyme system.
7ZR� PHFKDQLVPV� RI� WUDQVJO\FRV\ODWLRQ� FDQ� H[SODLQ� WKH

SURGXFWLRQ� RI� IRXU� WLPHV� PRUH� PDOWRVH� WKDQ� JOXFRVH� IURP

PDOWRWULRVH� �)LJ�� ���� 7KLV� HQ]\PH� FDWDO\VHV� WZR

Table 2. Percentage of the different products from soluble starch
that was progressively hydrolyzed by the maltose-forming α-
amylase. One unit of the enzyme was reacted with 1% of
soluble starch at 30oC, pH 6.0 and reaction products were
analyzed at different time intervals.

Oligosaccharide (%)

Incubation 
time (h) G1 G2 G3 Others 

(G4+G5)

0 0 0 0 0
0.25 0 28.2 31.2 40.5
0.5 0 47.8 31.8 20.4
1 0 54.6 29.8 15.6
2 0 56 29 15
4 0 58 27.5 14.5
24 8.2 75 4.7 12.1
72 11 75 2.8 11.2

)LJ�� ���7/&�RI� WKH� GLIIHUHQW� SURGXFWV� RI� WKH�PDOWRVH�IRUPLQJ�α�DP\ODVH�ZKHQ� DFWLQJ� RQ� VROXEOH� VWDUFK� �$��� IUXFWRV\O�PDOWRWULRVLGH� �%�
DQG�PDOWRWHWUDRVH��&��G (A) Final products from 1% starch after a 24-h hydrolysis with 13 units of purified enzyme at 30oC, pH 6.0. M1:
(a mixture of G1, G2, G3, and G4); 1: spot of the enzyme reaction mixture.G (B) Different products from 2% fructosyl-maltotrioside
after hydrolysis with 1 unit of purified enzyme at 30oC, pH 6.0 for different incubation times (0 h, 0.25 h, 0.5 h, 1 h, 2 h, 4 h, and 24
h). M1: (a mixture of G1, G2, G3, and G4), M2: (a mixture of F1, F2, F3, F4, F5, and F6), M3: sucrose.G (C) Different products from
2% maltotetraose after hydrolysis with 1 unit of purified enzyme at 30oC, pH 6.0 for different incubation times (0 h, 0.25 h, 0.5 h, 1 h,
2 h, 4 h, and 24 h).
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WUDQVJO\FRV\ODWLRQ�UHDFWLRQV��,�DQG�,,��WR�SURGXFH��UHVSHFWLYHO\�

PDOWRWHWURVH� DQG� PDOWRSHQWRVH� DV� WUDQVLHQW� SURGXFWV�� 7KHVH

WUDQVLHQW�SURGXFWV�DUH�XQGHWHFWHG�LQ�WKH�UHDFWLRQ�PL[WXUH�VLQFH

WKHLU� K\GURO\VHV� RFFXU� PRUH� UDSLGO\� WKDQ� PDOWRWULRVH�� 7R

SURGXFH� IRXU� WLPHV�PRUH�PDOWRVH� WKDQ�JOXFRVH� �PROH�PROH��

UHDFWLRQV� ,� DQG� ,,� VKRXOG� RFFXU� ZLWKRXW� SUHGRPLQDQFH

�UHDFWLRQ� , � UHDFWLRQ� ,,  �� � ����� 7KH� α�DP\ODVH� IURP
6WUHSWRP\FHV� SUDH[RV� VKRZV� D� VLPLODU� DFWLRQ�SDWWHUQ� IRU� WKH

K\GURO\VLV�RI�PDOWRWULRVH� �6XJDQXPD�HW�DO����������KRZHYHU�

WKH� SUREDELOLW\� RI� WZR� WUDQVIHU� UHDFWLRQV� �UHDFWLRQV� ,� DQG� ,,�

GLIIHUV� IURP� RXU� FDVH�� 7KH� α�DP\ODVH� IURP� 6WUHSWRP\FHV
SUDH[R�FDWDO\VHV�WKH�WZR�UHDFWLRQV�ZLWK�D�UDWH�RI���� � ���

Action Pattern on fructosyl-maltotrioside 2QH�XQLW�RI�WKH

SXULILHG�HQ]\PH�ZDV�DGGHG�WR�WKH�VDPH�YROXPH�RI�����Z�Y�

RI� WKH� IUXFWRV\O�PDOWRWULRVLGH� VROXWLRQ�� 7KH� HQ]\PH� UHDFWLRQ

ZDV�FDUULHG�RXW�DW���R&�DQG�S+�����IRU�GLIIHUHQW�WLPH�LQWHUYDOV�

7KH� SURGXFWV� RI� WKLV� UHDFWLRQ� ZHUH� DQDO\]HG� E\� 7/&� �)LJ�

�%��� 7KH� SURGXFWV� ZHUH� VXFURVH�� PDOWRVH�� DQG� IUXFWRV\O�

PDOWRVLGH��+RZHYHU�� JOXFRVH�� IUXFWRVH�� DQG�PDOWRWULRVH�ZHUH

QRW� SURGXFHG� E\� WKLV�α�DP\ODVH�� 7KH� DFWLRQ� SDWWHUQ� RI� WKLV
HQ]\PH�FDQ�EH�H[SODLQHG�E\�WKH�UHDFWLRQV�,,,�DQG�,9��)LJ�����

5HDFWLRQ�,,,� LV�D�VLPSOH�K\GURO\VLV�RI�IUXFWRV\O�PDOWRWULRVLGH

WR� SURGXFH� PDOWRVH� DQG� VXFURVH�� $FFRUGLQJ� WR� UHDFWLRQ� ,9�

WUDQVJO\FRV\ODWLRQ�FRXOG�EH�D�GHWHUPLQDQW�SURFHVV�WR�SURGXFH

PDOWRVH� DQG� IUXFWRV\O�PDOWRVLGH� IURP� IUXFWRV\O�

PDOWRWHUDRVLGH� WKDW� UHSUHVHQWV� D� WUDQVLHQW� SURGXFW� LQ� WKLV

UHDFWLRQ�

Action pattern on maltotetrose The implication of the
transglycosylation reaction in the action pattern of this
maltose-forming enzyme was clearly identified by analyzing
the products that were released from the hydrolysis of
maltotetrose by TLC (Fig. 4C). After incubation of 1 unit of
the purified enzyme with the same volume of 2% solution of
maltotetrose, we noticed the production of maltose,
maltotriose, maltopentose, and maltohexose. The presence of
maltopentose and maltohexose, which were found to be
transient products, confirms that the transfer reactions are
catalyzed by this enzyme. Two possible pathways are also
possible for the hydrolysis of maltotetrose (reactions V and
VI) (Fig. 6).
7KH�DFWLRQ�SDWWHUQ�RI�WKLV�HQ]\PH�RQ�PDOWRWHWURVH�VHHPV�WR

EH�XQLTXH�DQG�GLIIHUHQW�IURP�WKH�RWKHU�PDOWRJHQLF�α�DP\ODVH
WKDW�ZDV�SUHYLRXVO\�UHSRUWHG��&ROOLQV�HW�DO��GHPRQVWUDWHG�WKH

FRPELQHG�UROHV�RI�WUDQVJO\FRV\ODWLRQ�DQG�FRQGHQVDWLRQ�LQ�WKH

K\GURO\VLV�RI�PDOWRWHWURVH�E\�WKH�α�DP\ODVH�IURP�7��FXUYDWD
�&ROOLQV�HW�DO����������7KH�α�DP\ODVH�RI�SRUFLQH�SDQFUHDV�DOVR
VKRZHG� D� GLIIHUHQW� K\GURO\VLV� SDWKZD\� RI� PDOWRWHWURVH� LQ

ZKLFK� WKH�FRQGHQVDWLRQ� UHDFWLRQ�SOD\HG�D�PDMRU� UROH� �5RE\W

DQG�)UHQFK��������

)LJ�� ��� 3HUFHQWDJHV� RI� WKH� GLIIHUHQW� SURGXFWV� IURP� WKH� K\GURO\VLV� RI� YDULRXV� PDOWRROLJRVDFFKDULGHV� E\� WKH� PDOWRVH�IRUPLQJ�α�DP\ODVH�
�$��� �%��� �&���DQG��'��UHSUHVHQW�� UHVSHFWLYHO\�� WKH�K\GURO\VLV�RI�PDOWRWULRVH��PDOWRWHWURVH��PDOWRSHQWRVH��DQG�PDOWRKH[RVH�E\� WKH�PDOWRVH�

IRUPLQJ�α�DP\ODVH��*���í ��*���;��*���5 ��*���0 ��*�� +��*��� Ý.�2QH� XQLW� RI� WKH� HQ]\PH�ZDV� DFWHG� RQ� D� ��� VROXWLRQ� RI� HDFK
PDOWRROLJRVDFFKDULGH��7KH�HQ]\PH�UHDFWLRQ�ZDV�FDUULHG�RXW�DW���R&��S+�����IRU�GLIIHUHQW� WLPH�LQWHUYDOV�
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Possible use of the enzyme in bread-bakery process7KLV
PDOWRVH�SURGXFLQJ�α�DP\ODVH�ZDV�WHVWHG�IRU�LWV�DSSOLFDWLRQ�LQ
WKH�EUHDG�EDNHU\�SURFHVV��$V�D�UHVXOW��WKLV�HQ]\PH�ZDV�IRXQG

WR� KDYH� D� JRRG� LPSDFW� RQ� EUHDG� FKDUDFWHULVWLFV�� VXFK� DV

VSHFLILF� YROXPH� DQG� VRIWQHVV� ZKHQ� FRPSDUHG� WR� WKH� EUHDG

ZLWKRXW� WKH� HQ]\PH� DGGLWLRQ�� 7KH� EUHDG� EDNHG� DIWHU� WKH

DGGLWLRQ� RI� HQ]\PH� VKRZHG� D� UHODWLYHO\� KLJKHU� YROXPH

����� PO��DQG�ORZHU�ZHLJKW������� J��ZKHQ�FRPSDUHG�WR�WKH

RQH� ZLWKRXW� WKH� HQ]\PH� DGGLWLRQ� ����� PO� DQG� ����� J��

7KHUHIRUH�� WKH� VSHFLILF� YROXPH� RI� WKH� EUHDG� WKDW�ZDV� EDNHG

DIWHU� WKH� HQ]\PH� DGGLWLRQ� ZDV� ���� PO�J�� ,Q� DGGLWLRQ�� WKLV

PDOWRVH�SURGXFLQJ� α�DP\ODVH� HYHQWXDOO\� VKRZHG� D� JUHDW
EHQHILW� LQ� UHWDLQLQJ� WKH�VRIWQHVV�RI� WKH�EUHDG��7DEOH���VKRZV

WKH�HYROXWLRQ�RI�WKH�EUHDG�VRIWQHVV�DIWHU���G�RI�FRQVHUYDWLRQ�

7KH�FRQWURO�EUHDG��ZLWKRXW�WKH�HQ]\PH�DGGLWLRQ��LQFUHDVHG�LQ

KDUGQHVV� IDVWHU� WKDQ� WKH� EUHDG�ZLWK� WKH� DGGHG� HQ]\PH�� 7KH

KLJKHU�YDOXHV�RI�WKH�UHVLVWDQFH�IRUFH�LQ�7DEOH���LQGLFDWH�KDUGHU

EUHDG�� $FFRUGLQJO\�� WKH� DGGLWLRQ� RI� PDOWRVH�SURGXFLQJ� α�
DP\ODVH�NHSW�WKH�EUHDG�VRIWHU��HYHQ�DIWHU���GD\V�

,Q� FRQFOXVLRQ�� WKH� PDOWRVH�IRUPLQJ� α�DP\ODVH� IURP
6WUHSWRP\FHV� VS�� WKDW� ZDV� UHSRUWHG� LQ� WKLV� SDSHU� ZDV

LQWHUHVWLQJ�IRU�PDQ\�UHDVRQV�

(1) It produces a high yield of maltose that represents up to
90% after complete hydrolysis of the starch.

(2) The conversion of starch and maltooligosaccharides,

primarily to maltose, without synchronous glucose
production.

(3) The action pattern on maltooligosaccharides seems to
be unique, involving transglycosylation reactions in the same
time as the unimolecular hydrolysis system.

(4) The enzyme showed interesting results regarding its
possible utilization in the bread-bakery process, giving high
specific volume and softness to the bread, even after days of
conservation.
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