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Gene Cluster Analysis and Functional Characterization of Cyclomaltodextrinase from Listeria innocua
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A putative cyclomaltodextrinase gene (licd) was found from the genome of Listeria innocua ATCC 33090.
The licd gene is located in the gene cluster involved in maltose/maltodextrin utilization, which consists of
various genes encoding maltose phosphorylase and sugar ABC transporters. The structural gene encodes
591 amino acids with a predicted molecular mass of 68.6 kDa, which shares less than 58% of amino acid
sequence identity with other known CDase family enzymes. The licd gene was cloned, and the dimeric
enzyme with C-terminal six-histidines was successfully produced and purified from recombinant Esche-
richia coli. The enzyme showed the highest activity at pH 7.0 and 37°C. licd could hydrolyze B-cyclodextrin,
starch, and maltotriose to mainly maltose, and it cleaved pullulan to panose. It could also catalyze the
hydrolysis of acarbose to glucose and acarviosine-glucose. In particular, it showed significantly higher
activity towards f-cyclodextrin and maltotriose than towards starch and acarbose. licd also showed trans-
glycosylation activity, producing 0-(1,6)- and/or o-(1,3)-linked transfer products from the acarbose donor
and o-methyl glucopyranoside acceptor.
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21], Thermus [12], Lactobacillus [17], Lactococcus [8] &

= ZS ot nAE A HuE ot £3] o] a4
Cyclodextrinase A 89 4o+ Glycoside Hydrolase — -FAR= R 9] Bacillus & v|AYE FAA Yol A
(GH) family 139] 43} cyclomaltodextrinases (CDases,  ®3X3}3 QJT}[1, 18, 19]. ©]& CDase A€ H4+ 53
EC 3.2.1.54), maltogenic amylases (MAases; EC 3.2.1.133), 02 glucoseR FAE B4FE 2349 o-(1,4)-23 £
neopullulanases (NPases; EC 3.2.1.135), Thermoactinomyces £ 7155k, thefst =84 At tjst GHo] EAS
vulgaris o-amylase II (TVAID) 5 A2 o2 A gt 53l a-(1,4)-, 0-(1,3)-, -(1,6)-2FL 2 o] Foj7l 715 FA
BA7F ZFHETHL, 14, 18, 19]. A Z71A] CDase AIES & o] A2 AA o] 7}5317] f&Eof o] & BEAE o] &3t Al
AEL Bacillus [2, 10], Paenibacillus [11], Clostridium 1 B53HE 42 WA 59 S8 Hofo A Te J171 A
FE L ATH18].
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AG3t= AL o] &A=} A=A AL[3, 4], Bacillus subtilis
9] glycogen ThAFo| Al maltogenic amylase?} pullulanase
9] J5to] H 159 t}h23]. 2T Listeria monocytogenes2]
maltose/maltodextrin ©]-&of #H FAA} S AE Q) 1|
AESHY B9 A ol tigh B 17} o] F oA A (5],
WY #Fol &b Listeria & vl E W 54 3429
U g o8 AAY, g©edtE dAME 2o i 14
A &9 A7F o AFleltH1s, 22].

2 Ao vBE FAA dolguol A £4E F3
Listeria innocua ATCC 33090 #5325 ¥ cyclodextrinase
(LICD)Z 945 FAAE Tasty, 22, ddste] &
& EAE gelstglth E3F o] ARV 2E {2
g AE 9 F25 BAFCEH, & E maltose o]-& F=
o4 LICDY] 932 A4 3hct.

HE W

uE 2 A

Listeria innocua ATCC 33090 (DSM 20649) #+32| ¥
AA DNAE A 3t e 2 1 AFugitt. PCR
TE FARY 229 S A T-229 ¥H = pMD18-T
(Takara Biomedical Inc., Japan)E AHE3}ich A+ W
A 22 pHCEII/Ndel (BioLeaders Co., Korea)s H3
A%l pHCXHD [10] B8 & AH&-stth 42 229 2
WE S 93t £F AN XL Escherichia coli MC1061 35
AHgetsict.

Aok 9 Az

gut A|¢k, 713 9 u]PEL A= Sigma-Aldrich
(USA)$} Duchefa Biochemie (The Netherlands)ol Al ¢
stk 42 43¢ Agtas D DNA ligase 52 Roche
Applied Science (Germany)oA FY3tH e, PCR ¥
sequencing Z2to]H = Bioneer (Korea)ol| A eH/dste] AN

skttt

#4353 22y

Listeria innocua S A DNAS F3 o= 3}1, LICD-N
(5"-TTTTGGATCCATGGAAAAAGCAGGGATTTATC-3')
2 LICD-C (5-TTTTCTCGAGGCTGTTTTCTTTAATAA-
CAAGAA-3"E PCR Zg}o|HZE A}23}o LICD $A4AE
ZZ3}19 ). PCR ¥H-2-2 Taq DNA polymerase (Roche)2}
C1000 thermal cycler (Bio-Rad Laboratories Inc., USA)
£ A3t 94T oA 18, 55Tl A 30%, 72ClA 12
3022 303] WhEsla, EH o7 720 A 5EIF FI1E
FESYTE F2E 444 pMDIST Helo] 22yt
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pMDLICDE A 23}, SolGent (Korea)o] <J&ate] |7]A]
d& A FAA ES 93l pMDLICDE Agta
4 Nde 13} Xho 122 Hdhalal, FAIHE HE] pHCXHD
o 4¢lste] pHCXLICDE €U

Az 52 SR U L 34

pHCXLICD7} €2 A% ¥ AZF E. coli MC1061E
LBA (1% bacto-tryptone, 0.5% yeast extract, 1% NaCl,
100 mg/ml ampicillin) BA iz o] HF3st 37CAA 124
2t Fet viekstitt. YR 2 343t #AIE ultrasonicator
(VCX750, Sonics & Materials, Inc., USA)Z &5t &
HisTrap-FF column (GE Healthcare, Sweden)®} AKTA
Prime™ system (GE Healthcare)& o]-23to] A 315}
X ZZ O F elution buffer [20 mM Tris-HC1 (pH 7.4),
500 mM NaCl, 500 mM imidazole] 1 ml/min®] F&£0 =2
AAE Igsiglon, JAE e 55 F 4 buffer2

S4j50] o] Mg

whil e 9 B 2

A z3 o] AA =+ Mini-protean II (Bio-Rad,
USA)E 0] 83t 12% SDS-PAGEZ #0138}t A7|95 &,
Coomassie blue®2 M1, Tz FZ A2 (Sigma-
Aldrich)9} Blaste] @A o 27|15 AA st Tafd 9
BEAF 42 FZE= gel permeation chromatography
(GPC; Superdex-200 column, 10 X 300 mm, GE Healthcare)
9 0.5 ml/min F+49 50 mM sodium phosphate buffer
(pH 7.0)F o]-&sto] 245t a4 diE 9 5 573
2 BCA™ protein assay kit (Pierce Biotechnology Inc.,
USA)E ol g3ttt

54284 &4

LICDY A& 2A3}7] 938 1%9 B-CD, pullulan,
soluble starch& ZFZ} 50 mM sodium phosphate buffer
(H 7.0)0 =<1 &, AFF] a4E H7ste JF 100 ul
2 9hgstqnh 37T A 108 ¢ AATSS 53 A4
= maltose?] %2 dinitrosalicylic acid (DNS)H 2.2 &4
3} tH16]. Maltotriose2} acarbose 7] & 9] F L A AHNS
o2 MAE glucosed %S AceChem Glucose kit (YD
Diagnostics Co., Korea)2 Z43}ith. LICDS &4 1 unit
= 18 3 1 umol® maltose == glucoses A= a4
o o= Belster}.

A EH 7t B AHES thin layer chromatography (TLC)



Z BEAH314}. Silica gel 60Fy, TLC plate (Merck,
Germany)©]| 1 ul®] A|RE spotting 3}, isopropanol,
ethylacetate, &2 3:1:19] Hou|2 &35t AJEHLS A}
43ttt TLC plateE T AIQF (3 g N-(1-naphthyl)-
ethylene-diamine, 50 ml HySO,4 950 ml methanol)ol| &
o %, 2423k 110TC oA 1087 EAsto] FA 54T

FHo| AHE A

5% acarbose (donor; Carbosynth, England)®} 10% o-
methyl glucopyranoside (acceptor; Sigma-Aldrich)& ©]&
sto] 22 Whg =70 Al 24417 WSS QiTh A E B A
o] AHEL CarboPac PA1l column (0.4 X 25 cm, Thermo
Fisher Scientific Co., USA)T} electrochemical detector
(ED40, Thermo Fisher Scientific)E AF&3l4] high
performance anion exchange chromatography (HPAEC;
Bio-LC ICS-3000, Thermo Fisher Scientific)® 43} 4
ok A|RQ] BA AL o]FA A (150 mM NaOH, Thermo
Fisher Scientific)E 7|22 2 o]FA B (600 mM sodium
acetate, Sigma-Aldrich)E £9 1%¥ F7HX7|= oz
AP o] BAY $EE 1.0 mUmine 2 AHFHA &
A5

=k

7=1|. =1] 1 E

=
Listeria maltose/maltodextrin o]-& §AA} S8 AH
CDase A€ &4 §AAE ThoFst n|E FAA o ZY
A REZst= Ao® FEA ATH20]. AZ WollA A==
CDase &= cyclodextrin (CD)9] &g 72 E AWs}ty] o-
glucosidase?] 23 712121 maltose Y2 7IE3)gttH18,
19]. ©]1] Bacillus subtilis 168 A|3Z <] e4=3H2 tjALo]
4] maltogenic amylase (MAase)®?} debranching enzyme
(pullulanase)®] 2|3 7|5 £4& g gt EAH ]
A7 EuE v QIoh23]. mEbA, 2 dAtolAe B
subtilis MAase SZHAE o]L3 BLAST AME E£3
Listeria innocua ATCC 33090 G-AA| 2 EE] CDaseZ At
= 84 A(in2231; GenBank accession No. NP471564)
£ 2%, o] & LICD |42 2 Pstarct. LICD &

lin lin lin lin
2219 2220 2226 2227 2228
646 aa 753 aa

25? aa

i Permease H

Maltose phosphorylase
ATP-binding protein

277 a;a 283aa 435aa
L— Permease —

Maltodextrin utilization protein (MalA)
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ARE FHEZ L. innocua FAA AEE FHY3HA &
A3to], o] G- 2}7} maltose/maltodextrin ©]-& GAA &
2l 2E Yol stk A& elstdth(Fig. 1). LICD #3
A= Hlo]EfH|o] & Aol A 2719 a-glycosidase® #5750
glglon, o] Qo= thoFst sugar ABC transporter 3=}
3} maltose phosphorylase §4A7F S8 AEHE FATS
g5ttt LICDY ofn| =4t Al & SignalP A H[20]2
A% A, EolH 2l signal peptide A Fo] TA= A &
gkom, o= o] A&7t Al 9] cytoplasm F oA T
g ottt webA], LICD2} maltose phosphorylase=
AEZ Y2 2495 cyclodextrin T+ maltooligosaccharide
E A Z o8 Ao AR st tAE 2o JYA]F]
L g Bt AR d2ad ol fH4 2e2
B 3ER2E AE7tA &3 A B. subtilis 168 Y Listeria
monocytogenes EGD-c9] $77] B4 Akt $AS1ALH,
23, 24].

LICD f3zte] 23 5 23

LICD 2 {3 (in2231)& 1,773709] F7] AL 2 ©]
FoAH, & 591749 ofn|eAt 7S FB ISt . &
2 $A4AE LICD-N € LICD-C Zzelo|HE o|g3lo] PCR
2 FESAT. F 1.8 kb %4 LICD {44 dH& T-
2 Afdste] pMDLICDE A5t oS Atas
Nde 13} Xho 198 2|3t &, pHCXHD L@ of 4-¢]
stof Az S|AvEQ] pHCXLICDE A|Z3FAT
pHCXLICDE E. coli MC1061° F A A% ate] 223 of
AFE dgon o] ujokste] C- ke 6709 histidine
717t 23E e A= LICDS FUArh Ni-NTA 3
ZotE 0] E o] g3te] FA LICD £4E SDS-PAGE
2 ZA A3, A7IMEREE o33t vhet o] oF 70 kDa
3719 @eido] T JFH o2 YA HASZ LAt
At (Fig. 2).

LICDY] 13} ¥ 43} 712 B4

CAZy (Carbohydrate Active EnZymes) ] ] €] #] o] A o]
A ot At HE 58S EYE stof, A& 5 &
32 A2 7|2 o= MR EAE GH 18 family

lin lin lin lin lin
2229 2230 2231 2232 2233

321aa 591 aa 211aa 321Iaa

/

Transcription regulator

Fig. 1. Gene cluster for maltose/maltodextrin utilization in Listeria innocua. Each gene ID is shown above the arrow, and experi-
mentally proven or presumptive protein functions below. The GenBank accession no. for the genome sequence is NC003212.
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Fig. 2. Gene expression and purification of LICD. SDS-PAGE
analysis showed the expression level and the purity of LICD from
recombinant E. coli. Lane M, protein molecular weight marker;
lane 1, cell extract from E. coli harboring pHCXHD; lane 2, cell
extract from E. coli harboring pHCXLICD; lane 3, LICD purified by
Ni-NTA chromatography.

2 EFst e[l 6], W2 uloA CDase A€ &
& 9A] GH 13 AEo] &3trh[14]. ov|eAt A Ho wE 4
THAE EAT 47, LICD: thE u|8¥E #2 CDase A
g LS 39-57% & AE AeAS HEdT &
3], Bacillus 4 |8 = 499 E457 22 4AAAE B
Fom, B. stearothermophilus MAase [2]2} 57.2%, £ 84
32l Thermus MAase [12]¢} 51.8%, B. subtilis MAase
[23]19} 52.0%, B. halodurans CDase [10]9} 50.7%, 3t
Thermoactinomyces vulgaris amylase II [9]2} 38.5%2] AF
£48 ek,

ESELICDE CDase A€ 849 323 EAL 2453}
ok 9 & =9, 99382l a-amylaseo] EA84A] g N-T
o2 shx|n], AHE R.¢] T (DAVENH), I (GWRLDVANE),
III (EIWH), IV (LLGSHD) A g E3t & =& SAI=E
et it s 9 IL IIL IV Woll 9X)8t= F8 &4
B9 ofu| A Z7] Q] Asp339, Glu368, Asp43s E3F 3§
sttt kA, LICD+ CD 7|29 &2 F4& Boj:
CDase A€ B4E7 60% 1o A Q 54S HolAut,
AR 174 P2 L BY W19 A, FER AL 5
2 MIT o A AL BHL 4 A2 oA

GPC $4 23, 489 AfolH Y28 LICDS| BAHE
¢F 166 kDa©]$l 2™, o]= LICD7} homo-dimer2] Jej =
EAe Aujgtth(Fig. 3). AlG7HA] EiE CDase A€ &
252 7 homo-dimerd] FefE 7HA &= AR <A

lom[2, 7, 9, 10, 12, 21], YX A 494 homo-dodecamer
of Fej7t R E7| & sFGITH23]. o] F A FFLE &
8t= N-U© domain®] 42} 729 FAo 2% 4=

2 1o 30
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Fig. 3. Determination of quaternary structure of LICD.
Molecular mass of LICD was estimated by gel permeation chro-
matography (Superdex-200). The purified LICD was drawn as a
solid line and the molecular weight markers (a dashed line) were
used as the mixture of six proteins: (a) thyroglobulin (669 kDa),
(b) apoferritin (443 kDa), (c) o-amylase (200 kDa), (d) alcohol
dehydrogenase (150 kDa), (e) bovine serum albumin (66 kDa), (f)
carbonic anhydrase (29 kDa).

stol, of BN BHEY B2 2 Fee) 712 B 29
27 Ha0) 712 BolHo] JFL WAL Ao LelA
Moz, olg ¥

9th[13]. LICDE 9] N
3] homo-dimer 7£Z& FA T

LICDS] 54 EA

Az LICDE B-CDE 714 E & o, 37TolA 2df &
A& Uetlilen, 25TCoAME 50% o9 &4dE BAA
T, 45T A= S ¥ A4S EATH(Fig. 4A). $HH,
50 mM sodium phosphate buffer (pH 7.0)o| A 7} =&
B-CD 7}#3ff &4& Egeu, pH 6.0 ©|5} &= pH 8.0
o] =AM+ 2F pH thH] 60% °]5te F2 S
UE $ith(Fig. 4B). i 7&9 524 P8 E 2 CDase
AE aaE0] 40-60C, pH 5.5-8.0 HEJA A9 a4
245 Uetli= A& A ), L. innocua CDasex 2%
4 pH $i3}o]| FIZHet AFS YeEtldlen, ol= HH4 1l
AE EA A SFY S J4 229 B Tl o
AOR sttt 5, 22].

LICDE] 7]d B0l 9 7l53] EA

CDase A €2 &4+ B-CD, pullulan, starch ¥ o}u] &}
maltooligosaccharide®} acarbose 5 thofgt 7] & o) tiaf 71
TR 2 G 4L 7HAE AR dHFTh webA
theFst 7] &) gt LICDS] a4 &4 skal, o] & 7|
Z9 475 CDase A€ £4E57 3 &} tH(Table

=
=

= 34
ERLI



1). LICDZ 3 ﬁg.f& BE (CDase A€ &AL B-CDo o 3)

A RS 8L Yo, BE A8 o g4
o] whef o Aol € 5Tt 12 Sof LICD pOD

2 pullulan 7}4=83) Z4-& BHCDY ThMAY] 57t 4%
o]l e, starch®} acarbosed] gt AL thE F T4KH
o Ftch. 28 glucose 37] EAFZ T4 E maltotriose
o 3t 7}4E3) 42 BHCD, ThMA®] 8|3 ZHz} 1.54],

>

100

80 |

60

40 -

Relative activity (%)

Reaction temperature (°C)

w
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40 |
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Eo 3
(&,
© ¢

Fig. 4. Effects of reaction temperature (A) and pH (B) on LICD
activity. Optimal reaction temperature and pH of LICD were
determined on the basis of its hydrolyzing activity towards (3-CD.
Sodium acetate (pH 4.0-6.0); sodium phosphate (pH 6.0-7.5);
Tris-HCI (pH 7.5-8.0); borate-NaOH (pH 8.0-9.0).
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4.48) =& FAS B E3], starch £33 Ao H] 3|
maltotrioseo] tjgt &AJo] 268 o] o2 ul$ =9ton, o]
+ LICD7} 182 S84 Bt A&A}; 237 daf £2
4L 7= aadE Yuidtt gt A 718 o
3 ¥ A5 =E Uehd BHCDS} v g o, LICDS] 714
Eo|Ao] mj AolghE & = AU th B a-glucosidase
AfA 2 G X &2 B8 AHEE= acarbose?] 7
ThMAS} BHCD %59 CDase A€ &40 93] glucose?}t
acarviosine-glucoseZ &3} ¥ t}[10, 12]. LICDY Z$-o=
acarboseE E3|5}A| W, 1 A& ThMAQ BHCDo)| H3|
oF 0.6% I 53% 42202 27 worch w|LA SAM B
el A E 2 7|2 ¢l maltotriose®} acarbose &, E3
maltotriose®] 3] ¢ =& AL 71X = vHH acarbose
of tiaf ¥ &S U= AL 7479 714 gt
LICDY #+z4 F3t=7l th& a4 34 t27] g2
2 2239}

R FEEER UL

o

HHSAHE-S TLCE £43}t0] LICD

G1

» G1
G2~ - s - AG
G3 ~ s = AC
L ]
G4 . PN
G5 &
G6 *
s - + - + -+ - 4+ - 4
|- 1 I |- I
(o] SS PL G3 AC

Fig. 5. TLC analysis of hydrolysis patterns of LICD on various
substrates. LICD was reacted with 1% of each substrate: CD, 3-
CD; PL, pullulan; SS, soluble starch; G3, maltotriose; AG, acarvios-
ine-glucose; AC, acarbose; PN, panose; S, maltooligosaccharide
standards, and the reaction products with (+) or without (-)
enzyme.

Table 1. Comparison of the multi-substrate specificity between LICD and other known CDase-family enzymes.

Specific activity (U/mg)®

Activity ratio®

Enzyme?

B-CD Pullulan Starch Maltotriose Acarbose C/S P/S M/S  M/A

LICD 56.3+0.7 13.0£0.2 3.000 779105 1.6+ 0.0 18.8 43 260 487

BHCD 529+03 228105 11.2£0.1 179 %0.1 3.0£0.1 4.7 20 1.6 6.0
ThMA 652109 50%0.1 4410.1 489+0.3 273103 14.8 1.1 1.1 1.8

2LICD, L. innocua CDase; BHCD, B. halodurans CDase; ThMA, Thermus sp. MAase
bEach hydrolyzing activity on B-CD, pullulan, or starch was determined by DNS reducing sugar assay, whereas the activity on
maltotriose or acarbose was measured by glucose oxidase-peroxidase method.
“The abbreviations for the activity ratios between substrates were used as follows: C, 3-CD; P, pullulan; S, soluble starch; M, maltotri-

ose; A, acarbose.
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9] 714 7t Ye-E& Felskgth(Fig. 5). LICD+= B-CD
9 35 ILZE endo-FLoE HAHEdHA 7709 glucoseZ T+
e A3 9] maltoheptaoseZ HBs}tH, o]0z &= 7}4R
3 28-S 3] maltoseS FHE AHER, glucoseds FAMHER
A A s Tt Pullulan 9 starchof tjst AL Atz oz
WOkAIRE, FAIZE W& Bl BojX AR AT 2ol
Z+ZF maltose?} panosedS &-215}4th. Maltotriose2] 3
AHE2 HE A0 2 glucose?} maltose$ S ™, maltose= T
ol A & SHH U o9 A7E F3f LICD
7} a-(1,4)- 23S E3j5te] 2 maltoseS PAI= A3
2]l CDase AE9 a29& & 4 ATk ¥ acarbose
o] Aeoll= I3 B2 Ao Qg 7| "o ¢St
A B EH ALY, 239 glucose?} acarviosine-glucose7}
AE Ao g B off, JA] thE CDase A4 57} A}
g 7t EA4S M Ao wdsiqith

23402 LICD= A3 A<l CDase A E 9 &0,
pullulan ¥ starch®} &2 & #AF] FEA 712 Bt B-
CD, maltotriose®} &< A4 2972 714 ¢ 2 28
5}, acarbosed]| tigt Hafl /o] AHoR mj¢ e &
AL BTt

KR
L

LICDY] FHo] £E4
CDase A8 &40 Y%l ThMA ¥ BHCDO djgh d+

G10 AG

Response (nC)

0 2 4 6 8 10 12 14

Retention time (min)
Fig. 6. HPAEC analysis of acarbose transglycosylation prod-
ucts. LICD was reacted with 5% acarbose (donor) and 10% o-
methyl glucopyranoside (acceptor) at 37°C for 2 h. At each time
interval of (A) 0 min, (B) 120 min, the reaction mixture was taken
and analyzed by HPAEC. Abbreviations used here: o-MG, o-
methyl glucopyranoside; G1, glucose; AG, acarviosine-glucose,
AC, acarbose; 3, o-(1,3)-transglycosylation product; 6, o-(1,6)-
transglycosylation product.
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oA, o] ¥ho g Aol o-(1,6)- E a-(1,3)-2FY A
o] Y EL thA B A ol ZHEH, G2 27|
E 0-(1,4)-F0] BB BT FAl w2A A 23|
He Ao BagEtH10, 12]. A3 AFE EYE LICD
o] FHo| & FelstAt, FoA =2 acarbose, &A=
o-methyl glucopyranoside (-MG)E o]-&3t G o] HF-e-2
A X3, HHSATE S HPAECE 24 38t¢th gAo] vh-e
< &3 BHCD9} FAFSHA 0-(1,6)- E o-(1,3)-A o] AEE
o] A/ =] A t}(Fig. 6).

LICD®} 7|& CDase Alg &4 7+ 45 9 27159 &
g 58t 54 72 9 7|59 ABTA ] dig A
&2 Q A7t o]FAZITHH, 1159 71d Eo]Ad 9 FHo]
G40 Fojdte A4 opm| it 7 E 2T 4 UL A
ojtt. o] AT A&t d49] 71 BoldS WA=
oy FetA Ao Fa% FHEE AFTL £ S A9
oh E3 T Hoh et ngEA FEe CDase A E
aAE HI-ALTFo RN, o]F FAAY AAA Y ek

4 B3hE AE R4 9 Ak digt e ol E
AN Ao 7 g

oo o o}

2 o

Listeria innocua ATCC 33090 A X 25 ¥ maltose/
maltodextrin ©]-&3} THAT G2 S| 2HE DA
o, 12 H¥ cyclomaltodextrinase (LICD)Z A&+ 54
A5 F2YsHL, i+t WollA Tdstitth. LICDE ¥ 591
7§Q] ofmlicito 2 o]F0j7 68.6 kDa 7|2 oy, &
W2l CDase A" A4 E3 39-58%9] ofn| 4t A E A
A4S Uehygith. A2 LICDE 37T, pH 7.0¢] 249
A ) AL JehY 9o, cyclodextrin, starch, maltotriose
of 2§31 & maltoseE A8t E3 pullulang £
3|5to] panoses, 18] acarbosed H33}9] glucose}t
acarviosine-glucoseE A Adl= AF 22l CDase AE &4
S sttt 18y, starch ¥ pulluland} 22 31E82;
712 thH] cyclodextrin ¥ maltotriose?] * &2} AT F o
el Adides 2 Z4S YEWH, acarbose 23 B4
o] o wrol o2 a4 ST AL 7M. E3 LICDE
acarbose FAAE 7tpRaH st F8A o Aolst= FAo]
48 ner
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