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A cyclomaltodextrinase (SPCD) gene was cloned from
Streptococcus pyogenes ATCC 700294. Its open reading frame
consists of 567 amino acids (66.8 kDa), which shows less than
37% of amino acid sequence identity with the other CDase-
family enzymes. The homo-dimeric SPCD with C-terminal
six-histidines was expressed and purified from Escherichia
coli. Tt showed the highest activity at pH 7.5 and 45°C,
respectively. SPCD has the broad substrate specificities against
B-cyclodextrin, starch, and maltotriose to produce mainly
maltose, whereas it hydrolyzes pullulan to panose. It can also
catalyze the hydrolysis of acarbose to glucose and acarviosine-
glucose. Interestingly, it showed much higher activity on 3
-cyclodextrin and acarbose than that on starch, pullulan, or
maltotriose, which makes SPCD distinguished from common
CDase-family enzymes. Although SPCD has significantly high
acarbose-hydrolyzing activity, it showed negligible transgly-
cosylation activity.
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Glycoside Hydrolase (GH) family 13 o] <58]<= cyclomalto-
dextrinase (CDase, EC 3.2.1.54), maltogenic amylase (MAase;
EC 3.2.1.133), neopullulanase (NPase; EC 3.2.1.135)= A&

2 g AS 7R A0k, YRbA 0 2 cyclodextrinase A€ o] &
A2 B2 th(Park ef al., 2000; Lee et al., 2002; Park, 2006).
CDase A€ 4= Clostridium (Podkovyrov and Zeikus, 1992),
Bacillus (Chaet al., 1998; Kang et al., 2009), Thermus (Kim et
al., 1999), Paenibacillus (Kaulpiboon and Pongsawasdi, 2004),
Lactobacillus (Oh et al., 2005), Lactococcus (Jang et al.,
2013), Listeria (Jang et al., 2016) 4; 5-2] T}oFst n|AJ &2 5
E] AT} o] & A= glucose = A H TH3HE S
A9] a-(1,4)- 2 F-915 7hEdlisto] =2 maltose S 4373
sh, So] 2l gl o]&/dS e of a-(1,6)- = a~(1,3)-
Agte] telRt ol e AAshe Aoz deFick wet
A ZAHAA ol EABh= 24 T EAIE ol 83 M2 Bl
27| 0] AYAto]| o] 5 AAF B8-St TRt A7 X E
tH(Park, 2006).
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O A|a W ol sl 4] v =ts] Uil A] A] QhSkeh. Klebsiella
oxytoca®| 7%, cyclodextrin glucanotransferase©f 2]3f] A4
= cyclodextrin®] A2 Y2 -5 &, t}A] CDase A€ a4~
ofs) AR As}El BalE AR B 1|9 Feederle
etal., 1996; Fiedler et al., 1996). T3t Bacillus subtilis A3 U
of| Al MAase 2} pullulanase 2] 2F-8-0]] 23t glycogen THAFA
o] gF& A ti(Shim et al., 2009). Z|Lo|| Listeria < n|A &2
HE] maltose = maltodextrin ©]-& I §HAX} ZF2]AE 2}
| A& A 2] kA EAd o] AFE A tHGopal ef al., 2010; Jang
etal.,2016). A 371A] 218 % CDase A|E a4 ot A+=
2 Bacillus 4 1A= G2 4 2 2R} o) =59 oL,
2L 7FE )R] S HA| AW 245 ZAEHA B}

ChoFoh u] A B 8 HE] A8 TH2 CDase 7] & f 4 G AX1S 2
31 05 0] BAEAG vl w3l Al HAS LS el
o] HaE 1 glek.

2 ol A ulgE A doleuolx EAg o

Streptococcus pyogenes ATCC 700294 == HE cyclo-
maltodextrinase (SPCD) & A== SAAE S 2 2 kg
sl om, 7R Eo|A, 7IE o G o1& & tofdt &
SEALE R 8}%} E3H o} CDase A2 gAszH )

&

)

Mz U

o= & Fxt

Streptococcus pyogenes M1 GAS (ATCC 700294) 2] A4
Al DNA+= g8 5ot Aol A Alget o, i<t
W 54 =}o] 3FA|EFE -2 pHCEI/Ndel (BioLeaders Co.)S
FHA)Z] pHCXHD (Kang et al., 2009) & & A3} T} -4
2 22y W 28 Escherichia coliMC1061 o5 AFE-3
ek

-

Al2t o R
Aut AJok, @4 7|4 9 u]AYE v A= Sigma-Aldrich2}
Duchefa Biochemieol| 4] - 3lo] ARSIt 22 A|Sta

SRESEE PSS

4>, DNA polymerase, DNA ligase 5
Roche Applied Scienceol| A F+¢3}%3.2.H, PCR X sequencing

zalo] = Bioneerol| 4| g-d 5o AR5t

SPCD {FXjo| 224

Streptococcus pyogenes 2] G DNAE £8 © &2 A1-8-3}

o, SPCD-N (5-TTTTCATATGAATGTTGCCGGACTC-
3") 9 SPCD-C (5-TTTTCTCGAGGTTACTAAACACAA
TATATCC-3') PCR Z}o]H & SPCD G AAS ZZ35)9ith
Taq DNA polymerase (Roche)2} C1000 thermal cycler (Bio-
Rad Laboratories Inc.)S AFg-3}0] 94°Cof| A 18, 54°Cof| A
30%, 72°Col|A] 15 3022 303] WHEs}a1, 72°Coj| A 58
7t 27 2 2 £33t %»‘I‘TQ L AR = A st A A Nde 13}
Xho 102 Atslal, gFA|Era W E Ql pHCXHD o) 4F¢ 81
pHCXSPCDE *

SPCD EiXIQ] W L A

pHCXSPCD7} §AAZE ¥l A3 E. coliS LBA (1%
bacto-tryptone, 0.5% yeast extract, 1% NaCl, 100 mg/ml
ampicillin) A} x| of] 74 F-5}31 37°Cof| A 124171 B g8}l
th YAET R #AE 345 &, VCXT750 ultrasonicator
(Sonics & Materials Inc.)2 w}+4|3}2, AKTA Prime™ (GE
Healthcare) 3} HisTrap-FF column (GE Healthcare)-2 ©]-8-3}
o ZA|5k T

-

S CHHXI I-I'r_ér al _E_xl% =_|=éi

=
Az g Tl A O] A A == Mini-protean I (Bio-Rad) & ©]

)
831 12% SDS-PAGE £4-& &3] g}e15}9ith zmoﬂzoi
2]k chl 28 Coomassie blue 2 GAY3H 5, Thal 2] 24

F(Sigma-Aldrich)2} H] 1.3} monomer 2] E-A}5FS
ot ch R o] Bxlakul 42}t B4 93] gel permeation
chromatography (GPC; Superdex-200 column, 10 x 300 mm,
GE Healthcare)E ©]-83}%1.© 1, 0.5 ml/min 8-<:2] 50 mM
sodium phosphate buffer (pH 7.0)& S| 2 A8-3l4 )k &
A o] = =29 BCA™ protein assay kit (Pierce
ol 851,

o AR}

Biotechnology Inc.)&

.l
o

SPCDe| A&

SPCD 9] &A1& =45}7] 93l 1%2] 3-CD, soluble starch,
pullulan 7] 21-2- Z}7} 50 mM sodium phosphate buffer (pH 7.5)
of =l &, AFe] s grsto] 2% 100 W= vE-g-5}
At} 37°Co) A 1087+ J%’S}Oﬂ A= maltose 2] S
dinitrosalicylic acid (DNS)H 0.2 Z2]3}¢ ti(Miller, 1959).
Maltotriose2} acarbose -3} 2+ _J 7%, XA = glucose 2] oF

2 AceChem Glucose kit (YD Diagnostics Co.) 2 =743} %}

J)|'
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SPCD2] &A% 1 unit=

1
glucose & YA h= A 40| oF

SPCD2| 7jrEsliitE &4

A 24N 1% 7)1 AT} EAS 1247 S0 81238 &
7}5=E 3 AHE-S thin layer chromatography (TLC)E &35}
At} Silica gel 60F,s4 TLC plate (Merck)o]] 1 ule A|l2&
spotting}1Z, isopropanol:ethylacetate: &(3:1:1)2] A 7j-gj
E ARSI TLC plateE WA 2K3 g N-(1-naphthyl)-
ethylene-diamine, 50 ml H,SO4, 950 ml methanol)o]] T <,
12345 110°Co A 1037} shataheic,

SPCDQ| GZolE &M

5% acarbose (Carbosynth) F{ A2} 10% a-methyl glu-
copyranoside (Sigma-Aldrich) <=8 & o|-&3}o] & =4
of| A 24 A7 W33 k. A H o] AHE-2 CarboPac PA1
Z2(0.4 x 25 cm, Thermo Fisher Scientific) ¥} electrochemical
detector (ED40, Thermo Fisher Scientific)E AF&-3}o] high
performance anion exchange chromatography (HPAEC; ICS-
3000, Thermo Fisher Scientific) 2 £A435} % th oA A (150
mM NaOH)oj| 1.0 ml/min8] 8§02 o|FAF B (600 mM

sodium acetate) =S B4 %2 Z71A|7|HA] BA51H¢ch

Znh 3 o

SPCD RZixje| B

A2z Wof| 4] Hd =)= CDase A| € 2] A= 2|43 maltooli-
gosaccharides = 2§ 1% 9] cyclomaltodextrin (CD)2
maltose T2 71E3)51H, o]& E3) a-glucosidaseo] 2]
g Gt o] AeS Eole Ao® Y FtH(Park ef dl.,
2000; Park, 2006). 2|t A A glo|EHo] A A A1LE &
&l o] CDase Ald &4 FAA7F AFAA 2] Thekgt v =
A Woll de] A 2ele 4= AUATE E3H ookt =
A o] A5 53l Bacillus subtilis A 3 Y] 9] Er=3}-= T A}
T} of| 4] maltogenic amylase 2} debranching enzyme 2] A 2]
2 7% 9 o&to] B 1% QT Shim et al., 2009). 2 A TLo)| A]
L B. subtilis MAase 5 710 &2 CDase A|E a4 54
Z}9) A E-& 7122 BLASTP (Altschul et al., 1990) A =
3| Streptococcus pyogenes ATCC 700294 -7 A|(GenBank
accession No. NC_002737.2, Ferretti ef al., 2001) 25-E] CDase

&3l Al A|s3d Al3E

2 o == FAANP_269429.1)5 =38tk o] #7304k
© 71 "lolEH o] 2 Aol A a-glycosidase = ol = $loH,
271 BAS E3) o] 8747} maltose F+= maltodextrin ©]-&
AR S 2E Yol f1AIsh= A& ISkl ot
AR F2] A FZ2= X F7HA] B. subtilis 168 (Shim et al.,
2009), Listeria monocytogenes EGD-e (Gopal et al., 2010) 2
Listeria innocua ATCC 33090 (Jang ef al., 2016) 2] 72 A ]
A B 11g Ak} 9 ALslglch T8 SPCD O] obu| Al A G
SignalP 3 2 7124 (Petersen ef al., 2011) 0.2 EA31 A3}, E0|
29l signal peptide A%o] W2IE]7] kot A3E 2] eytoplasm
F oA EH = o] maltodextrin hAFF 2ol oS Aoz
Sgatsic.

SPCDQ| 1X}L= H|w

AR 5 S2kE SEAE 78 71E = ke (B/o)s-barrel
T2 7k el A o At A s S Ve o2
FEGH 13 A9 = 25751, 82 o]0 4] CDase E3t 0|7
3t Al Y o] & Ao &3 Henrissat and Bairoch, 1996; Lee et
al.,2002). ob| =ik A F O] A A1 & -4 3k Ak, SPCD=
Thermus MAase (Kim et al., 1999)2}36.8%2] 717 =2 A=
A8 B O, Bacillus halodurans (BHCD; Kang et al., 2009),
Listeria innocua (LICD; Jang et al., 2016), 12|31 G-AF2l
Lactococcus lactis (LLCD; Jang et al., 2013) -3-2] CDase 2} t]
- 35% W 9] 9] 454 S UERITH(Table 1). ARHA 1 A<t
2l CDase A|Q A4~ 7HO] 4570 0] 50% OO &2 & 5
= 7eFe uf, SPCDL} 7] & A A5 As/d-2 vl a A Wk
t}. 184, SPCD+= YUHEA Q] a-amylase 2} E2] CDase
oA Bo| %0 2 M| B4aN-2 e 720 4
B 1LIVE 7pu], B8] AFRI I 1IL IV o] 9135
ZQ B4 ofu| Ak 2791 Asp326, Glu3ss, Aspd22 S 3L

N

AL
¥0

o 12

Ir

3

o

Table 1. Amino acid sequence identities among various CDase-family
enzymes

Amino acid sequence identity (%)

Enzyme®
ThMA BHCD LICD LLCD
SPCD 36.8 36.4 345 345
ThMA 56.0 50.3 46.5
BHCD 50.9 46.6
LICD 47.6

*SPCD, Streptococcus pyogenes CDase in this study; ThMA, Thermus MAase (Kim
et al., 2001); BHCD, Bacillus halodurans CDase (Kang et al., 2009); LLCD,
Listeria innocua CDase (Jang et al., 2016); LLCD, Lactobacillus lactis CDase (Jang
etal., 2013)
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SF= -2 2holal g thPark ef al., 2000). 3HH AFEH O] [[9}
2] A obu| i Ak 7] 7} 71222 CDase 74]%3?: oFAolst

B2 o] QI3 aAEA]O] 2jo]7} HAIEE 4= 918 A O 7 o

oteckFig. 1). 224 .2 SPCD= 7144 CDase 7| &

253} 35% ujuko] Lo Q] AHEA]S Ho] x|l X%xﬂa-}

b 9 A9 A E e FAMS 52 e S o, Al ]

Q)= CDase 7| fA0] Q& 7 0 & ksl SHA 22
A

SPCD RZixle| 22d ! el

SPCD2] -2 f74AHNP_269429.1)% 1,7017]2] @7] Al
AR o] FoIAH, F5677]2] ofu| At 271 & rEststar 9L

ThMA 242 DAVFNH 324 GWRL.DVANE 357 :!IWH 419 LLGSHB
BHCD 240 DAVFNH 322 GWRLDVANE 355 EEWH 417 LLGSHD
LICD 245 DAVFNH 335 EWRLDVANE 368 EIWH 430 plIjuSHD
LLCD 252 DAVFNH 342 EWRIDVABE 375 HYWH 437 [TiNSHD
LGMA 243 DAVFNH 332 EWRLDVANE 365 EIWH 427 piIjuSHD
355 HYWH 417 LI{NSHD

SPCD 241 DAVEFNH 322 GWRLD

N-domain

I Iror 1Iv

Fig. 1. Comparison of conserved amino acid sequences among CDase-
family enzymes. ThMA, Thermus MAase; BHCD, Bacillus halodurans
CDase; LICD, Listeria innocua CDase; LLCD, Lactococcus lactis CDase;
LGMA, Lactobacillus gasseri MAase; SPCD, Streptococcus pyogenes
CDase. Catalytic amino acid residues are indicated with closed circles, and
non-consensus residues are shown in black boxes.
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Fig. 2. Gene expression and purification of SPCD from E. coli. SDS-
PAGE analysis showed the expression level and the purity of SPCD from
recombinant E. coli. Lane M, protein molecular weight marker; lane CE,
cell extract from E. coli harboring pHCXSPCD; lane PE, SPCD purified
by Ni-NTA chromatography.

t}. 22 9 HAE SPCD-N 2 SPCD-C Za}o|u] & o] 83}
PCRZ ZZ35}0] oF 1.7 kb2] SPCD -2} THH-S Ao,
0|5 A|$tA A Nde 13} Xho 102 %25 %, pHCXHD el )
gl ol 445t pHCXSPCDE A %51t} pHCXSPCD7} 3
AABLE E. coliZ vl oFs}o] 712A] whtho] 67)] 2] histidine ZF
717} A%FE Fej o] %3 SPCDE PGtk Ni-NTA L &20bE
:LEH 92 3] FA|E SPCD f:2] 17]Z SDS-PAGER &
A3t A3t 7| Q25 of gt uiel o] of 67 kDao T
w2l 0] A2 A 0 & uhe W HA E] 98-S &l5l 9l thFig. 2).

SPCD2| =gt 1=

olu| Al A g 2 EE AAFE SPCD monomer 2] EA}-2
66,820 Dao]l o™, GPC A& &3 A4 = A %3 SPCD
O] FAFE 147,120 Dao] itk whebA] SPCD= =89 Hjof
4] homo-dimer FE| 2 AT A S2 o5l thFig. 3). &
B sZbe)Ad Mot Bacillus sp. 1-5 (Lee et al., 2002)2} B.
clarkii 7364 (Nakagawa et al., 2008) -3-2] CDase 2] 73-2-, 67}
9] dimer”7} .9 dodecamer -%5 FAJsHch A o),
A& o] CDase A8 E4AE-2 52 homo-dimer FE| 2 24
5= 7102 1 1% 9l tHPark ef al., 2000). O] 4 0] ofu]
= ahchollis oF 100-1307]9] opu]eAto @ AE 7.8.9]
N-domaino] ¥ 0.2 EAjsto] BEA| 29 Ao T8
7 olare sh, o) Bgol 4 BAE F e Fele) 711 A
T3g) F7h o] 7)4 Sol 4 d b Aol FFE v

Ol

U.V. (mAU)
8
L

20 4

Elution volume (ml)

Fig. 3. Determination of quaternary structure of SPCD. Molecular mass of
SPCD was estimated by Superdex-200 gel permeation chromatography.
The purified SPCD 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); ¢, a-amylase (200
kDa); d, alcohol dehydrogenase (150 kDa); e, bovine serum albumin (66
kDa); f, carbonic anhydrase (29 kDa).
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= Ao 7 dHFHKKim et al., 2001; Hondoh et al., 2003; Lee
etal.,2002). SPCD%E CDase A€ 84 &-3-2]N-domains 7}
A, o1& F3f ¢+ 4 Q1 homo-dimer 25 B/Jdt= A2

2 o5t

(A)
100 1

80 -
60 -

40 -

Relative activity (%)

20 -

30 35 40 45 50 55

Temperature (°C)

—_
=)
~

1004 —*— Sodium phosphate
—0— Sodium acetate
—o— Borate-NaOH

80 -

Relative activity (%)
3

40 4
] O\O
0 T T T T T T
4 5 6 7 8 9
pH

Fig. 4. Effects of reaction temperature (A) and pH (B) on 3-CD-hydrolyzing
activity of SPCD. Optimal temperature was determined by measuring
enzymatic activities at various temperatures in 50 mM sodium phosphate
buffer (pH 7.5). For pH omtimum, enzymatic activities were measured at
various pH and 45°C.

Table 2. Multi-substrate specificity among various CDase-family enzymes

SPCDO| 54 EXA

A £3}FSPCD= B-CDE 7|4 = g uff, 45°Cof| A 2| 243
< yehfglony, 35°Cs} s5°Col Al Zkzt A e o)
29.9%2} 15.4% 9] W2 242 5§ 0 H(Fig. 4A), ©]+=SPCD
O w2 Akl 719lsh= ALz o gttt 3HE 50 mM
sodium phosphate buffer (pH 7.5)o| A 714 =2 3-CD 748
8 2/de E3levk pH 7.0 B! pH 8.0 4 22 pH tjv]
55.0% 2 45.2% 2] 22 At 2Hd-& et Qlck(Fig. 4B). Wt
%pHoﬂ st g4 pH 7.0-9. 07tA Q] 4 W 7|4 o
Aol A AN O L, pH 6.004 71.2%2 A3 pH
5.00] 4= 47.9%712] 7F2 319 TH AR n] A A). o] =
2] n|AYE G2 CDase AY f47}40-60°C, pH 5.5-8.09]
2] 2] Wk-g-274-8 71X H(Park et al., 2000), SPCD E3H-5-Aet
24 228 e gloh A4 o R 2 9 pHof uje} &

o] IA| Hashe HollA Aol & H At

SPCDO| 7| E0jM L 7-E5H EA

CDase A€ 9] 4= (3-CD, pullulan, starch, maltooli-
gosaccharides ¥4} o} 2 acarbose 5 TFFg Ehe3lE 714
2 71583t 4= Ik, TRoFat 7] o] 3 SPCDE] A48
= 5745k, 7|&0] A7-E CDase AlE A457 S Bl
SH3ithTable 2). A4 FAR; Ao A o 4fgt uiel o,
SPCD+= B-CDoj| s} 7He & &/d-& UEl= CDase 7|
g G40 UdlF ol EAL Wl o) 71 Ao starch 715
3l A oiH] 660.18] 2 uj- o} 4.7-82.54] ~==2] t}=
CDase a0 H|3l] & Z}o] & E T} 7 pullulanof thgh
Feebial B0l uh$ WobA AAIZH IR Fo B4 24
HE BA4]o] 7155t =520tk
7} 7| 2 RE QA 9RSAHES TLCE BA51o] SPCD
Ba|E A 39151 tKFig. 5). SPCDE B-CD2] 3
& 125 endo-8 0.7 A5t 771 9] glucose = A 2] 2]

£ wejs

Specific activity (U/mg)* Activity ratio
Enzyme -CD Pullulan h Maltotri A

zy B( g) u( 111) al St(asr;: al El(\)/ir) ose cz(irAb)ose cs PiS M/S M/A
SPCD 336.4+29 0.03+0.01 0.5+£0.0 0.6=0.0 6.5+0.2 660.1 0.1 1.2 0.1
ThMA 65.2+0.9 5.0=£0.1 4.4+0.1 489+0.3 273+03 14.8 1.1 11.1 1.8
BHCD 529+0.3 22.8+0.5 11.2+0.1 17.9+0.1 3.0+0.1 4.7 2.0 1.6 6.0
LICD 56.3+0.7 13.0+0.2 3.0+£0.0 77.9£0.5 1.6£0.0 18.8 43 26.0 48.7
LLCD 16.5+0.9 0.8+0.0 0.2+0.0 8.5+0.1 0.1+0.0 82.5 4.0 42.5 85.0

“Each hydrolyzing activity on 3-CD, pullulan, or starch was determined by DNS reducing sugar assay, whereas the activity on matotriose or acarbose was measured by GOD-POD

method.

&3l Al A|s3d Al3E
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Gl = - . - G1
GZH & » » »
G3 » . v AG
Ga B ® ’
G5 »
G6 »
G7 »
. KR L ]
M—+t—-+—+—-+-+
11 °bL—1°L1
C P S G3 A

Fig. 5. TLC analysis of hydrolysis patterns of SPCD on various substrates.
SPCD was reacted with 1% of each substrate: C, 3-CD; P, pullulan; S,
soluble starch; G3, maltotriose; A, acarbose; AG, acarviosine-glucose; M,
maltooligosaccharide standards, and the reaction products with (+) or
without (-) SPCD.

3 9] maltoheptaose 2 Z3talm, $& Bty S F3f 25
AHEE maltose, FAHERE glucose & AJ A5t} Pullulan 2
starchof] T3t 2Hd-2 Al & o =2 uj A9, 12417 935
E5f doj 7 FQ AR oAt} o] Z+ZF maltose 2} panose
Fom, A glucose S FAHEZ AYAISHI T Maltotriose 2]
BAHEL X2 O 2 glucose 2} maltose 2.1, maltose+—=
o o4 E-8l| =] 2] ¢k a1 S =] Ak, maltotetraose ©]/42] A
5 714 of| vlsl i H o2 W1 Belj& e VEhth 224
9 2 SPCD= a-(1,4)- 232 23)3}o] =2 maltose S A AJ 5}
= A% 2 Ql CDase A9 ] A4 o 4= U321, pullulan
9l starch@} -2 7122} 2314 7]2 2t} 3-CD FE= malto-
tetraose ©]4F9] oligosaccharides 7] & o) thsf A S =7} =2
i EAJL 717k E3] maltotriose 2} B 18 o] acarbose ]|
ofet Balah o] uh - S Fo]nl, 37)1 glucose 4%
maltotriose®]] gt 7}=-3l| &4d o] 3-CD L} acarbose o] H]3f
oA o 2 drolkrt. AukA l endo-3 2] a-amylase= &> 2
0] 9] oligosaccharides 7] o] tjslf Ao 2 G S S 5
o= A& 7ot wj(Park ef al., 2000), SPCD ¥ 3t maltotriose
ofste] AEAl 7] dof| & 2-§-51A] F5h= endo-% ©] CDase
= skt

o

SPCDe| &%o| £4

CDase 7|9 #4:2] 21%¢] ThMA, BHCD, LICD S-9] 54

3500

o-MG@

CH.OH
3000

HO

HO 1, Acarbose

HO HN- ¢
2500 He

HO o. OH
HO 2
(
2000 HO OH
O
HO
O]

1000 AG D‘&O
6 2 ]k AONOO
/ /

0 5 10 15 20

1500 Gl O

H

Response (nC)

Retention time (min)

Fig. 6. HPAEC analysis of acarbose transfer products. SPCD was reacted
with 5% acarbose (donor) and 10% a-methyl glucopyranoside (acceptor)
at 30°C for 24 h. a-MG, a-methyl glucopyranoside; G1, glucose; AG,
acarviosine-glucose; A, acarbose; TP6, a-(1,6)-transfer product.

ool A ¥k 7] of W= 7| /3 a-(1,4)- 27| Zo] 4
e AT E Al 5] RS = AR M 6] A/ o-
(1,6)- == 0-(1,3)- A 0] Ao YA =2 thAl ol = A] ghof
22 PAER ZFHKKim ef al., 1999). SPCD2] 70|
AL gelstalR}, FoJA 2 acarbose, 84| 2 a-methyl
glucopyranoside (a-MG)E ©|-§-3F g4l o] 9h-g-5 4=a45}aL, vt
$AH- HPAECE HAT}9ic). o] vhg-0 2 e olita-
(1,623 o Bo] ol o], AAero] TAE HEe
ule HARe0, a-(13) 2T Aol EL B st
(Fig. 6). Wr2bA] SPCD+= AN A 0 & =2 acarbose 715}
Shol vlal OIS e ke S| Fae A7,

SPCD] 79, ThE CDase A& f42} b= Ak A5 A o]
35% Y& 22 Holu, 53] 455721 I (GWRLDVANE)
9] alanine-asparagine ©}1] =4} k7] 7} serine-aspartate & 2|
shEjo] 9L, ek TR ofnlieAt T7]Q1 AHERS I
(EIWH) 9] glutamate2} 917435} isoleucine %717} asparagine
o 8 A2 o] Qe 5 AR Aol Al F2s] AhEskE 4= Q)
thFig. 1). 53], A-5-9] 1= ThMA 9] 7h=58f 9l o]
Y 2o Fagt S-S sk A o2 4 A L om(Kimer
al., 1999), T3k acarbose Q] 71=E&l EAJo| = FEFS FE= A
©.2 B 1%|9tHOh ef al., 2008). TEHA] SPCD £-4-9] 742
2o Solut vhe gaio] Bhe) ol42 Awa}] 9l of
23k ofu]ieAl 27]0] gt Bl FEHY Qd7E 27l 2
% o], CDase A2 74:9] 7)1 Sold W o] S
Toloiiz o4l oful it ] Qo) BEl Bak B s
3 Aol
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o
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Streptococcus pyogenes ATCC 700294 -3 4| 25-E cyclo-
maltodextrinase (SPCD)& A== GHAE wHASHA T
SPCD= % 567702 oFn| i Ako 2 o] =071 66.8 kDal] & 4
ojr, 7]&o] &%l CDase AlE & A5 37% v|vte] ofn
eqt A E S 7RItk 2 Ato A= SPCD F-3AE &
2Ydtgon, A oA 7HEA] Wokol 671 €] histidine
Z717F AgtE dimer FEf 2 2 @ A A E] Atk SPCD=pH
7.5, 45°CE| REg27A o] S-S e e, B-
cyclodextrin, starch, maltotriose & 7] 2 HI-2-3}¢] maltose
£ FAE 2 AT L] T3t pullulan panose T 2 —‘.ﬂ—ﬁﬂ
3}, acarbose S glucose®} acarviosine-glucose 2 71=E-3]|
3= CDase A€ 2] a4 2 ERIE Ut 181}, SPCD=tHE

g Ao B]3]| AEA} ARl B-cyclodextrino] Tl &4 o]
w37, starch ¥ pullulan®} Z-2 1122} 7] A o) off 3 mjj-¢-

o S-S 1 QI ESF maltotriose 35 o] w2
¥ acarboseo]| T8 A4 0 & =2 Jl4=Ea A4S 71X
U, 0] 892 v 9 Yol ThE CDase A 457 714
e,

ZALe| &

o] =R 2014 % S5
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sk SHE AT A YA 0] AT

References

Altschul, S.F., Gish, W., Miller, W., Myers, E.W., and Lipman, D.J.
1990. Basic local alignment search tool. J. Mol. Biol. 215, 403~
410.

Cha, HJ., Yoon, H.G., Kim, Y.W., Lee, H.S., Kim, JW., Kweon, K.S.,
Oh, B.H, and Park, K.H. 1998. Molecular and enzymatic
characterization of a maltogenic amylase that hydrolyzes and
transglycosylates acarbose. Eur. J. Biochem. 253, 251-262.

Feederle, R., Pajatsch, M., Kremmer, E., and Bock, A. 1996. Metabolism
of cyclodextrins by Klebsiella oxytoca m5al: purification and
characterisation of a cytoplasmically located cyclodextrinase.
Arch. Microbiol. 165, 206-212.

Ferretti, J.J., McShan, W.M., Ajdic, D., Savic, D.J., Savic, G., Lyon,
K., Primeaux, C., Sezate, S., Suvorov, A.N., Kenton, S., ef al.
2001. Complete genome sequence of an M1 strain of Streptococcus
pyogenes. Proc. Natl. Acad. Sci. USA 98, 4658-4663.

Fiedler, G., Pajatsch, M., and Bock, A. 1996. Genetics of a novel starch

&3l Al A|s3d Al3E

utilisation pathway present in Klebsiella oxytoca. J. Mol. Biol.
256, 279-291.

Gopal, S., Berg, D., Hagen, N., Schriefer, E.M., Stoll, R., Goebel, W.,
and Kreft, J. 2010. Maltose and maltodextrin utilization by
Listeria monocytogenes depend on an inducible ABC transporter
which is repressed by glucose. PLoS One 5, €10349.

Henrissat, B. and Bairoch, A. 1996. Updating the sequence-based
classification of glycosyl hydrolases. Biochem. J. 316, 695-696.

Hondoh, H., Kuriki, T., and Matsuura, Y. 2003. Three-dimensional
structure and substrate binding of Bacillus stearothermophilus
neopullulanase. J. Mol. Biol. 326, 177-188.

Jang, M.U., Jeong, C.K., Kang, H.J., Kim, M.J., Lee, M.J., Son, B.S.,
and Kim, T.J. 2016. Gene cluster analysis and fuctional cha-
racterization of cyclomaltodextrinase from Listeria innocua.
Microbiol. Biotechnol. Lett. 44, 363-369.

Jang, ML.U., Kang, H.J., Jeong, C.K., Park, J.M,, Yi, A.R., Kang, J.H.,
Lee, S.W., and Kim, T.J. 2013. Enzymatic characterization of
Lactococcus lactis subsp. lactis cyclomaltodextrinase expressed
in E. coli. Korean J. Microbiol. Biotechnol. 41, 391-397.

Kaulpiboon, J. and Pongsawasdi, P. 2004. Expression of cyclodextrinase
gene from Paenibacillus sp. All in Escherichia coli and
characterization of the purified cyclodextrinase. J. Biochem.
Mol. Biol. 37, 408-415.

Kang, H.J., Jeong, C.K., Jang, M.U., Choi, S.H., Kim, M.H., Ahn,
J.B., Lee, S.H., Jo, S.J., and Kim, T.J. 2009. Expression of
cyclomaltodextrinase gene from Bacillus halodurans C-125 and
characterization of its multisubstrate specificity. Food Sci.
Biotechnol. 18, 776-781.

Kim, T.J., Kim, M.J., Kim, B.C., Kim, J.C., Cheong, T.K., Kim, JW.,
and Park, K.H. 1999. Modes of action of acarbose hydrolysis and
transglycosylation catalyzed by a thermostable maltogenic
amylase, the gene for which was cloned from a Thermus strain.
Appl. Environ. Microbiol. 65, 1644-1651.

Kim, T.J., Nguyen, V.D., Lee, H.S., Kim, M.J., Cho, H.Y., Kim, Y.W.,
Moon, T.W., Park, C.S., Kim, J.W., Oh, B.H., ef al. 2001.
Modulation of the multisubstrate specificity of Thermus malto-
genic amylase by truncation of the N-terminal domain and by a
salt-induced shift of the monomer/dimer equilibrium. Biochemistry
40, 14182-14190.

Lee, H.S., Kim, M.S., Cho, H.S., Kim, J.I., Kim, T.J., Choi, J.H., Park,
C., Lee, H.S., Oh, B.H., and Park, K.H. 2002. Cyclomaltodextrinase,
neopullulanase, and maltogenic amylase are nearly indistinguishable
from each other. J. Biol. Chem. 277,21891-21897.

Miller, C.L. 1959. Use of dinitrosalicylic acid reagent for determination
reducing sugar. Anal. Chem. 31, 426-428.

Nakagawa, Y., Saburi, W., Takada, M., Hatada, Y., and Horikoshi, K.
2008. Gene cloning and enzymatic characteristics of a novel
gamma-cyclodextrin-specific cyclodextrinase from alkalophilic
Bacillus clarkii 7364. Biochim. Biophys. Acta 1784,2004-2011.

Oh, K.W., Kim, M.J., Kim, H.Y., Kim, B.Y., Baik, M.Y., Auh, J.H.,
and Park, C.S. 2005. Enzymatic characterization of a maltogenic
amylase from Lactobacillus gasseri ATCC 33323 expressed in



Streptococcus cyclomaltodextrinase] A EA - 215

Escherichia coli. FEMS Microbiol. Lett. 252, 175-181.

Oh, S.W., Jang, M.U., Jeong, C.K., Kang, H.J., Park, J.M., and Kim,
T.J. 2008. Modulation of hydrolysis and transglycosylation
activity of Thermus maltogenic amylase by combinatorial
saturation mutagenesis. J. Microbiol. Biotechol. 18, 1401-1407.

Park, K.H. 2006. Function and tertiary- and quaternary-structure of
cyclodextrin-hydrolyzing enzymes (CDase), a group of multi-
substrate specific enzymes belonging to the alpha-amylase family.
J. Appl. Glycosci. 53, 35-44.

Park, K.H., Kim, T.J., Cheong, T.K., Kim, J.W., Oh, B.H., and Svensson,
B. 2000. Structure, specificity and function of cyclomalto-
dextrinase, a multispecific enzyme of the alpha-amylase family.
Biochim. Biophys. Acta 1478, 165-185.

Petersen, T.N., Brunak, S., von Heijne, G., and Nielsen, H. 2011.
SignalP 4.0: discriminating signal peptides from transmembrane
regions. Nat. Methods 8, 785-786.

Podkovyrov, S.M. and Zeikus, J.G. 1992. Structure of the gene encoding
cyclomaltodextrinase from Clostridium thermohydrosulfuricum
39E and characterization of the enzyme purified from Escherichia
coli. J. Bacteriol. 174, 5400-5405.

Shim, J.H., Park, J.T., Hong, J.S., Kim, K.W., Kim, M.J., Auh, J.H.,
Kim, Y.W., Park, C.S., Boos, W., Kim, J.W., et al. 2009. Role of
maltogenic amylase and pullulanase in maltodextrin and glycogen
metabolism of Bacillus subtilis 168. J. Bacteriol. 191, 4835-
4844.

Korean Journal of Microbiology, Vol. 53, No. 3



