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The X-ray structure of the cyclodextrin-glucanotransferase of Bacillus macerans was solved by molecular replacement at 2.0
A resolution. The refined structure has a crystallographic R-factor of 16.6% (Rree = 20.5%). A new metal binding site
occupied by two Ca®™-ions was found at an accession channel of the active site. There is a large accumulation of negative
charges that bind these Ca*"-ions, thereby connecting segment $13-aG (residue 254-276) to the main body of domain A (at
aH, residue 283-297). The segment $13-aG contains the catalytic residue Glu258 between subsite 1 and -1 and Tyr280
{subsite 2) which is located at the entrance of the active site. The Ca®™-site 3a,b may have a major role for the activity and
specificity of this CGTase, although it is not even conserved for the a-subclass of CGTases.
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Cyclodextrin ghicanotransferase (EC 2.4.1, 19, CGTase): AFHA LA CGTase2] F2(6-15)= AoA E7AY
Agot olg) #BAF al,-4-glcan ZHE EA) 3o oAl Aol domaine 2 IR gltHFig. ta, b).

WSS Edte] a18)@ o) 39 cyclodextrin (CDYE WA ehe
WEE Suske Ea wr Aol REsEd (D)2 67, &
£ 87k} glucose unit (G6, G7, G YT FAH uzlde &u
3 saccharideol® W& o]Ri Y& FFEI2Y $of mi}
2Yz} q-, B, and v-CD&} AsfRTH1-4), T CGTases 317
sto] WS FoiE 2w o AEY (coupling) ¥R
BAZE Ao 9hg-g B8 BEF53l (disproportionation) 2]

WS B b B 988 SR s Ao
H3 GolA UTHS). B Age] 5 4ASE Aoz
£EY0] HYHOE 0§ A} o} o] Hiel HF AF
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Natural Science, Chonbuk National University, 561-756 Chonju, Figure la. A 2-dimensional rePresemanon of the.secondary structure
elements of CGTase from Bacillus macerans. Helices are represented

Korea by squares (red color) and f-sheet strands by bolts(blue color) and
el : +82-063-270-3418, Fax : +82-063-270-3408 calcium ion by circles (green color) The residue numbers at the
E-mail : hwchoe@ chonbuk.ac.kr domain borders are indicated.
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Domain A7} TIM-barreld #Asl31 9)1 domain B+ 7}
Z QA BAHA domain A9 7]1YA 901, domain CHA E
£ A3 e2 domain AR ZANE FFRE AL Uk
Bacillus cirulans 251 CGTase®] 7-%-o] domain E7} A&}
Agste EHez a8lxd i, AA 2 maltose 2 Ex}7}
A%t o A3 maltose A= domain Col] ZA¥HE o
A ATHS).

Figure 1b. CGTase backbone with important residues. Substrate
binding cavity depicted by green mask (Brown balls: Ca(l) top,
Ca(2) left, Ca(3a,b) right bottom).

7189 HIBAA] F& (a-glycosidic bond)ot 7344 ¢]
Tz FAE 3 FH 2R FTAE A& 27 A
g wg 717 @AY AL Walden A3hHo] AStE A,
glycosylase$} transferase F-FoJAe old w¥HE 7]2&o] %
HolA Qrks). aLdF o= FASE g-amylase= CGTased)
domain A°)A Co} F2AHoE FAAEL 7HAI Y3, ¥
7135 CGTased] ®HE 7|23 §A5TH16-18).  Bacillus
circulans strain 251 CGTased] 7% ZFuf o=
Asp229, Glu257 18]1 Asp328¢] domain Aol AX3 913,
Glu2570] GARF F7410, 11), 281 Asp2297} F7] B
A oz 833, Asp328-L 7| Adse ol B}
v Ao 49A Uk 24 %9 (domain A) Wl 712
2AFS sty nAF 714 67 E& 79 BAEHA &
A A A8 7)dd) digt FaF A A7t AdEA
A JrKi2, 13). Domain Aol sugar AFE-= T Hoje]
A9 2 BAY] sugar AF 5 AEE (132 "FA" 9
Aagtste 749 H53 A8 (1AM DE T3 Jvde
Aol EAoltt

CGTaseE Atold] vl A REH le 84 7419 4
Mol WEFE FA7)E camylaseENAE 2RAHA FEC.
Alkalophilic Bacillus sp 1011914 2ZA%E  CGTase:
Phe1837} Phe2597} 7 zoje] "irfret FHHo=z AYF
t} o]5& amylosed] Ml 94 ko] A FH9 FUol
A o 123 e ul F2F IS Pt Phe283
Hol Ateolde] ¢rdstel @S gtk Tyr195e wd
wgo] Bad ZAoez FA Utk olAL nIHE AT
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templates]) AHS-EThT AIFoA SITHIS).

g4 29 o 4709 histidine Z7] (His98, Hisl140,
His233, His 327)E°) Bacillus circulans CGTase®] 1]} 1t
o d$ F83 FAFL e o= dFHo AUTH20,
21). AulA o2 domain A2l A H9 <te] &4 CGTases
9] 714 e opdRaste] A3 FALL o {7IAEANA
A 93 FxNM F AEHAH ok 53, B
-CGTaseo] TIMT ©S F FHHAA Stk & AFoA
£ o, b, v-CGTase Afolo] Fol4le] Holgg F2A @
A B&s1A} 3o

EREE

s40 HABNE 58 @ 28

CGTasex B. macerans T35 IFO34909)A &) AA Y
1 BX= £33 APE CD)EWY 242 San &
Gramm(22)3} Lejeune 5(23)¢] W& AM&3t4th

HA)E CGTaseE centricon (Amicon)2 o83l 20
mg/mle] EEZ F=3al, 02 M NaCldt 5 mM CaClL e X
3hz 0.1 M PIPES &% &4 (pH 7.0)9 22%(w/v)$] PEG
6,0007 1 : 19] BI&E EF8}a] sitting drop vapor diffusion
Holl 3] o)X AR

Ca™-0129] HA

AoJA a-CGTase AAL CaCl, H4lo| EGTAY} 74 2
A3 gE=gde dAEZ wjo]EA ¥, EGTAY ¥x&
1-5 mM€ 3-590 AX @AEZ ZF7NAY slolEA 3
Ak AAY vloj=e AJzte] 39S 2314 ¥L& EGTAY
HAE Ut 2 mMSQ) 276N e AAS 4S5+ A
pei=g

X-ray Xtz 3

fE)o] B ARG 45 kV, 65 mA (200 micron)E ZHE
¥ FR 571 (Enraf-Nonius) rotating anode generatore]] 2jsj 2
A% CuKa radiation?} graphite monochromatorE A}
Mar-Research image plate scannerZ 35t A3 A&
= MOSFLM(18)# CCP4 suite®] SCALA/TRUNCATEES #
Al g Ttk

EX o 29 x2ia X0 MUs}

Bacillus macerans CGTase®] 7% AMHE Hdf A3 AHE
3 Bl Bacillus circulans®] CGTase TZYPU) 3A{gt
ol & uiEl ey £3YeR 37 A AMOREE
MA] R = 45.1%, com=0.54¢] §¢& Igg 24 =HQArh
ZA} Yo ZolA el YX)+ rigid body refinement R =
43.1, corr. = 0.63)°] <ol8t U2 /RAECE B YA
AA) F7re] AgEL program 09} A Hsh= XPLORE At
231 st Rt). Simulation®}t 1 &9 X9} dht S}
vel 25 9919 Adsl Adm Yl Eo| gie F
Z RIS lowCa” T2 Hx 2dax 88y, Ad
AF3 vl Zol AEst UL FHsIY. FrFez
Ca™-0] &9l Af Axst AYstA AdHATh Ca®'-0] Lo
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AE CGTase 9} Ca”-o]&o] QIE CGTased] T£9 HlLE
program, LSQMANZ} MOLEMANE o]£3fe $30&t9ict
Ca"-olo] e FZS EGTAE o|§3ta] Ca™-oleg
A FZ Alo] Aol oule FHHoA 04 A o]FE HY

£ Ao/t ve AR AT A4 Adst o3
A7 vrEAL 2E Y4 dF) 005 A o]se] RMS =}
ol Folxith. Aol masks} 7)@e] AL program,
MAMA S} NSCMASK-& H A 74kstgich

R

Bacillus maceranso| A £2] AA|3 o-CGTase A (0.3 x
03 x 04 m)<S orthorhombic space groupql P2,2,2,0]1
a=66.79 A, b=79.66 A c=141.16 Aol® 2.0 A9 RS
Btk 3399 T2E FYse d° Had AAHYH AR
£ Table 1ol Yl H}s’Jr 2t}

Table 1. Crystallographic data

CGT CGT+EGTA
Cell (P212:2; 1 moleculefa.u.)
a [A] 66.79 66.65
b [A] 79.66 80.10
¢ [A] 141.16 141.07
Data
NO. of obserbations 209344 95322
NO. of unique reflections 38315 20422
Resolution (last shell)[ A} 2.0(2.03) 2.7(2.76)
Completeness(last shell) [%] 88.7(83.1) 95.6(100)
Ruerge?  (last shell)[%]) 4.8(6.3) 9.2(15.6)
Model
No. of protein atoms 5229 5229
No of Ca2+ ions 4 2
No. of water molecules 358 107
Reec¥  [%] 20.5 229
Reys [%] 16.6 16.2
Rim,s deviations from ideality
bond distances [A] 0.011 0.006
bond angles [} 1.599 1.311
dihedral angles [’] 25.96 25.59
AB bonded(average B) [AY 2.2(13.1) 4.5(21.7)
Occupancy(B [A%)
Ca(l) 1.01(6.5) 1.06(29.9)
Ca(2) 0.89(4.9) 0.95(41.7)
Ca(3a) 0.94(7.9) 0.0
Ca(3b) 0.94(10.3) 0.0
Ramachandran geometry
Most favoured [%] 90.1 89.6
Additionally allowed [%] 9.6 10.1
Generously allowed [%] 0.3 0.3

¥ Ruege=100%*2Z | I - <I> — |/ 3 [ <I> | <I>=average Intensity
¥ Reee =100%*> | | Fol- IR /2] I K
5% of the reflections were used for Rge calculation
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2] CGTased] ofnj=At AM|FE wims] B, 2 2 719
COTasel ] 25 Al ohvlsetto] 4=} A B 3)
= ZAZo] ¢AHL: B-CGTase$} a-CGTaserfo]o] 3279
SU% AJo]HL p-CGTase’} HEAo] =& disulfide 2%
(RA7] 15-53, Ca™*-91x] )& AU = wdol B. macerans
a-CGTased A& o]d & Aol doso] glute Helo
o]l AL A|¢stnE a-CGTase?} B-CGTased| TRAA &
Al FEREE 3o|AS FolE 4 glo, v sy ¥
UZ2g 428 & 4 UMk oAl 23lA B macerans a
-CGTases] T-Zolle ¥A iz EdE ARR3td Aststs
T4 M2 Caz*-sue 30] Heixed, FUsie) AN Fol
ol 2709] Ca¥-o]2o] XN o}F sizte] QFSA AFH
o] Avke FojtiFig. 2).

Figure 2. Co-ordination in Ca-binding sites (H- and Ca-bonds dotted,
to water green, to Ca magenta, others gray a(top). Ca(l) with
important acidic residues(red) b(middle). Ca(2) with four histidine
residues(blue) c(bottom). Ca(3a,b) with highly negatively charges
residues).

©E B-CGTased] TZo)A ol & HEFo] Qe Ca™-2
& Age o4 shie Colee AAsn led, B
macerans 0-CGTases]A A2 @A® C-A% A=
Ca’-o]@o] X2 4 A9 1AL T3 "old Utte Rl
Fxo| BUE Aol o8 ForMrh Cal-o]eo] 3749
AL gE oprlingt A9 AFstan e FFE Bh
Clu292e 2709} Ca®-olexm ulFeg A Yu Glu292
9} Asp264 HIUIFOZ Zrgr ol ATST UYr YL
Bk wFoz AT e FAY ZAgd e M
o o8 T ZgolLo] AFHAA Y FAY Akast s
9] Ca’-olgo] A%Eln e WL Btk

oF Zo]| Qe Ca’'-3at 71302 Glu289sl Ags o]

I Ca¥-3be Tl wEF #Asn629t TS FAlEw
1:} oF &9] Ca'e Tld FH S0 SlE T Y B

HE zezz
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A7t FAHor AZE 1A wWYAE A B F
228 A WA wW3he ® o8 & BA (w39 Adstn
Asp299¢] Flotrd k4o AFHAA ok F WA E B
Z (w49l FZt=E Glu289-Oeo] ZF o] ok <AL
Asp264-N3} Glu2929] Z Al&d QA e & wiNH &

w15) 283 Ghu2859] 2E B (wifo] Z2FE 4 a1
209 B9 3 Rtk wg %9 Ca-ol (3 2 B
A & (w8, wi9e] AF B oh} Thr298-0%}
#Asn62-N§ 12)11 #Asn62-N3} Asp264-Nbo| 7}ze=z A
Fd 52282 4T 5 Y A2 FAGoZHA YT
EZ AN Ytk FREE AME o] ZH ol F9
o &9 AL @ olulat 2v|S0] WS ke A
o] th(Table 2).

Table 2. Ca-coorination(bond length

Ca(l) dist.(A) Ca@2) dist.(A)
D27-061 2.43 N139-N52 2.51
D29-O0 2.49 1190-0 2.51
N32-N62 237 D199-061 2.61
N32-061 2.26 D199-062 2.50
G51-0 245 H232-0 2.36
D53-062 2.42 wS-0 2.41
Ww2-0 2.37 w7-0 2.46

w8-0O 2.36

Ca(3a) dist.(A) Ca(3b) dist.(A)
D264-061 2.40 D264-061 2.68
E289-0¢2 251 D264-082 2.40
E292-0O¢1 245 E292-0¢2 2.44
E299-0¢1 2.58 E299-0¢2 247
E299-0¢2 2.62 w31-0 2.44
wd1-0 2.19 w32-0 235
wd2-0 3.02 #N62-O 3.24

a8 Qlsted |44 BE B13-aG 7} CGTased] X9 &4
¢l domain A (aH, Z7] 283-297)8} AZAH At} B13-aG
R g4 Ao 7ol fAXE subsite 13 -1 Z8]a
Tyr260 (subsite2) A}o}2] Zuf 2212 27| Glu258L ¥ g8}
3 Yok BlE a-CGTase F-FoAE & HEHI A= ¥
A9t Bacillus macerans CGTasedl|l4] Zo}lA Ca¥-91%] 3a,b7}
a-CGTase A% 9 o-CDE F2 QA7 EolAd Fa7
9BL 34 B Hu T3

o)l %8 AN F= 49 Ade Colee FEE
HEAIA 71 RolZ2H2EHY] A4S 487 A7 s
o] CD AA &3 Bolygd JTL mXe RS & &

9121t Table 3).

Table 3. Activity and Specificity as a function of Metallation+

Metallation Conditio a-CD, B-CD v-CD % Total activity %
10 mM EGTA 19

2 mM EGTA w0 0 0 98.1

. 53 34 13

dialyzed % 0»® 15 99.6
5mM Ca ¥ 45 23 12 100.0

10 mM Ca 44 2 14 106.8

20 mM C 45 41 14 103.

+ 30min reaction at 40°C
¥ purification condition, Reaction time 30 min. at 40C
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2 A9 Ba5S 7VX Bacillus maceranso)X B A
cyclodextrin glucanotransferase®] A% FZE X-rayE o]&43}
o 2 dAHE AMgste] ok A FE= 166%
Riee = 205%)2) AAH RfactorE 7M. Ytk FA4¢
Ca’"olgo] HAE A2 F& AFAYE B4 AdY =
2 Aol AU Caol o) AFshe &9 FAE
g oAt Ar)Ee] ®el dRAFHY 03 o] uf, domain A
(@HojA] ofmj=At 7] 283-297)¢] F41F-o] d4 FEL
13-aG o]tk B13-aG F-EE FA Aol g7l A
subsite 194 -1 3} Tyr260 (subsite 2)A}o]dl] Y& & FH
Glu2582 ¥3gstar ok HIE o-CGTase H-Holr & w=
go] YAE ok, ARE Ca’ A 3abrst o] a-CGTase
o] G} APEY Folgd Fad 9S =g 5
=l=g

& Al

B ATE 200395 &5 e IF A A A
44 AL @AW E KRF-2003-002-C00122)¢] A PO
sstgon 84 A% A Xo] DAL=k

Abbreviations

CD, ¢Gx : Cyclodextrin

CGTase : Cylodextrin glucanotransferase

EGTA : Ethylene glycol-O,0’-bis-[2-amino-ethyl]-N,N,N’,
N’,-tetraacetic acid

PIPES : Piperazine-N,N’-bis-[2-ethane

sulfonic acid] TIM : Triose isomerase

G6 : maltohexaose

G7 : maltoheptaose

G8 : maltooctaose
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