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Molecular and biophysical basis of cycloisomaltooligosaccharide recognition by a solute-binding protein

(solute binding protein |Z & HERIKA Y~ /b A Y IR OAWWELLR) )y 1 FHE)

ATP-binding cassette (ABC) b7 2 AR—F —IBAEMRAFISNIZA—/ =T 7 IV
—Thb, ZFESE Y B REERENI N ~ET 5, EE A ERENA~RET D BT AR
— B IR A IR — LTINS DN, FREAFAET D ABC A ViR— 2 — DA A VR
— = RIRLISMT, FERE A FE (Solute binding protein, SBP)/3 & £415, SBP [T4FRAIZY 4
VREFEA L, AV R—F—~HEH LT D LD, N T VAR X — OB RN A E
THHEELERAE CTH D, SBP ORI, 7 2/ BEEAOFENEIMENNC LD B3 K A1 4%
ERBEITRESNTWDETH D, ZHE TICE < OREHERET M TN TE 725 DD, SBP
PHEF LT DY T NIMEGFA A omnFEEWE CIRFICBIIIOI 5 Z &b, ik
(1« AL 2SO E 72 TRV,

ARFGETEB LY o R, BRA V<L b AU I (cycloisomaltooligosaccharide; CI)
X Gle 278 0-(1-6)-7'Y 22 FREEE B LTZERIRA Y THECTH D | Hi) gt R e 4R
THREREMEA Y TRECH D, CLIZ—FBONT T U T THEADNM LN TEBY , CL 7V ) T A
7 = 7 —Y(ClITase) D5 T-PHHEASIC LD TF A T U772 8D a-(1-6)- 7 VT U InbB AR EN D,
W, 77 LRaEVEIE Tepidibacillus decaturensis \ZC, ClTase B 172 & O CLAGHBEERESE D7
TERHALMNE 20T, ZIHDBIE T2 7 AX =TI, ABC b7 2 AR—4— SBP % LT
TXARNTF—EOBIGFNa— RENTWA Z &G, Tdecaturensis 1% Cl &A% L. AEFIH
THEHESND, L, CLBHIIENA~ED X D ITHRESN DD, £ ED L) 2k dk
SID DT IR ZFU TRV, RBFSETIE. Z @ SBP % ## Cl-binding protein (TdCIBP)
ThdEREL, ZDV H 2 RRpEM: L FEAHE O 218 U, Tdecaturensis O AT L
OHfRZHE LT,

CIBP DHEikAEZ T D72, KA L /R g L 5A8E Y 7 B W CEEERE
Hpv Y A b —(ITC)% i L7=, TACIBP (% CI7 & s #5A L. CI8 » CI9 738 Z AU\ V=,
FESA Y TFETIE, 1G7 15 IG3 THREADBIISIL. BEEOEW G OIF ERHABFEL R
VMBI AR LTz, eS| TACIBP (X CL SOHm EAE O 1G #38ifk T 2Rz o2 &2
ST o7, BRIRKE - SRR OMEIAE 2 0N T 5720, X B E iz L 0
CI8 BLWNIGT & DEA RIS Z TN E N0 RRE 1.60 A, 1.90 A [ZTHRIE L7z, CI8 TIL 8D
T RTOD Gle FATHY T 22 E TEENISE DO L, 1G7 TS 20 Gle XOHET
IUIZEREY LTz, BT /LS 5 BEO ARSI NE & i 2 AR E TR D el Sz
ZEMB. ZO 5 BEOWRIHIAFIET D Gle FDOEWFHMEIVRE Sz, U T Riga o)
7 BB CERESR SN2 HEEECLA O Gle fEIK E . BEOEMIZ ZEDMFAET DREMFE LTz, B
DETNZZEZN S DIZ b BT, & X7 EOSIEEIABE L ~LTlE & A E28 b3, Ml
$Gle DR U —7 FIRENE Z 5 Z & T, TACIBP [ZERIRME & ELEHHE &\ 5 MBI RE oD B
DV Iy R LRIl AND Z LN TE D, O BREE Sz TACIBP OFsfsE &



(CEERT X BT, CHRGHBHEE R 1 2 R SBEEOMIE O CIBP E v 7/ [ TR I~ AT

ENTWZ, ITC 76, Cl EDFEAIFT L —B LT h o v —DM G AR —F, 1G

EOREBIFFEL LT AN BB TH D Z EAVRSNT-, EEHREIED & ClITEAE%

9 BHREZMENIG LV /NS WAMREMEAVRIBE SN, S BIZCLT, C19 & OB ARG

BrofB RS B A XKL RBURBE OB AN BB S - —J7 . EEERRREALIE

RRESND Z ERH B E T oTz, ZHUH OFERIT, TACIBP N [AROBME TBRY A X2 R T
% B RRERIRE A T 5 ATREE A R T,

PLEDOFRER LV | TACIBP 75 CI RCHHRHIR E 724 Y~ )V NA Y TREZ 50T 5 0 7HéE
ZALNE Lz, ZOmWEERAHEIC LY, TdCIBP L 8§25 ABC 7 AR—Z—IZh
O OWEZ R PICERER D AT Z LS FREEHEE SHvD, SEBRIZ AlphaFold3 % VT ABC b
TV AR—H —OEERESEE TR LT 2 A, NIV AR—F—NIZRERBA S v BT 1 OFF
TEDVRIE STz, T OZERIE CL R IG Z R E 2 ke U ATREZR A X TH Y | i1
D72 Cl -+ 1G OEHEGIED FTREMEDHEE S 415,

AR TIX, 7TV TIZBT D CLED IABZBERED a2 Bl BT 5 2 &N TE T,
ZIVCIL. T decaturensis |2\ T CIXCIG D X ) 7SR & 7obi 2 SRk L, k4 5 =73
THA DD T decaturensis X, TdCIBP Ein+ Bz, UL V<L hTFF A KT F—F a2 o
— R T8I 28 LTV D, ZOREERRA V<)V T XA N7 —Bid, N KinOfg ~
AA L D—EERLS ZEMb, TXARNT URRCBW TR A B S e eBEx s, —
WA V= b T XA N TF—BIL 0-(1-6)-7 NV KGR L, <~/ ETHFA NI Vb
IG2 4T %, LonL., ZORKEIL T decaturensis \ZHEZE S TS CL 24T L7 ACHTRES & 1
FEL72W, INHDZ LG, T decaturensis 1 IE(LAINZ a-(1—6)-27 VT ARG RHAE 1G2 7>
5 CI «&%ﬁéﬁ ClTase 33 XU\ CIBP %453 L7-AlREMN B 2 B, ABC N7 2 AKR—X

—LEE, BE 15 FOREICE LT 2570 ATP Zi8ET 5, 2072, CLDO K 9 7 Rk& ik
7MK¢M:E&%AU Ll 1G2 D XD ANy Fa RN Y AT e & il LT, =X —2)
ROBIENSHRTHLAREMDN D, LIz > T, Cl 240 LIRS & CIBP {RIFATHRIEDS
MBI D Z LT, T decaturensis 13 X 0 ZNRHNZ~/V T H A R U HRORFREZFHT5
RIS 23 D ATREMEDS IR X s,

Chapters 1 and II describe the functional characterization of the cycloisomaltooligosaccharide-
binding protein TAdCIBP from Tepidibacillus decaturensis. Cycloisomaltooligosaccharides (Cls) are cyclic
oligosaccharides composed of glucose units linked by o-(1—6) glycosidic bonds and are produced by certain
bacteria from o-(1—6)-glucans. Genomic analysis of T° decaturensis revealed genes encoding CI metabolism
related enzymes together with an ABC transporter and a solute-binding protein (SBP), suggesting that this
bacterium utilizes CIs as carbon sources. In this study, the SBP encoded in this gene cluster was hypothesized
to function as a novel Cl-binding protein (TdCIBP), and its ligand specificity and molecular recognition
mechanism were investigated.

Isothermal titration calorimetry revealed that TACIBP binds CIs with degrees of polymerization of
7-9 with high affinity. Although TdCIBP also interacts with linear isomaltooligosaccharides, it exhibits greater
selectivity for cyclic sugars. X-ray crystallographic analyses of TACIBP in complex with CI8 and IG7 showed
that both ligands share a conserved recognition region deep within the binding pocket, while peripheral
glucose units adopt different orientations depending on the ligand structure. Despite these differences, the

overall protein conformation remains largely unchanged, indicating that TACIBP accommodates both cyclic



and linear sugars through flexible rearrangement of side chain-ligand interactions. Structural analyses of
complexes with CI7 and CI9 further revealed that while the orientations of solvent-exposed glucose units vary
with increasing ring size, the core recognition site is conserved. These findings suggest that TdCIBP
recognizes Cls through a hierarchical recognition mechanism that tolerates differences in ring size.

The high substrate-binding capacity of TdCIBP suggests that the associated ABC transporter may
directly import these oligosaccharides without prior degradation. Structural prediction of the transporter
complex using AlphaFold3 indicated the presence of a substrate-binding cavity capable of accommodating CI

and IG molecules, supporting the possibility of direct transport of intact oligosaccharides.



