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Crystal structures of a phosphorylase involved in degradation of human milk oligosaccharide
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Figure 1 GNB/LNB pathway of Bifidobacteria.

Wiz, BN I, HaOFAEmoLhicEEnd
AV dWEZ T LIRS R, —HOBEE (F230 Y —,
RN/R, A5 —2Y) OILHFIKIFZINB ZEZLA Y T
WENROSMELHNTIERL, TVT, 77074y
JVREREUNOIFFEY TIX LNB Z 584 ) dhEE R
O 5ot [11], LNB Z&IsA Y IHEME LI TE
952 EMHILNTVBEATIBEDE AL D
HTHD, b7 ¢ AAFEDHHELDORTREM Z/Rd —
BleEZ5NTN 5,

—7, RAFR)T—YOISH EEHEZFFEL LT, WK
IS BRI filid 2 7= i FFLEHTUEA Y JkE%
KEICAKTEZ T EFEFENS, AL, €7
« AAH O LNB B2 FIH U Tz a b (X7
0—2R) L HRFEN S KEICHES5NS GleNAe ZFR e L
T, 1kg LEDLNB 27 iRy kN TRBIC G AT 2 Hiffi
EHF LIz (121, @i DEEZ 572 LNB GRS tEh
SEEAT NI 25 mg T8 JTMZBZ %) Ml TREICHE
5N K50, SBOREHEEYEOERICKE  Hiik
T3 EEMENEV, RO T ¢ X AR AR E,
T OFTTHIS TRIAEIC IR - T



PF NEWS Vol. 27 No. 2 AUG, 2009

FiZ, ©7 4 XAEDLNB KR AKRY 5 —+H&, LNB
XL REHN T 7 FNE L — X (GNB: Gal-B
1,3-GalNAc) & Gal-lP & N- 72 FIVHZT 7 MY IV
(GalNAc) IchnV) YR fRTE 352 &b, BHETIE
GNB/LNB ;K A5k 1) 7 —+¥ (GLNBP) &HHETNT W3
[13]. GNB ZMGERREICHFIET X VNV ETH % L
FUCHEZEELTED, 70 XAFEE TN EY D
THEERNEELF > T3 [14], DD, E7 0 XAHER
C OEHFEEE (GNB/LNB & L MEENTWVD) ZHWT
t IV A IPED LNB & 5 LT 2 D GNB D /5
ZIANVF—HELTVEEEZLBNTWVS (Fig. 1), C
DORBFFERIE T + TARELANOHEDD S RIZEA LR
DO TR, ETANARFEERC LI, BERELTH
#7529 L)V a & (Clostridium perfringens) % GLNBP & X
AUFEBRZER>TWVWD, LhLFEWERC EIC (?), U
IV 2 W OfEHEE GNB EIE K DRI 2Dl L,
LNB 3 & ARtk e b [15], RIFLICEE
NZINBECOELEFZEHI L LdG0nEEDbN
%o TDOXIIC, GLNBP IFICH FEEGMETH ST
TixL, ZORBREMDO D AN ALZIASMMITS
T LI KO BNMIE OA Y TN 2 BhEREZ 15 FB)
Fiebnb, WADTIN—T1F, TOXSEHEHNMSEY
4 A AR D GLNBP O SHEIEMRNT 217 > T2 [16], ZD
WETIEREE T BT LIk T,

2. FEREEIBERIFICEIT 2EHE

GLNBP DFfEEHIWIIAR 7 ) — =V TR GIES T E
Too fbmLZefFI3 PEG3350 Z LA & L CaCl, 25 85
HhCcHoleh, EERMKETZETH 2B/ ZEL
FE ST IER PR BN IC GLNBP BB (A% &35 €2 2B T,
2.4 A DFREED XAREHT M S Nize MAEIEEL /) AFF
= ViE#RZ W e MAD £ THRIE LTc, T2 TIEHIC
A EDIROERIT TH > T2 L VWA B R T L
TENIAREEIE— R 2L anNU v T REBT— FDEDIR
9 Rossmann 7 4+ — )V RO XS ITHZAT=H, TNEZiESR
=T REED KBNS T « AL —&— Uiz “tifhklr” #hiE
THoleo FICHAZMERT=DIF N K 50 AN K
K LT\ &THb, NERI® CRIHRDTDETIV
MHDENT LIRS H S T LA, GLNBP DA, N
KIGEBIICHY § 201 E IO IEAFRENI D) I NN
THD, NREMNIEEUFROIREEIC R > T e, #
B2 A U N RIG2HTT 5 &00E D N R i#Y 50 5
MR I VTEINTVBR T ENTh oz, TOIRRETIIE
RELTOERESBE->TED, ML I ARSI AE
BIORGETZ 512D TH %, MEEREN D T OREEIET S
ECHNEZELT,

TEMER ORGSR 2 His L CHESRERFORE R
T\, PEG4000, Mg(NO,), 2 i\ /e e fh 2 %7, T O
FMETFTIRREVKRICE 3 B THlRRENBR I N,
T OFEG S 2R C2 ThH o MNIERIREALIC 2 57D
GLNBP 77 ¥ 72 & A Tz, #IHRICTYE L7z GLNBP #it 7%

19

RRILDBIZEN 5

FAWTHFEHTEIC K O RREZ AR T D £ 0k
hole BRITIES>THhoTzT eizh, TO/MEmDHIY A
VTHoT). TTTHEYL / AFAZVEBRKE WV
T MAD ETCHMHZREL, ZIELEOMERRETE,
Z DOVAREEE TIM SL)L T +—)L REH LT\ (Fig.
2A BHR) . N Kl 50 5 TIM N LIUVESE R TERLT % 8
FHD Bro HEIED 1-3 FHENCHY LTz, HIHHOREIRN
LIVO—EhENEEE R TWDTH B, Bzt &
I, GLNBP O#itild Thermus thermophilus FHAEDTTEVE p-
A7 b Z—BERBUUEERE LTV, FETD
A7 sy Z—POMEIX 2002 4, FE5HEDRTL
RS TH S [17]e FRMEDEWV & E > Thhi 7z GLNBP
DREGEIRHT IS B 79 DT L IeiiEic B R LTz
LWV, £5T "FORT ZEVEIEIES XD AR E
EoTLE o7z,

X T, GLNBP DRt O IZ T 72T TKRD S
T o Tze ROSFFEPEERHAMICET 2 A 2155 2
DICEE, EESHROIERZi AT, ZOBRMEE
o leDlX, EEOEMBHICHEEN G- & TH
%o PAHIRE LR & A UM ThE b Z il ATz b, 13
ENTDRZEHEEPL DE DN D THoTz (UIHE EZ=EM
Bt 2 D E KB DOMNT, B=90.7° TH % 728 scaling
TRHETC2H PLAYHRITERE), TOZEMEETIRIER
FREALICE NS GLNBP d 4 707, BB N EHRER
& 443,000 ICHE R 7oAy, WESZAIKTH % GleNAc, GalNAc
DEERHEIIAG IS SN, —F, BEt54ATH S

)
AT
B Y165 I
F364 b L220

I Ethylene- G\ch

Q'VC‘(/ F228
Tyrsez.& -,
g oS,

R358

R210
F310 H460
w233
Figure 2

The crystal structure of GLNBP complexed with ethyleneglycol, nitrate
(NO;), and GlcNAc.

Overall (A) and active site (B) views. (A) TIM barrel domain (blue),
Ig-like domain (green), o/ domain (yellow), and C-terminal domain
(red) are shown. The ligands (magenta) and the catalytic acid residue
(D313, cyan) are shown as a stick model. (B) The protein residues
(green) and the ligands (yellow) are shown as a stick model.
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Figure 3

Reaction mechanism of GLNBP (top) and B-galactosidase from 7.
thermophilus (bottom).

The axial O4 hydroxyl of the $-galactosyl moiety is shown. (Top)
This enzyme is an anomer-inverting phosphorylase. The catalytic
acid is D313. The phosphorolytic reaction is thought to begin with
a direct nucleophilic attack by phosphate on the anomeric carbon
of the substrate, LNB or GNB. (Bottom) This enzyme is a typical
anomer-retaining glycoside hydrolase. The catalytic acid/base and
nucleophile residues are E141 and E312, respectively.
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Figure 4

Movement of GLNBP structure on ligand binding.

(Left) "Open" conformation of the ligand-free structure. (Right)
"Closed" conformation of the complex structure with ethyleneglycol,
NO,’, and GlcNAc. The ligands are shown as a space-filling model.
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