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ABSTRACT

The structure of penta- to hepta-saccharides, generated by digestion of purified wheat-endosperm
arabinoxylan with endo-(1 —4)-#-D-xylanase and isolated by gel-permeation chromatography on Bio-Gel
P-6 followed by high-performance anion-exchange chromatography with pulsed amperometric detection,
was established using monosaccharide and methylation analysis, f.a.b.-m.s., and 'H-n.m.r. spectroscopy.
The oligosaccharides had a core of (1 —+4)-linked 8-D-xylopyranosyl residues 3- or 2,3-substituted with single
a-L-arabinofuranosy! groups, and gave 'H-n.m.r. spectra typical for each type.

INTRODUCTION

Arabinoxylans are found, among other polysaccharides, in the endosperm of
such cereals as wheat'?, oat?, barley’, rye®, and rice’. Wheat-endosperm arabinoxylans
consist of a (1-4)-linked backbone of f-pD-Xylp residues that are variously unsub-
stituted, 3- and 2,3-disubstituted®'°. Single a-L-Araf groups occur’'® as substituents, but
the methylation analysis data do not exclude a small percentage of 2-, 3-, or 5-
substitution'®. There is evidence'®'? for the occurrence of a 3-substituted, but not a
2,3-substituted, f-Xylp residue in arabinoxylan oligosaccharides. Little is known about
the distribution of a-L-Araf groups along the xylan core. Endo-(1+4)-f-D-xylanases
from different sources may be used for the degradation of the arabinoxylans, but they
can vary in specificity and thereby yield different mixtures of oligosaccharides. We have
used a purified endo-(1 —4)-8-D-xylanase from an Aspergillus species to degrade a wheat
arabinoxylan and have characterised the resulting oligosaccharides by 1D and 2D
(HOHAHA and ROESY) 500- and 600-MHz 'H-n.m.r. spectroscopy.
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EXPERIMENTAL

Preparation of (14 )-linked p-D-xylo-oligosaccharides. — The water-soluble
part (1 g) of commercial oat-spelt xylan® (Fluka) was partially hydrolysed with 3.5mm
HCI1 (100 mL) for 16 h at 85° under N,. The precipitated xylan (200 mg), which
contained Xyl, Ara, and Glc in the molar ratios 93:1:2, was collected by centrifugation
at 13,0009, washed twice with distilled water, lyophilised, and partially hydrolysed with
0.1 HC1 (12 mL) for 5 h at 85° under N,. After centrifugation at 13,0009, the
supernatant solution was lyophilised to yield a mixture (81 mg) of xylose and xylo-
oligosaccharides, which was fractionated on a column (100 x 1.4 cm) of Bio-Gel P-2
(Bio-Rad) by elution with water. Fractions with a d.p. of up to 8 were further purified by
high-performance anion-exchange chromatography (see below). The molecular weights
of the compounds of fractions 1-7 were established by positive-ion f.a.b.-m.s.

Preparation of arabinoxylan oligosaccharides. — The arabinoxylan fraction’
L-PP,, (370 mg), isolated from the tailing fraction of the white flour of the soft wheat
variety Kadet, was dissolved in 50mM NH,OAc buffer (pH 5.5, 200 mL) and the solution
was incubated for 16 h at 37°, with two aliquots of an Aspergillus endo-(1-—+4)-§-D-
xylanase (500 uL;2 x 10°U/mL, 1 U = 1 ug of xylose release/min at 40°, pH 5.0) being
added after 0 and 4 h. Cellulase, alpha-amylase, arabinase, and protease activities were
not detectable in the enzyme preparation. The solution was then cooled to 4°, passed
through a column (20 x 2 c¢m) of Dowex 50W-X8 (H*) resin (100200 mesh, Bio-Rad)
at4°, and lyophilised. The mixture of oligosaccharides was fractionated in four portions
of 90 mg on a column (100 x 2.5 cm) of Bio-Gel P-6 (200400 mesh, Bio-Rad) by
elution with water (24 mL/h, 4.0-mL fractions), and refractive-index monitoring,.

High-performance anion-exchange chromatography with pulsed amperometric de-
tection (h.p.a.e—p.a.d.). — A Dionex Bio-L.C quaternary gradient module was used,
equipped with a model PAD-2 detector, a preparative CarboPac PA-1 column (250 x
9.0 mm), and a Shimadzu C-R6A recorder/integrator. The detection by p.a.d. with a
gold working electrode and triple-pulse amperometry"* comprised the following pulse
potentials and durations: E, 0.05V, 300 ms; E, 0.65V, 120 ms; E, —0.95V, 60 ms. The
response time of the p.a.d. was set to 1 s. Samples were dissolved in H,O (500 xL) and
applied in five 100-xL portions. Elutions were carried out with eluent 4 (0.1M NaOH)
for 0.3 min, followed by a linear gradient to 4:1 eluent A—eluent B (0.1M NaOH
containing M NaOAc) during 40 min at 4 mL/min and ambient temperature. Fractions
were neutralised immediately with M HCI, lyophilised, and desalted on a column (60 x 1
cm) of Bio-Gel P-2 (200400 mesh, Bio-Rad), followed by a.column (10 x 0.5 cm) of
Dowex 50W-X8 (H*) resin (100200 mesh, Bio-Rad) at 4°, and lyophilised.

Monosaccharide analysis. — Samples (0.1 mg) were methanolysed (methanolic M
HCI, 24 h, 85°) and the resulting methyl glycosides were analysed by g.l.c. of the
trimethylsilylated derivatives'*'> on an SE-30 fused-silica capillary column (25m x 0.32
mm, Pierce), using a Varian 3700 gas chromatograph connected to a Shimadzu C-R3A
recorder/integrator.
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Methylation analysis. — Samples (0.2 mg) were reduced with NaBD, (10 mg) in
water (2 mL) for 16 h at ambient temperature, the pH was adjusted to 4 by the addition
of Dowex 50W-X8 (H*) resin (100-200 mesh) at 4°, and the solution was filtered and
lyophilised. Boric acid was removed by evaporation of methanol from the residue under
reduced pressure'®. Methylation analysis of the resulting oligosaccharide-alditols was
performed as described"”. Partially methylated alditol acetates were analysed by g.1.c. on
a CPsil 43 WCOT fused-silica capillary column (25m x 0.32 mm, Chrompack), and by
g.l.c—m.s. on a Carlo-Erba GC/Kratos MS 80/Kratos DS 55 system (electron energy,
70 eV; accelerating voltage, 2.7 kV, ionising current, 100 zA; CPsil 43 capillary column).

"H-n.m.r. spectroscopy. — Samples were repeatedly treated with D,O (99.9
atom% D, MSD Isotopes), finally using 99.96 atom% D at pD >7. Resolution-
enhanced 500- and 600-MHz 'H-n.m.r. spectra were recorded using Bruker AM-500
(Bijvoet Center, Department of NMR Spectroscopy, Utrecht University) and AM-600
(SON-hf-NMR facility, Department of Biophysical Chemistry, Nijmegen University)
spectrometers, operating at a probe temperature of 27°. Chemical shifts (9) are ex-
pressed in p.p.m. downfield from the signal for internal sodium 4,4-dimethyl-4-silapen-
tane-1-sulfonate (DSS), but were actually measured by reference to internal acetone (6
2.225 in D,O at 27°)'"® with an accuracy of 0.002 p.p.m.

Homonuclear Hartmann-Hahn (HOHAHA) spin-lock experiments were re-
corded using the pulse sequence 90°—¢—SL—acq'*?, wherein SL stands for a multiple of
the MLEV-17 sequence. The spin-lock field strength corresponded to a 90° pulse width
of 28 us and a total spin-lock mixing time of 105 ms. The spectral width was 2994 Hz in
each dimension.

Rotating-frame n.Q.e. spectroscopy (ROESY) involved the pulse sequence 90,°—
t,-SL-acq®, where SL stands for a continuous spin-lock pulse of 200 ms at a field
strength corresponding to a 90° pulse width between 110114 us. The carrier frequency
was placed at the left side of the spectrum at 5.7 p.p.m. in order to minimiss HOHAHA-
type magnetisation transfer. The HOD signal was suppressed by presaturation during
1.0 s. The spectral width was 3205 Hz in both dimensions.

For both HOHAHA and ROESY spectra, 512 experiments of 4K data points
were recorded. The time-proportional phase-increment method (TPPI)** was used to
create ¢, amplitude modulation. The data matrixes were zero-filled to 1K x 8K and
multiplied in each time domain with a phase-shifted sine function, shifted z/3 for the
HOHAHA and n/2 for the ROESY, prior to phase-sensitive F.t.

RESULTS AND DISCUSSION

Xylo-oligosaccharides. — The "H-n.m.r. signals of xylose (Xyl,) and xylobiose to
xylopentaose (Xyl, ), obtained by partial hydrolysis of xylan, were assigned on the basis
of 2D HOHAHA and ROESY experiments, except those for H-3,4,5 of the reducing
a-Xylp residue (Table I). These signals occurred in narrow regions (Xyl, J 3.58-3.68,
Xyl, ¢ § 3.73-3.82) and there were severe overlap and strong couplings. The signals of
the non-reducing end 8-Xylp residue in Xyl, ; were at higher field than the correspond-
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ing signals of the internal f-Xylp residues. Because of the a and § forms of Xylp-1, the
H-1,2 signals of f-Xylp-2 (Xyl, ;) were doubled (¢f. Table I). For Xyl, and Xyl,, a
doubling was observed for the H-3,4 signals of -Xylp-2. The 'H-n.m.r. spectra of
oligosaccharides with a d.p. >4 revealed that the signals belonging to the internal
residues, except the H-1,2 signals of f-Xylp-2, had the same chemical shifts. The
first-order coupling constants of the f-Xylp residues indicated the *C, chair conforma-
tions,

Arabinoxylan oligosaccharides. — The mixture of oligosaccharides, obtained by
digestion of arabinoxylan with endo-(1 —4)-f-D-xylanase, was fractionated on Bio-Gel
P-6 (Fig. 1), to give fractions 1-10. Fraction 1 was shown by h.p.a.e.—p.a.d. to contain
Ara and Xyl,—Xyl,, and fraction 2 to contain Xyl,—Xyl;. In addition, an arabinosyl-
xylotriose was detected in fraction 2 (data not shown). H.p.a.e—p.a.d. (Fig. 2) of
fraction 3 gave two major fractions, 31 (30%) and 33 (41 %), and two minor fractions, 32
(13%) and 34 (10%). Data on 31-34 obtained from positive-ion f.a.b.-m.s., mono-
saccharide analysis, and methylation analysis are presented in Table II. The oligo-
saccharides in 31 and 32 contained xylotetra- and penta-ose cores, respectively, with an
internal Xylp 3-substituted by a single Arafresidue. The oligosaccharides in 33 and 34
contained the same cores as in 31 and 32, respectively, but with an internal Xylp
2,3-substituted by single Arafresidues. The primary structures of 31-34 were elucidated
further by "H-n.m.r. spectroscopy.

Fraction 31. — The intensities of the signals for anomeric protons in the 'H-n.m.r.
spectrum of 31 (Fig. 3A) indicated' the presence of a single arabinosylxylotetraose,
AX-31 with the Xylp units § (J,, 7-8 Hz) and the Araf units « (J,, ~1 Hz). On the
various H-1 tracks of the constituent monosaccharides in the 2D HOHAHA spectrum
(Fig. 4), the total scalar-coupled networks of each residue were observed, and the data
obtained are summarised in Table III. Specific assignment of the a-Araf H-SproR,5proS
signals was based on their relative chemical shifts (J5,,,z > J,,.s) supported by the J,
values (J, 5, <Jasmos) - The ROESY spectrum is presented in Fig. 5 and the observed
n.O.e.s along the H-1 tracks are compiled in Table IV. The n.O.e.s between H-1 of

x W
I[\ 10 i) S | 8 | 4 1 & | 5 l4l3 Il 2 | ! ]
I i 1 T I ! 1 1 T 1
200 300 400 mL

Fig. 1. Bio-Gel P-6 elution profile of oligosaccharides obtained by incubation of arabinoxylan with
endo-(1 —»4)-8-D-xylanase. The arrows at the top indicate the elution position of gluco-oligosaccharides
generated by the hydrolysis of dextran, and the associated numbers indicate the d.p.
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Fig. 2. H.p.a.e—p.a.d. elution profile of fraction 3 from Fig. 1 on a CarboPac PA-1 column.

TABLE II

Molecular weight and number of pentose residues (in parentheses) as determined by positive-ion f.a.b.-m.s.,
monosaccharide analysis data, and methylation analysis data for the four h.p.a.e.~p.a.d. fractions derived
from fraction 3 in Fig. 1

31 32 33 34
Mol. wt. 678 (5) 810 (6) 810 (6) 942 (7)
Monosaccharide”
Ara 1.0 1.0 2.0 2.0
Xyl 4.0 5.1 4.1 52
Partially methylated alditol acetates®
2,3,5-Me;-Ara’ 0.7 0.9 23 22
1,2,3,5-Me4-Xyld 0.1 0.2 03 03
2,3,4-Me,-Xyl 0.9 0.9 09 0.7
2,3-Me,-Xyl 0.9 19 1.4 2.7
2-Me-Xyl 1.0° 1.0 + 0.Y
Xyl - - 1.0° 1.0°

“ Expressed as molar ratios relative to Ara. * Molar ratios. © 2,3,5-Me,-Ara = 1,4-di-O-acetyl-2,3,5-tri-O-
methyl-arabinitol, etc.. ¢ Because of the relatively high volatility of this residue, the value is lower than
expected. ¢ Taken as 1.0./ Both 2-Me-Xyl and 3-Me-Xyl were identified in fraction 34; the presence of
3-Me-Xyl can be explained by undermethylation.

B-Xylp-(n) and H-4,5¢q of f-Xylp-(n—1), together with the connectivity between a-
Araf-A*® H-1 and B-Xylp-3" H-3 establish the sequence of AX-31.

Comparison of the data for AX-31 with those of Xyl, (Fig. 3B and Table I) shows
nearly identical sets of chemical shifts for f-Xylp-1 and f-Xylp-2. Owing to the 3-
substitution of f-Xylp-3" by a-Araf~A*3, the signals of f-Xylp-3" are shifted downfield,
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Fig. 3. Resolution-enhanced 500-MHz 'H-n.m.r. spectra of fraction 31 (A) and Xyl (B), and the 600-MHz
'H-n.m.r. spectrum of fraction 33 (C). In B, the inset shows the expanded region for anomeric protons. The
numbers and letters in the spectrum refer to the corresponding residues in the structure.
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especially those of H-2 and H-3 (45 +0.151 and +0.194, respectively), whereas the
signals of g-Xylp-4 are shifted slightly upfield.

Fraction 33. — The intensities of the signals for anomeric protons in the 'H-n.m.r.
spectrum of 33 (Fig. 3C) indicated'® the presence of a single diarabinosylxylotetraose,
AX-33 with the Xylp units # (J,, 7-8 Hz) and the Araf units « (J,, ~1 Hz). On the
various H-1 tracks of the constituent monosaccharides in the 2D HOHAHA spectrum
(Fig. 6), the total scalar-coupled networks of each residue were observed, and the data
obtained are summarised in Table III. The ROESY spectrum is presented in Fig. 7 and
the observed n.O.e.s along the H-1 tracks are compiled in Table IV. The n.O.e.s between
H-1 of f-Xylp-(n) and H-4,5¢q of B-Xylp-(n—1), together with the connectivities
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Fig.4. 600-MHz HOHAHA spectrum of fraction 31. Diagonal peaks of relevant protons are indicated. The
numbers near cross-peaks refer to the protons of the scalar-coupling network belonging to a diagonal peak.



R. A. HOFFMANN ¢! al.

72

9ILE 66L°€ A Y06°€ 81y 96¢°S eV /eIy-2
6LT€ 116°€ $65°€ SIvE 1S ALY wry s-difx-g
00v'E Iy 1£8°¢ 8bLE b€ vISY oV aix-g
) ) ) . . 447 €-diAx-g
SLE'S 1) 06L'€ £65°¢ 062°€ T by -0k ZE-XY
8LE'S SSOPy 6LLE LPS'E 8T'€ 2184 1-diAX-§ m
I8EELE phs€ y81°S 1-diAx-»
Szi—ToOvTLe (0¢)g6LE SOEP (s9) 9g6'¢ 01 1~ vLes xcVA/RIV-2
ozr—-ve)zees (0¢) 818°¢ (1138 % (£9) 656'€ waosry 01~ vTTs oaV/eIy-0
S 11-"001) LLTE (s9) ve6'c 209°€ (€6)0Tr'e 06 sste (8'L) sty p-diAx-g
0Z1—-"¢'8) vep'e SH) spip §L8E L) zess (58 Tise (I'L) ov9t am-éx.n
. . . . . . . (S6)T6TE L) sovy TAEX-d £E-XV
B11—701) 8Iv'¢E €s)oviy £6L'E (€6) 795 ('6) 00E'E D) 99y g-dikx-g
(L11—°501) 8LE°€ (€°5) €50y YLL'E (T6) 8 (06) 0sT'€ 6L)ssst 1-diAx-¢
8E€LE 95'¢ Le) v8r's 1-diAX-»
TT—g)LiLe (Le) s6Le Uy (Ts) Lo6'€ WD ooty (01~) L6E'S x V/BIY-»
(@11—"9°01) 8L2¢ (A9XS (¥4 965'€ €6 sive e svTe 6L by p-dikx-g
S 11—%01) T0p'€E @oety 1€8°€ @e)6vL'e (0°6) ¥¥¥'€ ®L)¥ist .%-éx.u
oy e . ) . . (€e)Tsse (£'6) 162°€ WL 8Lvy T-dAX-¢
@I-"vonviee (€©9) 901'% teL'e (£°6) ¥SS5°€ (r'6) T0€'€ (L) sy *1-dihX- IE-XV
(L11-"%v01) 8LE€ (') ss0'y 8LLE (£°6) 8v5°¢ e 6vTe 6L) v8st 1-d14X-¢ m
BEELE SPS¢ e s I-dI8X-»
soidg-Fr/xec-fr  goidg-fi/bog-i vH &H -H I"H
( AUDISUOD Buydnoo) 1fiys poonuay ~rpsay Lpunodwor

uelAxouIqese Jeaym popeI3op AEONBWAZUD W01} PAALISP sapleydoes-elday o} -zjuad urjAxouiqete ay) 10 v1ep "I'Ur N-H;

1 314avi



73

'H-N.M.R. STUDY OF WHEAT ARABINOXYLAN OLIGOSACCHARIDES

‘zH u sdugdnoo

I9PI0-1S1Y PIAIISAO , (ZHIN 006 I® 1€-XV) ZHI 009 Ie pasinboe ‘.1z 18 0°A w1 (§7Z'T ¢ e 2u0ld0E [eurayur Suisn) ajeuoins-|-auejusdefis-p-[APSUNP-p'y WNIPOS
[ew1agul Jo euds ay) 03 saneje wed-d uf, ¢°z-O 1e payduLIq §-dIAY surawt e-dIKY ‘g0 18 paydueIq §-d1AY sueow pe-di£Y ‘T-O Je paydueiq g-diAY suesw ¢-djAY
“232 ‘g-dIK¥ JO 7-Q 01 PayUI| SSOUBINJOUIGEIE SURU - y-feIy *f 10 0 st anpisal [-d[AX Futonpar oy 1ey) ueaw %7 pue *g <212 1 pajouap st uopsod Supnpar ay)
uronpisal diky YL , ‘dIKX-g-(¢ « [)feIy-n* .\o ‘dIAX-g-(z~1)-fery-n* w Yery-0' O difX ‘ @ uonejou ofoquifs puey-110ys £q pajussaidai are spunodwo),

seLe
1TLe
68C°¢
ovt'e
(43 41
otr'e
8LE'E

YA
1TLe
8LTE
(4147
otr'e
8LeE
8LEE

oTL'e
L6T'e
eve't
(L1
SLE'E
8LE'E

LeL't
Lig't
896t
90t
Wiy
12454
¢so'y
[4: X3 YA

LoL't
L8
6’
wiy
124%4
wol'y
1391 4
(485 T

66L'¢
$96'¢
60y
wly
o'y
3904
[4: 55 YAAY

90ty £v6't
Ky 656't
(4423 ocy'e
gSLE we'e
yL8'E 6C8°¢
T6L'¢ 95t
0LL'E 9ISt
90tV 12133
91y 656'¢
665°¢ sir'e
¥L8'E 68’
TeL'c 95t
£8L°¢ [A%%%
OLL'E et
€LY (41}
079t sTr'e
(4723 8ESE
6C8't rL'e
06L't £66°E
6LL'Et LyS'e

991°¥
(1284
6yt
£8T°¢
ILS°€
06Tt
e
14297

21y
404
PsTe
1LS°€
06T’¢
687°¢
e
14493

(L4
8¥T'E
LLee
§24%
06Tt
8Tt
142 %1

eLTS
§TTS
1894 4
39 44
6£9°%
8or'y
12194
£81°¢

¢LTS
STTS
Lev'y
689’y
vy
sLv'Y
v8s’y
£81°¢

16¢°S
sty
19%'y
14004
LYY
v8s'y
¥81°S

E<.\S<.a
3<..\E<-u
s-diAx-¢
y-diAx-¢
mE-IAX-¢
T-aikx-¢
1-diAx-¢
1-diAX-»

!ﬂd? BIY-0
naVfeIy-2
§-diAX-¢
w¥-9AX-4
¢-dikx-g
Tdikx-¢
1-di4X-¢
1-diAx-»

na<.\5<-u
s-diAX-¢
y-dkX-4
oE-dAX-g
T-dikx-¢
1-dIKX-¢
1-diAx-0

oy

pt-XV

&

QE-XV

:




74 R. A. HOFFMANN et al.

il X . ""o ¥ppm)
i, ] @"";ﬂ!" .t
A
u . | W!”g, -
' { 0’11 St illag
i . o oF 0,
! ‘ "“M L . ‘}6‘)\’ o M fas
A3X3-H-1 3M-H-4 € \ ’,’ Lﬁiﬂm”“" T W
. * ]* o
b
(] | (X}
. Ce o
b : b 42
."rl K PR
14-H-1,31-H-56q 4-H-1,31-H-4 | s
oy o - w e
i W Py i
0 " 3H-1,2-H-5eq / a o e
3M.H-1,2-H-4  2-H-1p1-H4
F48
50
. r52
l ' " | 5.4
! A3_H.1,3ILH.3

5.4 5.2 50 48 48 44 42 40 38 36 34
Sp.p.m)

Fig. 5. 600-MHz ROESY spectrum of fraction 31. Only the inter-residue n.O.e. connectivities along the H-1
tracks are denoted and only the negative levels are given. A’ means x-Araf 3-linked to f-Xylp-3;
A*3_H-1,3"-H-3 means the cross-peak between H-1 of a-ArafA™? and H-3 of 8-Xylp-3", etc..

a-Araf-A>™® H-1,8-Xylp-3™ H-2 and a-Araf~-A*? H-1,4-Xylp-3™ H-3 established the
sequence of AX-33.

4 3 2 1
B-Xylp-(1->4)-f-Xylp—(1-4)-B-Xylp—(1-4)-Xylp
o-Araf(1-3)
A3X3  a-Arf(1-2)
A2X3
(AX-33)

Comparison of the 'H-n.m.r. data of AX-33 with those of AX-31 (Table III)
shows significant downfield shifts of the 8-Xylp-3"™ H-1,2,3 signals compared to those of
B-Xylp-3" H-1,2,3, in accordance with the 2,3-glycosylation of g-Xylp-3™. The inter-
residue connectivities A¥*-H-1,A®*-H-2 and A3-H-1,A™-H-2 can be explained on
basis of the 3D structure. The 2,3-glycosylation of -Xylp-3™ by a-Arafresidues affected
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TABLE IV

Cross-peaks observed at the H-1 tracks in the ROESY spectra of arabinoxylan penta-to hepta-saccharides,
measured with a mixing time of 200 ms

Compound Residue N.O.e. effect
AX-31 Xyl-2 H-1 Xyl-2 H-3,5ax; Xyl-18 H-4,5¢q
Xyl-3T H-1 Xyl-3" H-3,5ax; Xyl-2 H-4,5¢q
Xyl-4 H-1 . Xyl-4 H-3,5ax; Xyl-3™ H-4,5¢q
Ara-A™ H-1 Ara-A™ H-2; Xyl-3" H-3 4(very weak)
AX-33 Xyl-2 H-1 Xyl-2 H-3,5ax; Xyl-18 H-4,5¢g(very weak); Xyl-1o H-4
Xyl-3" H-1 Xyl-3" H-3,5ax; Xyl-2 H-4,5eq
Xyl-4 H-1 Xyl-4 H-3,5ax; Xyl-3™ H-3"4,5¢q
Ara-A™ H-1 Ara-A™3 H-2; Ara-A%® H-2; Xyl-3™ H-2
Ara-A** H-1 Ara-A™ H-2; Ara-A®™® H-2; Xyl-3™ H-3,4(weak)"
AX-32a Xyi-2 H-1 Xyl-2 H-3,5ax; Xyl-18 H-4,5¢q; Xyl-1a2 H-4,5
Xyl-3 H-1 Xyl-3 H-3,50x; Xyl-2 H-4,5¢q
Xyl-4" H-1 Xyl-4" H-3,5ax; Xyl-3 H-4,5¢q
Xyl-5 H-1 Xyl-5 H-5ax; Xyl-4" H-4,5¢q
Ara-A™ H-1 Ara-A™ H-2; Xyl-4" H-3
AX-32b Xyl-2 H-1 Xyl-2 H-3,5ax; Xyl-18 H-4,5¢g; Xyl-1x H-4,5
Xyl-31 H-1 Xyl-3% H-3,5ax; Xyl-2 H-4,5¢q
Xyl-4 H-1 Xyl-4 H-3(weak), Sax; Xyl-3" H-4,5¢¢
Xyl-§ H-1 Xyl-§ H-5ax; Xyl-4 H-4,5¢eq
Ara-A™ H-1 Ara-A™ H-2; Xyl-3" H-3
AX-3a Xyl-2 H-t Xyl-2 H-3,5ax; Xyl-18 H-4,5eq(very weak); Xyl-1« H-4,5
Xyl-3 H-1 Xyl-3 H-3,5ax; Xyl-2 H-4,5eq
Xyl-4™ H-1 Xyl-4"™ H-3,5ax; Xyl-3 H-4,5¢q
Xyl-5 H-1 Xyl-5 H-3,5ax; Xyl-4™ H-4,5¢q
Ara-A™¢ H-1 Ara-A™ H-2; Ara-A™ H-2; Xyl-4™ H-2
Ara-A%*¢ H-1 Ara-A™ H-2; Ara-A% H-2; Xyl-4™ H-3,4(weak)”
AX-34b Xyl-2 H-1 Xyl-2 H-3,5ax; Xyl-18 H-4,5¢q; Xyl-12 H-4,5
Xyl-3m H-1 Xyl-3™ H-3 Sax; Xyl-2 H-4,5¢q
Xyl-4 H-1 Xyl-4 H-5ax; Xyl-3™ H-4,5¢q
Xyl-§ H-1 Xyl-5 H-5ax; Xyl-4 H-4,5¢q
Ara-A™ H-1 Ara-A™ H-2; Ara-A™ H-2; Xyl-3™ H-2
Ara-A3 H-1 Ara-A® H-2; Ara-A®™ H-2; Xyl-3™ H-3,4(weak)®

2 Cross-peak is a relayed ROESY contact, caused by spin diffusion due to the small chemical shift difference
between H-3 and H-4 of the double-branched f-Xylp.

the *C, chair conformation, which was reflected by the change in the *J values of
B-Xylp-3" relative to those of un- or mono-substituted f-Xylp residues (cf. Table III).
The small differences in chemical shifts between the signals of 8-Xyip-2 in AX-33 and
AX-31 may have been due to backfolding of the 2-linked a-Araf~A residue along the
xylan-backbone.

The Xylp-(n) H-1,Xylp-(n—1) H-4 and Xylp-(n) H-1,Xylp-(n—1) H-5¢gn.O.e.sin
the ROESY spectrum of AX-33 (and also in that of AX-31) had comparable signal



76 R. A. HOFFMANN et al.

! ) e it 8(pp.m.)
d ol w8 d W M’
'{' ;ﬂ o " M:.u’*’ !‘d" “” 34
1 Rl %
i'v o y “ Mw "( 'ﬂ)” 36
W
b i &
bt i " ‘" o b 3” f ’H’H' wl | ae
el
ay
' ,;: L 'go ’ 0‘. » L a0
i [ L] ) ) "
, R -l.-ibi‘r ) o . "
"
B—XI-4Hl1“ » 5 o 2" P O Sax
yl-4 H-1 — %9 5eq 4] {302,
B-Xyl-2 H-1 M::::::::::::::il'-:::::::::'.'.':::#::::‘-J:!‘!'_:'-'Lm—'_‘_‘!?;z‘fﬂ
P HH1x,. ......................... et i T O
1-# [3 - -,
B-Xy i Seq | TR TEa
4 3
\4144 4.8
i 9-56q,5ax 50
a-Ara-A23 H-1 i » 4 35 i
o SN L b ”'\",F'- _________ 2 ss
A AT M ----:j”“ ™ \\ Spros -
o-Ara-AsXS H-1 ,f 4 2 3 5p0r0R Spros o
i
S4 82 50 4B 46 44 42 40 38 36 3k

Fig. 6. 600-MHz HOHAHA spectrum of fraction 33. Diagonal peaks of the anomeric protons are
indicated. The numbers near cross-peaks refer to the protons of the scalar-coupling network belonging to a
diagonal peak.

intensities, which suggested that §-Xylp-(n) H-1 was positioned at similar distances
from B-Xylp-(n—1) H-4,5eq, so that, in solution at 27°, the xylo-oligosaccharides
adopted a left-handed three-fold helix conformation in line with that proposed for
xylan-hydrate on the basis of X-ray fibre diffraction data?.

Fraction 32. — The data in Table II indicate that 32 contained hexasaccharide(s)
built up from a xylopentaose core with an internal §-Xylp residue 3-substituted by one
a-Araf. The '"H-n.m.r. spectrum of 32 (Fig. 8) contains signals with different intensities
which indicate that two hexasaccharides were present. Two a-Araf H-1 signals are
present at 4 5.396 and 5.391, with relative intensities of 2:3. In the region for anomeric
protons, the 8-Xylp H-1 signals of AX-31 are observed but they have different intensities
with that at J 4.442 being lower. Additional signals are present at d 4.448, 4.461, and
4.482. The H-1 signals at & 4.442 and 4.482 have the same intensities as the a-Araf~A**
H-1 signal at § 5.396. The combined HOHAHA and ROESY data (Tables IIf and IV,
respectively) show that the signals at J 4.442 and 5.396 stemmed from the same terminal
sequence as in AX-31, i.e. f-Xylp-d(a-Araf-A¥**)B-Xylp-3", denoted B-Xylp-5(a-Araf-
A¥B-Xylp-4" in structure AX-32a (see below). The ROESY data showed that this
terminal sequence was not linked to a reducing xylobiose unit, as in AX-31, but to a
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reducing xylotriose unit, as is evident from the additional H-1 signal at § 4.482 which
stemmed from f-Xylp-3 (cf. Xyl, and Xylg; Table I). The signals of f-Xylp-1,2 have the
same chemical shifts as those of the corresponding residues in AX-31 and Xyl,. Based on
the 'H-n.m.r. data, the structure of the minor component (AX-32a) of fraction 32 is

5 411 3 2 1
B-Xylp—(1-4)-B-Xylp—(1-4)-B-Xylp—(1-4)-8-Xylp(1-4)-Xylp

o-Araf—(1-3)
A3X4

(AX-32a)

The major arabinosylxylopentaose contained a terminal unbranched xylobiosyl
group at the non-reducing end, characterised by the H-1 signals at  4.448 and 4.461 for
the terminal and penultimate S-Xylp residues, respectively (Table 1II). The ROESY
data (Table IV) show that the H-1 signal at § 4.461 has a cross-peak with H-4,5eq of the
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3-branched §-Xylp residue. Thus, this non-reducing xylobiosyl group was 4-linked to
the branched residue. The intensities of the H-1 signals at 4 4.448 and 4.461 are identical
to that of the x-Araf H-1 signal at § 5.391, showing that they are associated with the
same oligosaccharide AX-32b. The signals of f-Xylp-1,2 have the same chemical shifts
as those of the corresponding residues in AX-31, Based on the 'H-n.m.r. data, the
structure of AX-32b is

5 4 31 2 1
B-Xylp—(1-4)-B-Xylp-(1-4)-B-Xylp—-(1-4)-B-Xylp-(1-4)-Xylp

o-Araf~(1-3)
A3X3

(AX-32b)

Exhaustive digestion of fraction 32 with endo-(1 —»4)-f-D-xylanase yielded only
one hexasaccharide, the '"H-n.m.r. data of which matched completely those of AX-32b
(Table III).

Fraction 34. — The data in Table Il indicate that 34 contained heptasaccharide(s)
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built up from a xylopentaose core with an internal S-Xylp residue 2,3-substituted by
single a-Arafresidues. The 'H-n.m.r. spectrum of 34 is presented in Fig. 9. In the region
for anomeric protons, all 8-Xylp H-1 signals of AX-33 are observed, but they have
different intensities. As deduced from the relative intensities of the §-Xylp H-1 signals at
6 4.437 and 4.451, identified as belonging to two terminal f-Xylp residues, two hepta-
saccharides were present in about equal amounts. Exhaustive digestion of 34 with
endo-(1 »4)-B-D-xylanase yielded only one heptasaccharide. This diarabinosylxylopen-
taose (AX-34b) contained a terminal unbranched xylobiosyl group at the non-reducing
end, characterised by the H-1 signals at é 4.451 and 4.455 for the terminal and
penultimate 8-Xylp residues, respectively, as deduced from the combined HOHAHA
and ROESY data of 34 (Tables III and IV, respectively). Furthermore, these data show
that the H-1 signal at & 4.455 has a cross-peak with H-4,5¢eq of a 2,3-branched f-Xylp
residue. Thus, this non-reducing xylobiosyl group was 4-linked to the branched residue,
denoted B-Xylp-3™. The signals of f-Xylp-1,2 have the same chemical shifts as those of
the corresponding residues in AX-33. Based on the 'H-n.m.r. data, the structure of
AX-34b is

5 4 3 2 1
B-Xylp-(1-4)-B-Xylp-(1-4)-B-Xylp-(1-4)-B-Xylp(1-4)-Xylp

o-Araf-(1-3)
A3X3  a-Araf(1-2)
A2X3
(AX-34b)

The second diarabinosylxylopentaose (AX-34a) is reflected by H-1 signals at J
4.472 and 4.478 with intensities similar to that of the terminal §-Xylp H-1 signal at ¢
4.437. The HOHAHA and ROESY data of 34 (Tables 11l and 1V, respectively) indicate
that the non-reducing terminal tetrasaccharide in AX-33, i.e. -Xylp-4(a-Araf-A™?) (-
Araf-A%)p-Xylp-3™, was also present in fraction 34, corresponding to f-Xylp-5(«-
Araf-AP*)(a-Araf~A*)B-Xylp-4™ of AX-34a (see below). These data show also that
this non-reducing terminal unit was linked to a xylotriose unit. In particular, the n.O.e.
contacts f-Xylp-4™ H-1,8-Xylp-3 H-4,5eq corroborate this conclusion. The H-1 signals
at d4.472 and 4.478 are attributed to f-Xylp-3 and f-Xylp-2 H-1, respectively. Based on
the '"H-n.m.r. data, the structure of AX-34a is
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5 4111 3 2 1
B-Xylp—(1-4)—B-Xylp—(1-4)—B-Xylp-(1-4)-B-Xylp—(1-54)-Xylp

o-Araf-(1-3)
A3X4 o Arf(1-2)
A2X4
(AX-34a)
A3x4
A2x4
2
I 3 S H 4in 3 1
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Fig. 9. Resolution-enhanced 600-MHz 'H-n.m.r. spectrum of fraction 34. The inset shows the expanded
region for anomeric protons. The numbers and letters in the spectrum refer to the corresponding residues in
the structures.
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