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ABSTRACT

Oligosaccharides obtained from alkali-extractable wheat-flour arabinoxylans by digestion with endo-
(1 - 4)-B-p-xylanase from Aspergillus awamori were fractionated by size-exclusion chromatography on
Bio-Gel P-2 followed by high-performance anion-exchange chromatography, and subjected to monosac-
charide analysis and '"H NMR spectroscopy. The results revealed (1 — 4)-linked 8-p-xylopyrano-oligo-
saccharides partly 3- and /or 2,3-substituted with single a-L-arabinofuranosyl groups. The structures of
12 such arabinoxylan oligosaccharides were established.

INTRODUCTION
Wheat-flour arabinoxylans consist’?> of a linear backbone of (1 — 4)-8-p-
xylopyranosyl residues, with mainly single a-L-arabinofuranosyl groups attached
through positions 2 and 3, but little is known about the distribution of the side
chains. Periodate-oxidation studies®* indicated the presence of clusters of 1-4
contiguous branched B-p-Xylp residues. However, a study of water-soluble rye
arabinoxylans® favours small isolated clusters of singly and doubly branched
residues. Enzymic hydrolysis of the cell-wall material from bamboo and gramina-
ceous plants yielded di-, tri-, and tetra-saccharides, some of which were feruloy-
lated5-1!.

Detailed '"H NMR studies of arabinoxylan oligosaccharides, derived from a
warm-water-extractable arabinoxylan fraction by digestion with an _Aspergillus
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endo~(1 — 4)-B-p-xylanase, have been reported!>!3, The structures of alkali-extrac-
table arabinoxylans have been less well characterised, due to the difficulties in
their purification. We have described the isolation'* of highly purified, water-unex-
tractable, alkali-extractable arabinoxylans from wheat flour, which were further
characterised’® and fractionated by anion-exchange chromatography!®. We now
report on the structures of oligosaccharides derived from these arabinoxylans by
digestion with endo-(1 — 4)-8-p-xylanase I from Aspergillus awamori CMI 142717,
the specificity of which is different from that of the endo-(1 — 4)-8-p-xylanase
previously used!>!3,

EXPERIMENTAL

Materials. —Wheat alkali-extractable arabinoxylan (BE1-U) was prepared from
water-unextractable cell-wall material of the soft-wheat variety Arminda'>'.
Endo-(1 — 4)-8-p-xylanase 1 was purified'” from Aspergillus awamori CMI 142717.

Preparation of arabinoxylan oligosaccharides. — A solution of wheat alkali-extrac-
table arabinoxylan (80 mg) in 50 mM sodium acetate buffer (80 mL, pH 5.0) was
incubated with endo-(1 — 4)-8-p-xylanase 1 (0.4 wg/mL) for 24 h at 30°. After
inactivation of the enzyme (10 min, 100, the solution was concentrated to 3 mL
under reduced pressure, and applied to a column (100 X 2.6 cm) of Bio-Gel P-2
(200~400 mesh, Bio-Rad) at 60° and eluted with distilled water (17 mL/h).
Fractions (2.4 mL) were assayed for total neutral sugar content'®, Appropriate
fractions were combined, designated I-13, and each was concentrated to 1.5 mL
under reduced pressure. The column was calibrated using a mixture of xylose,
maltose, raffinose, stachyose, and Dextran T150 (Pharmacia). The elution volumes
of these compounds corresponds with those of fractions I-4, and 13 (void),
respectively.

Fractions 3-10 were subjected to high-performance anion-exchange chromatog-
raphy (HPAEC), using a Dionex Bio-LC GPM-II quaternary gradient module
equipped with a Dionex CarboPac PA-1 column (250 X 9 mm). Samples (5 x 300
wL) were injected using a Spectra Physics SP8780 autosampler equipped with a
Tefzel rotor seal in a 7010 Rheodyne injector valve. Elution (5 mL /min) involved
linear gradients of sodium acetate in 0.1 M NaOH 0 — 150 mM during 10 min,
then 150 — 500 mM during 30 min at 20°. The solvents were degassed and stored
under helium, using a Dionex EDM module. The eluate was monitored by using a
Dionex PED detector in the pulsed-amperometric detection (PAD) mode. A
reference Ag/AgCl electrode was used with a working Au electrode, with the
following pulse potentials and durations: E, 0.1 Vand 0.5s, E, 0.6 Vand 0.1 s, E;
—0.6 V and 0.1 s. The eluate was neutralised with M acetic acid and the
appropriate fractions (1.2 mL) were combined, desalted using columns (30 X 80
mm) of Dowex 50W-X8 (H*) and AG3 X4A (HO ™) resins (Bio-Rad) in series, and
concentrated under reduced pressure, and the residue was air-dried.
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Monosaccharide analysis.—Samples (3070 ug) were hydrolysed by 2 M trifluo-
roacetic acid for 1 h at 121°, and the acid was evaporated in a stream of air at 40°.
For Bio-Gel P-2 fractions, each monosaccharide mixture was reduced in 1.5 M
ammonia (0.2 mL) containing 75 mg of NaBH,/mL, and the products were
converted into their alditol acetates'® and analysed?’. myo-Inositol was used as
internal standard. For Dionex fractions, each hydrolysate was dissolved in water
and analysed on a CarboPac PA-1 column (250 X 4 mm), eluted (1 mL/min) with
0.1 M NaOH, using PAD analysis (as described above).

FABMS.—Positive-ion FAB-mass spectra were recorded with a Jeol JIMS AX
505 W spectrometer (Xe beam of 6 kV, acceleration potential of 3 kV) equipped
with an HP9000 data system. Each sample was dispersed in a glycerol matrix, and
the mass range was scanned at 10 s/scan with a mass resolution of 1500.

'H NMR 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
600-MHz 'H NMR spectra were recorded with a Bruker AM-600 spectrometer
(SON-hf-NMR facility, Department of Biophysical Chemistry, Nijmegen Univer-
sity, Netherlands), operating at a probe temperature of 27°. Chemical shifts (8) are
expressed in ppm and were measured by reference to internal acetone (& 2.225 in
D,0 at 27°)%!. Full details of the HOHAHA spin-lock experiments and ROESY
spectroscopy have been reported'?.

RESULTS AND DISCUSSION

The fractionation of the arabinoxylan digest on Bio-Gel P-2 is shown in Fig. 1,
and the monosaccharide composition and yield of each combined fraction are
given in Table I. Of the 13 fractions, 11 (I-10 and 13) were observed as separate
peaks, I3 was eluted in the void volume, and I-10 accounted for 72% of the
arabinoxylan. Fractions I and 2, consisting of xylose only (Table I), each showed
one peak in HPAEC, and are suggested to contain xylose and xylobiose, respec-
tively.
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Fig. 1. Elution profile of the arabinoxylan digest on Bio-Gel P-2.
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Fig. 2. Elution profile on HPAEC of Bio-Gel P-2 fractions 3-10 in Fig. 1.

Fractions 3-10 were subjected to HPAEC and the results are shown in Fig. 2.
The monosaccharide compositions, molecular weights of the major components,
and the recoveries are given in Table 1. For fractions 4 and 7, no further
fractionation was achieved, and fractions 4.1 and 7.1 represent 98 and 85%,
respectively, of the total PAD responses. Fractions 3, 5, 8, and 9 each contained
two major components, which represented > 90% of each total PAD response.
Fraction 6 contained three oligosaccharides (6.1, 6.2, and 6.3) in the proportions
60, 27, and 12%, respectively. Fraction 10 contained one major component (47%
of the total PAD response) and no attempt was made to isolate the minor
components. The structures of the major oligosaccharides were elucidated by 'H
NMR spectroscopy.

Fraction 3.1.—The 'H NMR spectrum of 3.1 matched exactly that of the
reference compound Xyl, [ B-p-Xyl p-(1 = 4)-8-p-Xyl p-(1 — 4)-p-Xyl p]'* and the
chemical shifts of the H-1 resonances are summarised in Table II.

3 2 1
B-Xyl p-(1 - 4)-B-Xylp-(1 = 4)-Xylp
3.1

Fraction 3.2.—The intensities of the H-1 signals for 3.2 (Fig. 3) indicated an
arabinosylxylobiose structure with the Xylp units g (J;, 7-8 Hz) and the Araf
unit a (J;, ~ 1.6 Hz)*%, By comparison with published '"H NMR data for the
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TABLE II
Chemical shifts ¢ of the H-1 resonances of fractions 3.1, 6.1, 8.1, 9.1, and 10.1 from Table 1

<> ®
. Ny
N O\ o—e
N O—e {
N T O\T <>\I <>\T
1 1 1 M 1
1 1 1 1 1
[ ] [ ] ® [ ] [ ]
Residue ® 31°¢ 6.1 8.1 9.1 10.1
a-Xylp-1 5.184 5.184 5.184 5.183 5.184
B-Xylp-1 4.584 4584 4.584 4.584 4.584
B-Xylp-2,, 4.475 4.465 4465 4.464 4,465
B-Xylp-2, 4.479 4.468 4.468 4.467 4.468
B-Xylp-3 4.461
B-Xyl p-31 4.639 4637 4628 4.639
B-Xylp-4 4.437 4.443
B-Xylp-4" 4.480
B-Xylp-4't 4578
B-Xylp-5 4435 4.428
B-Xyl p-51 4628
B-Xy1p-6 4436
a-Ara f-AT%3 5.225 5.225 5.222 5224
a-Ara f-A¥3 5274 5.270 5.293 5271
a-Ara f-AT% 5242
a-Ara f-A¥ 5.402 5.281
a-Ara f-A2XS 5.220
a-Ara f-A%%S 5.271

¢ Measured at 600 MHz on solutions in D,O at 27° (internal acetone, 8 2.225). ® The Xylp residue in
the reducing position is denoted 1, etc; 2, and 24 mean that Xylp-1is a or B, Ara f-Azx3 means
arabinofuranose linked to O-2 of Xyl p-3, etc., Xyl p-3' means Xyl p-3 branched at O-2, Xyl p-3"! means
Xyl p-3 branched at O-3, Xyl p-3™ means Xyl p-3 branched at 0-2,3. € Key: ®, Xylp; o, a-Araf; e—e,
B-Xylp-(1 > 9-Xylp; §, a-Ara f-(1 > 2)-B-Xylp; @, a-Araf-(1 - 3)-B-Xylp.

related feruloylated compound [5-O-(trans-feruloyl)-a-L-Ara f ]-(1 — 3)-8-p-Xyl p-
(1 - 4)-p-Xyl p)>!0, the structure shown was assigned to 3.2. The '"H NMR data
are recorded in Table IIL
21[ 1
B-Xylp-(1 = 4)-Xylp

a-Araf-(1— 3)
A3X2
32

Specific assignment of the a-Araf H-5proR,SproS signals is based on their
relative chemical shifts (8s,,,5 > 85,,,5) supported by the J, 5 values (J,s,,,z <
Jaspro s)23. Owing to the presence of a reducing residue, there is an anomeric effect
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2l 1
B-Xylp—(1-4)-Xylp

-Araf—(1 -3
A3X23 2“[3 ¢ Ar:)f(z( )
A3x2,
\b ;
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]
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Fig. 3. Resolution-enhanced 600-MHz 'H NMR spectrum of fraction 3.2. The numbers and letters in
the spectrum refer to the corresponding residues in the structure.

with doubling of the H-1,2,3,4 signals of 8-Xylp-2" and the H-1 of (1 — 3)-linked
a-Ara f-A%2,

Fraction 4.1.—The intensities of the H-1 signals for 4.1 (Fig. 4) indicated an
arabinosylxylotriose with the Xylp units 8 (J,, 7-8 Hz) and the Araf unit a (J,,
~ 1 Hz). Comparison of the 'H NMR data (Table III) with those!? for AX-31
[ B-Xyl p-4-(a-Ara f-A3*3)B-Xyl p-311-8-Xyl p-2-Xyl p-1] shows that the B-Xylp-4-
(a-Ara f-A**3)B-Xyl p-3" moiety is also part of 4.1, denoted B-Xylp-3-(a-Araf-
A¥2)p_Xyl p-2"1. However, the H-1 resonance (8§ 4.509) of B-Xylp-2" of 4.1 has
shifted slightly upfield (0.005 ppm), and the resonances of H-1,2,3 of g-Xylp-2"
and H-1 of a-Araf-A**? are double due to an anomeric effect, which accords with
the linkage of the a-Araf<(1->3)[B-Xylp-(1 - 4)]-8-Xylp group to a reducing
xylose residue in 4.1.

3 2][ 1
B-Xylp-(1 = 4)-B-Xylp-(1 — 4)-Xylp

a-Araf(1—3)

A3X2
4.1

Comparison of the 'H NMR data (Table III) of 4.1 and 3.2 shows significant
downfield shifts of the a-Araf-A*** H-1,4,5proS signals and significant upfield
shifts of the H-2,3,5proR signals, reflecting the effect of the change of the terminal
a-Ara f-(1 - 3)-8-Xylp group to an a-Araf-(1 - 3)[8-Xylp-(1 —» 4)]-8-Xylp unit.
The feruloylated compound B-p-Xylp-(1 — 4)-[5-O-(¢trans-feruloyl)-a-L-Ara f(1 —



H. Gruppen et al. / Carbohydr. Res. 233 (1992) 45-64

52

YoL'€ LIS 8y 656°€ SLTY 8TES exeV4-Biv-p
. g
. . ) ; . 16€°S ooefery-o
SILE 96L'€ 0LTY 706°¢ 6ST¥ Aoom.m oyfeIy-D
[4LX* 8Y6'¢ £99°¢ 185°¢ 00v'€ SLY'Y u€-dx-¢
) ) . i evbe 01§y Jr-diix-¢ .
ov'¢ 9uI'Y LES'E ShL'E A Lsve ot e d1x-o o (4 w
LLEE SSOv 18L°¢ 9S'E 1sTe $8S°¥ 1-d16X-¢ /s
Z8E€—ELE L¥S'E 981°¢ 1-d1AX-0 s—o—e
90L°€ €18’ 861y €L6°C SLTY 9vT’S exsVS RIV-P
0zL'E 918°¢ ey 956°€ STy 8€TS ex VS eIy-»
Pree €20V vILe 689°¢ 6€5°E 965’ mE-d18X-¢
. . d,
. . 067°€ L9Y'Y T-d18X-¢ .
. . o s
oTp'¢ ovl¥ wH6LE 865°¢ Awom.m copy 7-d1AX-d
9LEE 0s0'+ ILLE 9ps'E 6vZ’c $8Sy 1-d1AX-¢ Aw e
I8C—ELE 9SE €81°S 1-d1AX-0 o—o—o
. d
. . . . . WOM S Nxﬂ<|.\.m.—<|5
pILE 96L°¢ Ty £06°€ 8ST°¥ Aoov.m Eyfery-p
8LTE T16'€ S65°€ PIve SYTe wry ¢-d1AX-d
. . . g
. . . L€ orve 605V ndikx-d .
0ov'e vely 6c8e Amﬁ.m 8YE'E LOS'Y T diAX-o 154
SLES 12784 1LLe PPSe 6vTc £86°Y 1-d1Ax-¢ \0
78€—ELE SHS'E S8I'S I-djAX-0 *—o—e
- d
. . . . . 438y AR LN A
SoL'E LIS'E S8I'y 65S6'€ SLI'Y A ceee oyfery-o
. . . . g
. . 069°€ 165°€ 1320 06t acdiix-¢
ove'e Yooy A 769°¢ P6S°€ €IP°e L8V gTdisx-¢ TE
LLEE SSO'Y 18L°¢ SSE 0ST€ ¥8S° Y 1-dikX-¢ O
Z8E—EL'E SYSE S8I°S 1-dAx-0 o—o
sodds-H/ xws-H yo4dG-H/ bag-H vH ¢H TH I-H
1J1Ys [edrusy) anpIsay punodwo))
q —.— v 4

I S1qeL WOIJ SUONJBI} Uo €1ep YN H;

III F1dVL



53

H. Gruppen et al. / Carbohydr. Res. 233 (1992) 45-64

(panuiuod)

voL'e s8¢
ocLe 9%6L'E
oTL'e L18't
Loge 956'¢
Iev'e 1404
Li¥'e v’y
9LE'E 1S0°'%
POL'E 118°¢
SvL't 6£8°¢
8TL'E 918°¢
60€°¢ 9s0'Yy
Ssv'e 9L’y
€LE'E 6v0'y
SiL't yoL't
61L'¢ 008°¢
69C°¢ L06°¢
99¢°¢ 890
66¢'¢ YAR4
LLe'e 125004

98IV
1oe'y
LTy
L99°¢
8L8°¢
6L’
LL'E
eE—ELE
961’y

98 4

LOEY

89°¢

0e8'c
oLL'e
8e—EL'E
ey
ey
165
£6L'E
9€8°E

18L°¢
e—eL'e

866°¢
°E6°
866°¢
86
88t

19¢°¢
9o

€L6°t
€L6’E
16t

L9¢
9L°¢
YL’
1423%

006'¢
14133

601t
SELE

ovL'e
Svs'e

{

{

SLTY
Y1y
8yl'y
60v'c
LSe
06T°¢
86C°¢
|YT'e
19483
Vil'y
oSty
8ST'Y
9¢6°¢
orv'e
sy
6vT'e
Sps'e
LSTY
191y
LETE
Oev'e
ovye
8P’
1sT°¢
LvSe

{

{

Iee’s
1es
§TT'S
LYy
6£9'v
Lov'y
LYY
¥8S'Y
¥81°S

woes
14425
(4449
LS
13 4
9%6v'y
vov'v
P8SY
¥81°C
86¢°S
98¢°¢
16¢'S
(453747
68Y'v
(1) 19 4
LOSY
¥8S'Y
981°¢

E%.& ’IY-D
exeVA BIV-D
.un<.x BIVY-0
=V|Q —Nﬂxln
m€-d1AX-¢
97-d1Ax-¢
"T-d1AX-¢
1-d1AX-¢
1-d[AX-©

exeVAS eIv-0
ex7¥Vf BIV-0
nov-fery-o
VS BIV-2
-——M.Q—%vm&u
Hr-disx-g
ne-dikx-d
1-d[AX-¢
1-d1AX-©
Qn«..\ BIV-0
QM&?& BIY-©
Nxﬁmdw',\ ery-o
y-di&X-¢
n—MkN—%x.Q
Sr-dikx-d
ne-disx-¢
1-d1&x-¢
1-d|KX-0

Tl

9

o|oN|oN|o



H. Gruppen et al. / Carbohydr. Res. 233 (1992) 45-64

54

"ZHIN 009 Ye paimboe °,/7 18
0°Q Ul (77’7 ¢ 1B 2Uojade [RUIRiul SUISN) 21BUOYNS-[-SUBIUIdR[IS-H-[AY}WIP-4y WNIPOS [BUIIUI JO JeuSs oy} 01 sane[ar wdd uf ¢ ‘K3 3ay) 10] I] J[qeL, 39S ,

YOL'E 118°¢ 8611 €L6'S SLT'Y TS pxeV-S BIV-D
LEL'E 8€8°€ 9I'y €L6'E (Y44 ¥ST'S pxZVS BIV-D
LEL'E 978'¢ 8ECY 6£6'€ o1y €6T°S exeVS BIV-D
0TL€ 918°€ sy LS6E rANa4 122§ ex VS eIv-0
70€'€ 656'€ 689°€ 699°€ 9S'E 8YS'y my-d1sx-g
16t°€ 6€TY 98°¢ S8 S9S°€E 979y mE-d18xX-¢
. . d
887°€ 99 T-d1kX-d .
. . . . o N w
SIv'E 6E1'Y 8L€E 85S'e A e Yoy Ao
9LEE 160 TLLE SPS'E LT ¥8S°Y 1-d1AX-¢ Aw \OAW \AV
8E—ELE 2433 ¥81°S 1-d1&X-0 e—o—o—¢
Sodg-H/ xws-H yoadg-H/ bag-H ¥H ¢-H -H 1-H
¢ WS [edray) » NPISAY » punodwo))

(panunuod) 111 F1dV.L



H. Gruppen et al. / Carbohydr. Res. 233 (1992) 45-64 55

3 21 1
B-Xylp—(1-4)}-B-Xylp-(1-54)-Xylp

a-Araf—(153)
21y 211y AIX2
A3X2, A3X2p
% It
1
ol i | E
! ‘ N ‘: ﬂ
-’1’k‘-‘ HOD ‘ ! I | JAHn S “ U
54 ] 5412 4,'6 B 4.'4 I 4.]2 I 4.|0 I 3"87 ' 3.’6 ST 3,|4 l 3‘2

8(p.p.m.)

Fig. 4. Resolution-enhanced 600-MHz 'H NMR spectrum of fraction 4.2. The numbers and letters in
the spectrum refer to the corresponding residues in the structure.

3)]-8-p-Xyl p-(1 = 4)-p-Xylp has been described'®?*, and the reported 'H NMR
assignments accorded those of comparable residues in 4.1.

Fraction 5.1.—The intensities of the H-1 signals for 5.1 (Fig. 5) indicated a
single diarabinosylxylotriose with the Xylp units 8 (J,, 7-8 Hz) and the Araf
units a (J;, 1-1.5 Hz). On the various H-1 tracks of the constituent monosaccha-
rides in the 2D HOHAHA spectrum, the total scalar-coupled network for each
residue was observed, and the data obtained are summarised in Table III. The
observed ROEs along the H-1 tracks in the ROESY spectrum are compiled in
Table IV. The ROEs between H-1 of B-Xyl p-(n) and H-4,5¢q of B-Xylp-(n — 1),

3lll 2 1
31 1 B-Xylp—(1-4)-B-Xylp—(1-4-Xylp

o-Araf—(1-3)
A3x3 A2x3 A3X3 o-Arg/(1-2)

Y

L%MJLMM o

I‘Tiﬁl T I‘r‘!*l’

8(ppm)

Fig. 5. Resolution-enhanced 600-MHz 'H NMR spectrum of fraction 5.1. The numbers and letters in
the spectrum refer to the corresponding residues in the structure.
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TABLE IV

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

Compound Residue ROE effect

5.1 Xyl-2 H-1 Xyl-2 H-3,5ax, Xyl-18 H-4,5¢q, Xyl-la H-4,5
Xyl-3™ H-1 Xyl-3M H-3,5ax, Xyl-2 H-4,5¢q
Ara-A™* H-1 Ara-A"®3 H-2, Ara-A>3 H-2, Xyl-3" H-2
Ara-A>3 H-1 Ara-A™ H-2, Ara-A™ 12, Xyl-3™ H-3

52 Xyl-2" H-1 Xyl-2" H-3,5ax, Xyl-18 H-4
Xyl-3" H-1 Xyl-3" H-3,5ax, Xy1-2" H-4,5,¢9
Ara-A*%2 H-1 Ara-A*? H-2, Xyl-2™! H-3
Ara-A>® H-1 Ara-A™3 H-2, Xyl-3" H-3

6.3 Xyl-2" H-1 Xyl-2"" H-3,5ax, Xyl-18 H-4,5¢q, Xyl-la H-5
Xyl-3™ H-1 Xyl-3"™ H-3,5ax, Xyl-2" H-4,5¢4
Ara-A**? H-1 Ara-A¥? H-2, Xyl-2" H-3
Ara-A™ H-1 Ara-A™ H-2, Ara-A**® H-2 ¢, Xyl-3™" H-2
Ara-A™3 H-1 Ara-A"® H-2, Ara-A™® H-2 ¢, Xyl-3"™ H-3

7.1 Xyl-2 H-1 Xyl-2 H-3,5ax, Xyl-18 H-4, Xyl-1la H-4,5
Xyl-3" H-1 Xyl-3™ H-3(weak),5ax, Xyl-2 H-4,5¢g
Xyl-4" H-1 Xyl-4" H-3,5ax, Xyl-3™ H-4,5¢q
Ara-A”S H-1 Ara-A*3® H-2, Ara-A>? H-2, Xyl-3™" H-2
Ara-A*®® H-1 Ara-A%®3 H-2, Ara-A¥?* H-2, Xyl-3™ H-3
Ara-A** H-1 Ara-A%4 H-2(very weak), Xyl-4™ H-3

8.2 Xyl-2 H-1 Xyl-2 H-3(weak),5ax, Xyl-18 H-4,5¢q, Xyl-1a H-5
Xyl-3™ 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*3 H-1 Ara-A¥3 H-2, Ara-A%*3 H-2, Xyl-3"! H-2
Ara-A*%3 H-1 Ara-A%%3 H-2Aweak), Ara-A2*® H-2, Xyi-3™ H-3
Ara-A>*4 H-1 Ara-A?4 H-2, Ara-A*> H-2, Xyl-4™ H-2
Ara-A* H-1 Ara-A¥4 H-2(weak), Ara-A?* H-2, Xyl-4™" H-3

“ Due to the overlap of the H-1 resonances of A?** and A**4, the presence of these inter-residual ROE
contacts could not be proved unambiguously, but were assumed to be present according to the structure
5.1.

together with the connectivities a-Ara f-A***H-1,8-Xylp-3"! H-2 and a-Araf-
A*®H-1,8-Xyl p-3"H-3 established the sequence in 5.1.

3III 2 l
B-Xyl p-(1 = 4)-B-Xyl p-(1 — 4)-Xylp

a-Araf(1—3)
A gAraf(1—2)
AZXJ
51
Comparison of the '"H NMR data for 5.1 with those'? of AX-33 [ 8-Xyl p-4-(a-
Ara f-A? ) a-Ara f-A%*3)B-Xyl p-3™-8-Xyl p-2-Xyl p-1] shows significant upfield
shifts of all the signals of B-Xylp-3™ in 5.1 and there are differences in chemical
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A3X3
o-Araf~(1-3)
3t 21 1
B-Xylp-(14)-B-Xylp—(1>4)-Xylp

«-Araf-(1-3)
A3X2
A3x2, A3x2g
\/ A3x3 31
H p1 o1
ii
| o1 1 ‘
K ]“\ A (i i “‘:“ “ !
L HOD il | I
A f | ‘ )
T I T T T I T [ T I | T T I T T T T
54 52 4.6 4.4 42 4.0 3.8 36 34 3.2

3(p.p.m.)

Fig. 6. Resolution-enhanced 600-MHz 'H NMR spectrum of fraction 5.2. The numbers and letters in
the spectrum refer to the corresponding residues in the structure.

shifts of the signals of the a-Araf residues. The signals of a-Araf-A**? are shifted
in the same manner as found for a-Araf-A*** on going from 4.1 to 3.2. For
a-Araf-A>®3) only the H-1 resonance shows a small downfield shift (0.014 ppm), as
compared to the same residue in AX-33. The inter-residual connectivities A2X3-H-
1,A%%3.H-2 and A**3-H-1,A%3-H-2, found'? for AX-33, were also present in the
ROESY spectrum of 5.1, but with lower intensities.

Fraction 5.2.—The intensities of the H-1 signals for 5.2 (Fig. 6) indicated a
diarabinosylxylotriose. The connectivities were determined as for 5.1 and the data
are summarised in Tables III and IV. The ROEs between H-1 of 8-Xylp-(n) and
H-4,5¢q of B-Xylp-(n— 1), together with the connectivities a-Araf-A3*?H-1,8-
Xyl p-2"H-3 and a-Araf-A***H-1,8-Xyl p-3"H-3 established the sequence in 5.2.

A3X3

a-Araf-(1— 3)

311 211 1
B-Xyl p-(1 = 4)-B-Xyl p-(1 — 4)-Xyl p

a-Araf-(1- 3)
A3X2

5.2
Comparison of the 'TH NMR data for 5.2 with those'® of AX-41 [ B-Xyl p-5-(a-
Ara f-A¥4)B-Xyl p-4"-(a-Ara f-A¥*3) 8-Xyl p-31-8-Xyl p-2-Xyl p-1] shows large up-
field shifts for all signals derived from B-Xylp-3" relative to those of B-Xylp-4!!
of AX-41, as expected on going from an internal to a terminal residue. The
significant upfield shifts of the a-Araf-A**® H-1,4,5proS signals and downfield
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AIX?
o-Araf-(1-3)
4 31 21 1
B-Xylp—(1-54)-B-Xylp—{1-4)-B-Xylp~{(1-4)}-Xylp

o-Araf{1-3)
A3x2, A3X2
A3x3 A3x2g

211 31

IE
g1
‘ i 1§ |
ol I
K Yl I ‘ I
J HOD | wil
A 45 P

I T T I T
54 4.0 3.8 3.|6 3.|4 ' 3.|2

3(p.p.m.)

Fig. 7. Resolution-enhanced 600-MHz '"H NMR spectrum of fraction 6.2. The numbers and letters in
the spectrum refer to the corresponding residues in the structure.

shifts of the H-2,3,5proR signals in 5.2, relative to the same signals of a-Ara f-A%*4
in AX-41, is noteworthy. Similar differences in chemical shifts were found for
a-Ara f-A**? in 3.2 and 4.1 (see above). The 'H NMR data of a-Araf-A>*? in 5.2
and of a-Araf-A**?g in 3.2 are (almost) identical.

Fraction 6.1.—The intensities of the H-1 signals for 6.1 indicated a diarabi-
nosylxylotetraose. The chemical shift data matched exactly those!? of AX-33 and
the chemical shifts of the H-1 resonances are summarised in Table II.

4 3m 2 1
B-Xyl p-(1 = 4)-B-Xyl p-(1 — 4)-B8-Xyl p-(1 — 4)-Xylp

a-Araf-(1—3)

A g-Araf(1—2)
A2X3

6.1
Compound 6.1 was also formed on enzymic treatment of barley flour'.

Fraction 6.2.—The intensities of the H-1 signals for 6.2 (Fig. 7) indicated a
diarabinosylxylotetraose. The connectivities were determined as for 5.1 and the
data obtained are summarised in Table III. The 'H NMR data that reflect'® the
presence of the terminal B-Xylp-5-(a-Araf-A**%)B-Xyl p-4"-(a-Ara f-A¥*?)g-
Xyl p-3" moiety in AX-41 are also found for 6.2 and are assigned to B-Xyl p-4-(a-
Ara f-A¥3)B-Xyl p-3"-(a-Ara f-A%*?)B-Xyl p-2" and a reducing xylose residue. The
finding of anomeric effects on the resonance of a-Araf-A**? H-1 and B-Xylp-2"
H-1,2 and a small upfield shift (6 4.510) of the resonance of B-Xylp-2j H-1,
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A2X3
A3X3  g.Araf(152)
A2x3+A3x3 Arg(1-3)
3m b1 1
B-Xylp—(1-+4)-B-Xylp—(1 +4)-Xylp
a-Araf—(1-3)
1 3l A3X2
A3x2, A3x2p b
1
211 il
h |
3 ot ‘
\ l HOD 1 ‘ ’ U“L,LL
A
se | se P A P B L bk

3(p.p.m.)

Fig. 8. Resolution-enhanced 600-MHz 'H NMR spectrum of fraction 6.3. The numbers and letters in
the spectrum refer to the corresponding residues in the structure.

compared to that (§ 4.514) of the B-Xylp-3" H-1 resonance in AX-41, supports

this conclusion (see also B-Xyl p-2!! of 4.1 and 5.2) and the structure assigned.
A3X3

a-Araf-(1—> 3)

4 3n 21 1
B-Xylp-(1 — 4)-B-Xyl p-(1 — 4)-p-Xyl p-(1 — 4)-Xylp

a-Araf-(1—3)
A3X2

6.2
Fraction 6.3.—The intensities of the H-1 signals for 6.3 (Fig. 8) indicated a

triarabinosylxylotriose. The connectivities were established as for 5.1 and the data
obtained are summarised in Tables III and IV. The ROEs between H-1 of
B-Xylp-(n) and H-4,5¢q of B-Xylp-(n — 1), together with the connectivities a-
Ara f-A’%? H-1,8-Xyl p-2"! H-3, a-Ara f-A*®® H-1,8-Xylp-3'' H-2 and a-Ara f-A>®®

H-1,8-Xyl p-3™ H-3 established the sequence in 6.3.
A2X3

A g Arafdl— 2)
a'Araf'(l - 3)\| 3m U 1
B-Xylp-(1 = 4)8-Xyl p-(1 = 4)-Xylp

a-Araf(1—3)
A3X2

6.3
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A3X4
o-Araf(1-3)
411 3 2 1
B-Xylp—(14)-B-Xylp-(154)-B-Xylp-(1-+4)-Xylp
a-Araf—(1-33)
A3 o-Araf(1o2)
A2X3
A3x3 2+411
A3x4 | A2x3
3111 1
al ! ﬂ Il'
| K &
C : J'M‘W
A 0D ‘ RN
T T T T
sa | 5o 46 4.4 4 PUSLEA 3 | 34 | 3k

8{p.p.m.)
Fig. 9. Resolution-enhanced 600-MHz 'H NMR spectrum of fraction 7.1. The numbers and letters in
the spectrum refer to the corresponding residues in the structure.

Owing to overlap of the H-1 resonances of a-Araf-A**® and a-Araf-A>*?, two
sets of signals were observed along the HOHAHA H-1 track at § 5.244. One set of
signals match those of a-Araf-A**® of 5.1 and were assigned to the corresponding
residue in 6.3. Owing to overlap of the a-Araf-A?*3 H-2,4 signals, the chemical
shift of the H-4 resonance could not be determined accurately. An anomeric effect
was observed on the signals for B-Xyl p-2"" H-1,2,3 and a-Ara f-A%*? H-1, corrobo-
rating the structure assigned.

Fraction 7.1.—The intensities of the H-1 signals for 7.1 (Fig. 9) indicated a
triarabinosylxylotetraose as the major compound. The connectivities were estab-
lished as for 5.1 and the data obtained are summarised in Tables III and IV. The
ROEs between H-1 of B-Xylp-(n) and H-4,5¢q of B-Xylp-(n — 1), together with
the connectivities a-Ara f-A**3 H-1,8-Xylp-3™ H-2, a-Ara f-A**?® H-1,8-Xyl p-31
H-3, and a-Ara f-A%** H-1,8-Xyl p-4"" H-3 established the sequence in 7.1.

A3X4
a-Araf-(1—3)

4II 3lII 2 1
B-Xylp-(1 — 4)-B-Xyl p-(1 — 4)-B-Xylp-(1 — 4)-Xylp

a-Araf(1—3)
A q-Araf-(1—2)
A2X3

7.1
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Owing to the overlap of the H-1 signals of 8-Xylp-2 and B-Xyl p-4", two sets of
signals were observed along the HOHAHA H-1 track at & 4.467. Besides the
ROEs mentioned above, the ROESY spectrum shows also the inter-residual
connectivities AZX>-H-1,A3®3-H-2 and A%*?-H-1,A?*3-H-2, characteristic for the 2,3-
substitution of a (1 — 4)-linked B-Xylp residue by two terminal a-Ara f groups'>'3,
Comparison of the '"H NMR data of 7.1 with those!* of AX-54¢ [B-Xylp-5-(a-
Ara f-A¥X4)B-Xyl p-4"-(a-Ara f-A2*3 ) a-Ara f-A**?) 8- Xyl p-31"-8-Xyl p-2-Xyl p-1]
shows a good match for the resonances of B-Xylp-1,2,3™ and a-Araf-A?*® and
only small deviations for those of a-Ara f-A**?, in particular H-3,5proR,5proS. The
structural change in the non-reducing terminal part on going from 7.1 to AX-54¢ is
reflected by the large upfield shifts for all signals of 8-Xyl p-4”. The 'H NMR data
of a-Araf-A>** in 7.1 match those for a-Araf-A%* in 3.2 and a-Araf-A>® in 5.2,
and support the structure assigned.

Fraction 8.1.—The intensities of the H-1 signals for 8.1 indicated a triarabi-
nosylxylopentaose. The chemical shift data match exactly those!® of AX-54¢, and
the chemical shifts of the H-1 resonances are summarised in Table II.

A3X4
a-Araf(1—3)
5 4" 3 2 1
B-Xyl p-(1 = 4)-B-Xyl p-(1 = 4)-8-Xyl p-(1 — 4)-B-Xyl p-(1 = 4)-Xylp

a-Araf-(1— 3)

A gAraf(1-2)
A2X3

8.1
Fraction 8.2.—The intensities of the H-1 signals for 8.2 (Fig. 10) indicated a
tetra-arabinosylxylotetraose. The connectivities were established as for 5.1 and the
data are summarised in Tables III and IV. The ROEs between H-1 of 8-Xyl p-(n)
and H-4,5¢q of B-Xylp-(n—1), together with the connectivities a-Ara f-A?*3
H-1,8-Xyl p-31! H-2, a-Ara f-A® H-1,8-Xyl p-3" H-3, a-Ara f-A*** H-1,8-Xyl p-
4™ H.2, and a-Araf-A3** H-1,8-Xyl p-4™ H-3 establish the sequence in 8.2.

AZX4
A a-Araf(1—2)
a-Araf(1—3)
\ 4 3m 2 1
B-Xyl p-(1 —= 4)-8-Xyl p-(1 = 4)-B-Xyl p-(1 — 4)-Xylp
a-Araf(1—3)
A a-Araf-(1—-2)
A2x3

8.2



62 H. Gruppen et al. / Carbohydr. Res. 233 (1992) 45-64

A2X4
A3X4 o Araf-(1-52)
a-Araf~(1-3)

il 3 2 1
B-Xylp—(1-4)-B-Xylp-(154)-B-Xylp—(1-4)-Xylp

o-Arf(1-3)
3X3 o Araf(]
A3x3 A2x4 A3x4 p2x3 A :zais(l 2)
YT e
3lII 4111
f (T . R
[ i \(ﬂ | |
| 1 J l ' | i | | |
L rer L
e T b P A A AL R 37.67 T U A

3(p.p.-m.)
Fig. 10. Resolution-enhanced 600-MHz 'H NMR spectrum of fraction 8.2. The numbers and letters in
the spectrum refer to the corresponding residues in the structure.

The presence of the tetra-arabinosylxylabiose unit in 8.2 is reflected by a charac-
teristic set of four a-Araf H-1 signals (Table III). The inter-residual a-Araf
H-1,2 connectivities between a-Ara f-A>** and a-Ara f-A™® and between a-Ara f-
A?** and a-Ara f-A*** support the presence of two 2,3-branched B-Xylp residues.

Fraction 9.1.—The intensities of the H-1 signals for 9.1 indicated a tetra-
arabinosylxylopentaose. The chemical shift data match exactly those!® of AX-59
and the chemical shifts of the H-1 resonances are summarised in Table II.

2X4
A g-Ara f(1-2)
a-Araf-(1—3)
5 \ 4lll 3"[ 2 1
B-Xyl p-(1 = 4)-8-Xyl p-(1 = 4)-B-Xyl p-(1 — 4)-8-Xyl p-(1 = 4)-Xyl p
a-Araf(1—3)
A g-Ara f(1—2)
AZX3
9.1

The characteristic set of four a-Araf H-1 and two B8-Xylp H-1 signals, which
reflects the presence of an internal (1 — 4)-linked xylobiose unit composed of two
2,3-branched B-Xylp with four a-Araf residues, differs significantly from the set
for 8.2.

Fraction 9.2.—The '"H NMR spectrum of 9.2, which indicated the presence of
at least two components, could not be unravelied due to its complexity. The
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presence of a mixture was reflected by the HPAE-PAD chromatogram (Fig. 2) for
fraction 9.

Fraction 10.1.—The intensities of the H-1 signals for 10.1 indicated a tetra-
arabinosylxylohexaose. The chemical shift data match exactly those'® of AX-57"
and the chemical shifts of the H-1 resonances are summarised in Table IIL

6 s 4 3m 2 1
B-Xyl p-(1— 4)-8 Xyl p-(1 = 4)-B-Xyl p-(1— 4)-8-Xyl p-(1 = 4)-8-Xyl p-(1— 4)-Xyl p

a-Ara f1—3) a-Araf(1—3)
A g Araff-(1-2) A% @-Araf(1—2)
AZXS A2X3
10.1

Thus, of the arabinosylxylose oligosaccharides present in the enzymic digest of
an alkali-extractable arabinoxylan from the soft-wheat variety Arminda, four (6.1,
8.1, 9.1, and 10.1) have been identified also in an enzymic digest of a warm-water-
extractable arabinoxylan from Kadet wheat flour'*'>. Comparison of the oligosac-
charides obtained in this and the previous studies'>!* showed remarkable differ-
ences. Since, for Arminda wheat flour, no major differences in branching pattern
between water-extractable and alkali-extractable arabinoxylans were found'®, the
differences in the oligosaccharides obtained are likely to reflect differences in
enzyme specificity rather than differences in arabinoxylan structure. The patterns
of action of various types of endo-(1 — 4)-8-p-xylanases on cereal arabinoxlans are
under investigation.
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