
The structures of ;\ '- l inked sugar chains (À'-glvcans) of storage glvcoproteins in so1'bean seeds hal'e
been identif ied. Eight pvridvlaminated (P \-) r\Llinked sugar chains ryere derived and purif ied from
h--vdrazinoh'sates of the storage glvcoproteins b1' reverse-phase I.IPLC and size-fractionation FIPLC. The
structures of the PA-sugar chains purif ied D'ere first identif ied by' trvo-dimensional PA-sugar chain
rnapping and ion-sprav mass anah's is,  consider ing the resul ts of  sugar composi t ion anal l 's is or sequent ia l
exoglvcosidase digestion. The deduced structures were further analt,zed bl. ion-spray tandern mass
spectrometr,v and 500 NIHz ' H-NVIR spectrometry'. The eight structures f 'ell into tn'o categories; the
major class (96.6"1') w'as a tvpical high mannose-t1'pe, the nrinor class rlas i l r1' lose confaining-t) 'pe
(NIan.Xy l ,C lcNAc, ,  N Ian ,Fuc ,Xv l ,  G lcNAc.  ;  3 .1 , ' /u ) .
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In piant cel ls,  some physioiogical  funct ions of  f ree À'-
glycans. r,vhich woulcl be l iberated by some À'-_{lvcan re-
leasing enzymes (endo-p-GlcNAc-ase. PNGase),  have been
postulzr . ted.r ' : )  Hower, 'er .  only zr  few ,V-glvcan reieasing en-
zymes have been pur i f ied and character ized from plant
ce l l s . - t - ; r  AS a  f ì rs t  s tep  to  d iscover  the  ph l ,s io los ica l  tunc-
t ion(s) ot ' f ree ,V-gl%ans anrJ some ru-gìycan ,eÉasing en-
z,v-mes dur ing seed germinat ion or development of  seedl ings.
rve hatve started to purif y and characterize some plant endo-
p-GlcNAc-ases8'n) and analyze structures of  rV-gl1 'cans of
s to rase  g lycopro te ins  in  some seedse 

- r  t )  o r  f ' r ce  . \ , -q l \ , cons
ìn  the  seed l ings . t r )  On the  way to  survey  the  ac t i r , ' i t i es  o f
rV-gl .v*can releasing enzvnles in several  k inds of  p lant cel ls,
l i , 'e have found such activit ies in soybean seeds, and pr-rri-
f ied and character ized two rV-glycan releasing enzymes.e) In
this report .  we descr ibe the structural  analvsis of  r \ -g lycans
l inked to the storage _elycoproteins in soybean seeds to
show the occurrence of  endogenous substrates tbr  these
two rV-giycarn releasing enzymes.

From the viewpoint  of  phirs io logical  act iv i t ,v of  p lant or i -
g in glycoprotein against  mammal ian cel ls,  rV-glycan moiety
rv i th r l - - '2 fucose and l ) l - -3 xylose residues of  a l lergenic

plant elr , 'coproteins in foods zrnd pol len has been reported
to be a candidate as the epi tope in some atopic al lergies.  t  I  -  r  5)

Recent l l l  Gornez at  u l .  showed that fucose and, ior  xylose-
conta in ing , \ -g lycans  prepared t rom r -amy lase inh ib i to rs
tiom whe;rt and btrrley flours coukl be recognized by IgE
prepared t iorn baker 's : rsthma pat ients. l6)  And they also
showed the IgE cor-r ld bind to some storaqe glycoproteins
in the seecl of pea ( Pisuttr .sttt it 'unt). soybeun (Glycine ntux),
and common bean (Phaseolu.i l l igarr.i). '" '  Considering these
fa.cts and our results from structural anal.vsis of l/-glycans
of  s to rage g lycopro te ins  in  pea seeds . l0 )  N, {3FX.  M3X,  and
N,I4X structures may be some epi topes for such al lergic
pat ient 's IgE. On the other hand, the structural  analyses of
,V--ulycans of  some soybean glycoproteins,  such as soybean
agg lu t in in t t )and 75  soybean -e lobu l in , to )  showed tha t  these

-elycoproteins bear onlv high mannose-type ,V-glycans. And
the detai led structures of  xylose (and Í ìcose) containing
J-glycans have not been establ ished from the glycopro-
teins in soybean seeds thus far.  In th is report ,  we dem-
onstrate the occurrence of  ry lose (and tbcose) containing
,V-qlvcans, which should be responsible for  the al lergenic
epi topes,r6 '  among the storage gl-vcoproteins of  soybean
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Vlaterials and Nfethods
, l [utcr i t t l .s .  Gl)  t ' i t ta rntr"u l - .  cv.  Tamalron]are producc-d in l t ) r l  j  in

okavama p re f t c tu re  was  used .  , \  Cos r los i l  i c lS -AR co lun rn  ( r ) . ( r ( )  x
l i  c rn )  was  p r " r r chased  f rom Naca la i  resque .  Inc . .  an t l  an  Asahrpak
NHIP-50  co l l t n r r t  (0 . -16  x  l - i  cn r )  f ì ' on t  Shorvu  Denko  Co .  r - i \ {unnos ic lusc
(J l rck bean )  r ,vas purchascd f - ronr s igmu. / i -nrannosid ase ( . r t ' lu t t Ì t tu l i t l i t ,Lt )
t ' ronr Scikagaku Kogvo co.  F{ , r , ,drazinc : inhvdrous \ ! 'as purchased l ' r -onr
Picrce.  NI9A r ias prc.paret l  f rorn j , i (J-kDa Royal  Jel lv  Clyct tprotc in " ' )
Vl  8A ancl  VlTA lvere l ' ronr . - lór ' r i . l  l ) ra( .ut( ) ru. \  agglut in in.r0)  , \ l  78.  \ l  7D,
N ' [68 .  and  N , {5A  r , ve re  t - ron t  rhe  B-ch l i n  o t ' nc i r r  D . r1 )  and  i v l lFX .  \ l - tX .
\ l - lX.  and N' f r lC r ,v 'ere f rorrr  l l lc ' r r r r r .s  t . t t t r r r r tur t is  aeglut in in.r r ,  ÌVI6A. \ l { . ,C.
M7C.  N , l8B .  and  N ISC rve re  p rcp i ì red  f rom \19 . {  by 'pa r t i a l  h r ,d ro l y : i s  as
t l c s c r ì b e d  i n  t r u r  p r e v i o t - r s  r e p o r t . r l '  M u n t l  * ó ( N f l n n l  - - l ) V I a n / j l  -
- l c i ì cNAc i l l  - ' 4GIcNAc-1 ' } ,4  (N f  - l )  r ras  f ron r  thc  s ro rage  u l l , cop ro rc in :  i r r
thc pea scccls.  r  r )  v fan/J l  - lGlcNAc/Ì l  * - {GlcNr\c-P. \  ( \ f  i  )  r i ls  c lcr i r .ec l
l ' r -orr  VI  6B bl '  z-mannosi t lasc c l igr .st ron.  end GlcNAc/ l  * . lGte Nr\c-p, \
(GNl )  was  t ìon r  N f  I  b1  / -mannos ic lase  d iees t ion .

Prt'purution ttf ' t lrc .storuge ,ql)'(opr()tcitrs f) 'uru Gl,t t ' i tte ttur.u .see tl.s. DciìLtted
sorbean seed por, r 'c ler  (53g) rvas suspended in ,50mrr Tr is- l - lCl  buf lcr  (pH
3 .0 .  l 000ml )  con ta in lne  0 .  j  r r  NaC l  and  the  s lu r r . v . -  was  s r i r red  f t r r  l h  u t
- l 'C.  Thc homogenate \ !as squcczecl  through four lavers of  \ ,1 i racloth
(Ca lb iochem Co .  )  and  ccn t r i f ueed .  A f ìe r  cen r r i f uqa t ion  (S0( )0  x  a  fo r
l0m in . ) .  t he  superna tan t  was  1009 î  sa tu ra tec l  w i th  ammon ium su i t ì r t e .
The resul t ing precip i tate \ \ 'AS dissolred in dcionized rvatef  i ì .nd c ' l ia ly ,zeci
exhaus t i ve l y  aga ins t  de ion ized  \ , " ' a te r .  F ina l l y  the  d ia l yza te  rnc lud ine  the
resul t ing precip i tate w'as l "e iphi l ized and the lyophi l izate vv 'as Lrseci  as the
s to ragc  g l ycopro te ins  i n  the  fo l l ow ing  e rpe r imcn ts .

Py'ridylunriruttion ttJ' t lte susrtr chuins. .v-Glycans w'ere rclcasetl by,
h . ' *d raz ino lys i s  (100 'c .  l l h .  i n  l 0m l  o f  hyd raz ine  anhydroLrs )  t ' r on r  the
storage glycoproteins (3.5g).  . \ f ter  ,V-acety lat ion ot '  the hydrazinolysate
rv i th  the  sa tu ra ted 'ammon ium b ica rbona te  (20ml )  and  ace t i c  anhvdr ide
(0.3 nr l ) ,  the ucetv l l ted hvdrazinolvsate rvas desal teci  by Dowex i0 x l
resin.  Pvr ic ly laminat ion of  the su-sar chains was done by the method of
Kondo at  u l . :+)  Separat ion of  PA-sugar chains was t1one brv HpLC on a
JASCO 880-PU HPLC appara rus  equ ipped  i . v i rh  a  JASCO 8 l t -Fp  In te l -
l i gen t  Spec t ro f l uo romete r .  us ing  a  Cosmos i l  5C l8 -AR co lumn (0 .6x
l5cm)  o r  an  Asah ipak  NHIP- j0  co lumn (0 .46  x  25cm) .  On  the  Cosmos i l
i c l8 -AR co lumn,  the  PA-sugar  cha ins  were  e lu tec j  bv  i nc rees ing  the
ircetoni t r i le  concentrat ion in 0.02% TFA l inear l l '  t iom 0 to l59i  for
40min  i r t  l ì ow  rn te  l . 2 ,m l , 'm in .  In  the  case  o t ' s í ze - t ìac t i o r ]a t i on  HpLC
usrns the Asahipak NH2P-i0 column. the PA-ol igosacchar ide was elutet l
br .n-  increasing the water content  in the water-acetoni t r i le  mir t r - r re f rom
-10% to  i 07o  l i nea r l , v  to r  25min  a t  a  f l ow  ra re  o f  0 .8ml , ' n t i n .

curhoh) 'c l rute ut tu lvs is.  carbohydrate composi t ion rvas analrvzeci  by gas-
l iquid chromatography (GLC) as t r imerhy' ls i ly l  der ivar ives at ìer  merh-
a n o l y s i s  ( 1 . 5 r  m e t h a n o l i c  H C I )  b y  t h e  m e t h o d  o i  M e s a  e /  r r l . : 5 , u s i n g
r i r - r ' o - i nos i to l  as  an  in re rna l  s tandard .  Fo r  GLC ana lvs i s .  a  H i tach i  c - i 000
gas  ch romatograph  w i th  a  DB- l  cap f la ry  co lun rn  ( j 0m , .  L ) .15  mrn .  J&w
Scient i f ic t  rvas used .

(ìlvc'osiclqse di,qestions. All digestions with r-mannosidase or f-man-
nosidase were done using about 100pmol of  the PA-susar chains uncjer
the condi t rons descr ibed in our previous report . r r )  The reacuons lvere
stopped by boi l ing the mixrures tor  3 min and e part  of  the digest  was
analvzed by SF-HPLC. In the case of  analyses of  the ulycosidase c l igests.
the PA-sugar chains were eluted by increasing the water content  in the
water- : ìcetoni t r i le  mixture f rom I8% to -109/o l inear lv at  a f lorv rate of
( ) .8  m l i  m in .

Ion-.spruv muss.\pcL'trontetrr. The mass spectrometer used rvas a perkin
E lmer  Sc iex  API - l l l .  t r i p le -quadrupo le  mass  spec t romete r  r . r , i t h  an  a t -
mospher ic-pressure ionizat ion ion source.  The mass spectrometer was
operated in the posi t ive mode: the ion spray vol tage was -1f00 V.  Samples
rvere typical ly  d issolved in 50% acetoni tn le, ,water  (contain ing 0.05%
tb rm ic  ac id )  and  a t  a  concen t ra t i on  o f  approx ima te l v  l 0pmo l ,p r l  and
introduced into the electrospray needle by mechanical  infLrs ion throush
a  m ic ro  sy r inee  a t  a  l ì o rv  ra te  o f  5p l ,m in .  The  co l l i s i ona l l y ,ec t i va réd
tJrssociat ion (CAD) spectrum was measured wi th arson as the col l is ion
-gas.  The col l is ion energy rvas 60- l00ev.  The scanning was done rv i th a

\ -G l r , cans  i r t '  So r  l t can  ( ì | r , . op ro tc ins
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j 0 ( )  \ l l l : 1 f l - . 1 ' , t í t l  \ ' l ) L ,L ' î r t )n t ( ' t r r ' .  rH -NN1 R mcasuremcr l r s  a t  r ( ) ( ) ! lHz
\ rc rc  dons  on  u  va r ian  VXR - r00  Ins t rL rn rcn t  u t  l 7  C .  . \  s r rn rp le  w 'as
dissolvcd in 99 969. 'n deì-r tcratcd r . r ,ater  ( , { ldr ich)  ancl  xcetone ' . las usc 'd i rs
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Results and f)iscussion
Purificutiott o.f pvridyluntinurad (P.4-') .sugttr clrctLns f ront the

.\toruqe glvt'opro teitt: oÍ' so)'beun .ieerls
PA-sr-rgar chains f rom the storage glycoproteins of  soy-

be: ln seeds \ , \ ,cre pur i f red by a combinat ion of  reversed-
phase (RP- ;  HPLC and s ize- t iac r ionar ion  (SF- )  HPLC.
Five PA-su,sar chain f ract ions ( l -V) were obtainecl  f rom
PA-der ivzrt ives of  a hydrazinolysute by RP-HPLC (Fig.
lA).  In th is reporr .  we used a 0.029/o TFAiucetoni t r i le
so lvent  s ) ' s ten l  ins tead o f  the  0 .1u  ammonium aceta te i  l -
bu tano l  so lvent  sys tem26)  o r  0 . l l r  phosphate i l -bu tano l
so lvent  sys tem. rT)  S ince  th is  so lvent  svs tem conta ins  no
sal ts,  the PA-sugar chains f  ract ionated could be easi ly and
c- l i rect ly analyzed by the ion-spray mass spectrometry or
IH-NMR spectrometry wi thour a desal t ing process. The
run-throush fract ion (between 5-10min) seems to contain
an excess of free 2-arninopyridine and some PA-sugar chains
h;rving only one GlcNAc residue at the reducing-end side,
since IS-MS/MS analyses of  some PA-sugar chains in the
run-throlrgh fiaction showed the fiagment ions zrrr-- 300
(GlcNAc-PA) and rnl :462 (ManGlcNAc-PA) but not at
ml:  503 (GlcNAc.-PA) (data not shown).  Hase et  ct [ .  have
shown that such sugar chains occur as the degradat ion
prodlrcts of the released sugar chains during hydrazinolysis
and pyr idylaminat ion.r6) More recent ly we also found high
mannose-tvpe free 'V-glycans bearing only one GlcNAc
residue in pea seedl ings run through a C18 column.12) The
smal l  peaks found between l0- l8min are not l ikely to be
l/--elycans, since MS,/MS analyses of these peaks showed
no signal  at  nt f  :  300 (GlcNAc-PA).  The PA-sugar chain
fri ictions (l-V) were flrrher purif ied by SF-HPLC using an
Asahipak NH2P-50 column. As shown in Fig.  lB,  e ight
PA-sugar chains (A-H) were purif ied: A and B from Frac-
tion I, C and D from Fraction II, E from Fraction III. F
from Fract ion IV, and G and H from Fract ion V. Struc-
tural features of these purif ied PA-sugar chains are sum-
marized in Table I. Eight rV-glycan structures deduced by
the elut ion posi t ions on a 2D sugar chain map:8'2e) were
further supported by IS-MS analysis.  The observed molec-
ular masses tor the pur i f ied PA-sugar chains agreed wel l
wi th the expected moiecular weights tor  each of  the deduced
struct ì"rres.  The parenr ions [ tVt  1 H)*]  tor  a l l  e ight
PA-sugar chains pur i f ied by SF-HPLC using rhe warer/
acetonitri le system were mainly observed as single-charged
ions on IS-MS spectra.  PA-Sugar chains A. and G, of  which
the elut ion posir ions did not correspond to those of  h igh
mannose- type sugar  cha ins  (Mann_rGlcNAcr -PA)  on  SF-
HPLC, were tound to be xylose-containing type structures
by sugar component analysis (Table I ) .
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Fig. 1. FIPLC of PA-Sugar Chains Prepared from the Storage Clvcoproteins in Soybean Seeds.

A: RP-HPLC of PA-derivarives irom soybean slor3se slycoproteins. PA-derilarivès were pLrt on a Cosmosil iCl8-AR column (0-6 x 2jcm) and eluted as described in

B: Size-fraclionation HPLC of rhe panially purifi€d PA-susar chains by RP-HPLC in A.
PA-Sugar chain iraclions obtained in A w.re put on a Asahipak NH2-P50 column (0.46 x zicm) and eluÌed as describ€d ìn the îexr- Numb€.s I-Y indìcate the PA-sùga.
chain fractions oblai.ed irnù,. M3; M4. M5. M6. M7. M8, and M9 in B are the €lution positions of Ml. M4C, M5A, M6B. M7B. M3A. MgA. .espectiv€ly. ATT means
rhÈ rni€gralor attenuatron.

Tabl€ I. Characterization of PA-Sugar Chains f.om Storagi Glycoproteins in Soybean Seeds

Peak name C

^  q i \H

Retention Time ( min )

GD

Molecular

Sizeu
RP.HPLC
Posi t ion

Man

Xvl
Fuc

GlcNAc ,G lcNAc-PA
IS .MS

[ M + H ] *
Expected

M3FX

M3FX

3 .0
0 .9
0.9
t . 1

l  268
1267

(M3FX)

M8

M8A

r 8 0 l
I 800

( M 8 A )

M 7

M7A

M9

M9A

M7

M7B

I  638
t631

( M 7 B )

M6

M68

t476
l1'/5

(M6B)

M 3 X

M3X

J . U

1 . 0

1 . 6

n22
I  r 2 l

( M 3 X )

M5

M5A

l 3 l 4
I J T J

(MsA)

l  638
t637

(M7A)

I  963
1962

(M9A)

Molecular sizc was measured by size-fracl ional ion HPLC. Mn =(Man),GlcNAcr-PA, M3FX = ManrFucrXylrClcNAcz-PA. M3X=Manr-
Xvl,GIcNAc,-PA.

MSIMS analysis and I H-NMR analltsis of PA-sugar chains
To confirm the deduced structures for eight PA-sugar

chains released and purified from the soybean glycoproteins,
the structures of these PA-sugar chains were furth er analyz-
ed in detai l  by IS-MS1MS specrromerry and iH-NMR.

(l) Analysis oJ' xylose-containing sugar chains (PA-sugar
chains A and G). The elution positions of PA-sugar chain
A exactly corresponded to those of authentic M3FX on
both RP- and SF-HPLC (Table I ) ,  and rhe sugar com-
ponent analysis showed that this PA-sugar chain consists
o f  Man (3 .01 ,  Fuc  (0 .9 ) ,  Xy l  (0 .9 ) .  G lcNAc (1 .0 ) ,  and PA-
GlcNAc (0.7) The molecular mass [M + H] * was found

to be 1268, which agreed with the calculated molecular mass
(1267) for  M3FX. As shown in Table I I ,  a l l  re levant s ignals
could be assigned as fragment ions derived from the de-
duced M3FX structure. The fragment ion at ml: 446.0
corresponding to Fuc-GlcNAc-PA indicated that a fìcosyl
residue is bound to the innermost GlcNAc residue. More-
over, all reporter signals observed on tH-NMR spectrum
agreed well with those of M3FX from one of the pokeweed
mitogens (PL-31:ot  as shown in Table I I I .  The chemical
s i f t s  o f  the  Xy l  H- l  (d :4 .458ppm)  and Fuc  H- l  (ò :
5.064ppm), in combinat ion wi th coupl ing constant . / ,  ,
(7.5'rIz) and (3.7 Hz), are indicative of 0- and r-configura-
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l v l an*G lcNAc , -PA (  I  I  5 l  0 )
N ' [un  rFL rc ,  Xy  l ,G lcNAc . -P , {  (  I  ] 68 .0 )
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Table f l I .  Chemical ShirÌs (ppm) of Struclurr l  Repo.îer Group Sìgnals of PA-Sugar Chains observed on j00 MHz 1H,NMR Sp€clromerry

R e p . r r t e r  ̂  . .'  K esrd ue
groups

M ] F X ' v lgA  b \,f 7A b D ÌVI9;\b \ ,{78' Nf  68 ' C; \ { tx ' M 5 A '

H l  o f

H2 o f

NAc of

CH3 o i

, 1  5 . 1 3 7
4' ,1.930
A . , N D
B N D
C N D
D I  N D
D2 ND
D3  ND
Xyl  4 .458
Fuc i .064
1  ^  1 . -- )  + . ' o /
4 .t.0.19
4',  1.999
A N D
B N D
C N D
D I  N D
D2 ND
D3 ND
r  1 . 9 1 6
2  2 . 0 5 , 1
Fuc 1.106

5 .1 i , l  5 .145
1.927 .1.875
ND 5 .088
N D  5 . 1 5 0
N D  5 . ] I 1
ND 5.0,19
ND ND
ND 5.049

1.152 ND
5.06 i  ND
4 . 2 1 3  , 1 2 1 8
.1.046 4.096
3 .996  -+ .152
ND 1.072
ND 4.028
N D  4 . l l l
ND 1.072
ND ND
ND 1.07?.
1 . 9 3 7  , 1 . 9 1 4
2.059 2.06 t
t  2d9 ND

5.340 5.3 '10
4 .868  4 .876
5.09 i  5 .095
5 .  r 4 5  5 . 1  5  1
5 .305  5 .058
5.045 ND
N D  N D

5.045 5.046
N D  N D
ND NID

4 I6  .+ .121
.1 .095  4 . l l l
-1. l4l  -1. i  55
4.070 4.011
-1.026 .1.020
4.108 -1 .074
4.070 ND
ND ND

4.010 4.071
I  .941 |  .911
2 .058  1 .061
N D  N D

5.  _ j49 5.3  3  5
; l . t6g .1.967
5.082 5.400
5 . 1 4 5  5 . 1 4 5
5 . 0 5 i  5 . 3 1  I
ND s .05 i
ND 5 .053

5.043 5.053
ND ND
ND ND

r l .2 l0  4 .211
4 . 1  l 4  4 . 1 0 2
4. 1,19 .1. I  52
,1 .068 4.  l0 l
4 .01  6  ,+ .013
-+.068 4. i  0l
ND 4.014
ND 4.074

4.068 4.014
l  .941 |  .913
1.058 2.062
ND ND

5.332 5.3 .15
-1.868 4.875
5.402 5.098
5 .  145  , 1 .910
5.308 5.309
5.058 5.049
5 .058  ND
5 .058  ND
ND ND
ND ND

4.2t2 1.22.0
4.098 4.098
4 .  t  52  4 .119
:1. 108 4.061
4 .0  r2  3 .984
4 . 1 0 8  4 . n 4
.1.071 4.061
4.07 | ND
4.0'71 ND
t .912 1.943
2.061 2.060
ND ND

- t  i 5 l  5 .351
-1.878 .+.876
5 .098  5 .  r 02
1 . 9 1 4  4 . 9 1 1
5 . i  r 6  5 . 0 5 8
5 .051  ND
ND ND
ND ND
ND ND
ND ND

1.227 4.219
1.097 ,1. I  l9
4 . 1 5 4  4 . t 5 4
4.069 4.0',7 |
3 .995  3 .991
4 .112  4 .07  |
1 .073 ND
ND ND
ND ND
1 .945  1 .94 j
r.063 2.060
ND ND

j .159  , i .  l 2  j
1 .880  1 .9  t ]
5 .  r 00  ND
4 . 9 1 6  N D
5.064 ND
ND ND
N D  N D
ND ND
ND :1..136
ND ND

4.227 1.749
4 .  l l  I  4 .037
4 .  r 57  3 .973
4.016 ND
3.998 ND
4.016 N D
ND ND
ND ND
ND ND
1.942 I  .946
2.064 2.067
ND ND

5 .  l ] r r  5 .  l 0 ]  5 . l 0 ( )
+ .91 I  + .875  4 .880
ND 5 .  102  5 .  I  00
N D  4 . 9 1 0  4 . 9 1 4
ND ND ND
ND ND ND
ND ND ND
ND ND ND

4.438 ND ND
ND ND ND

1.257 4.237 4.2.18
+.040 . i  080 -+.08 _
3 . 9 9 5  4 . r 5 1  4 . 1 5 4
ND 4.074 4.067
ND i .982 3.992
ND ND ND
ND ND ND
ND ND ND
ND ND ND
1 .949  t . 94 i  1 .916
1.075 t .06 t  t .070
ND ND ND

'  Reference J0.  '  Reierence 19.  '  Reference l l .

t ion of  the l inkages to Man-3 and GlcNAc- l ,  respect ively.
These results showed that the structure of pA-sugar chain
A  s h o u l d  b e  M 3 F X  [ M a n z l - * 6 ( M a n e l - - - + 3 ) ( X y l É l  - ,
2 ) M a n B  I  - ' 4 G l c N A c B  I  * 4 ( F u c r  I  . - -  3 ) G l c N A c - p A l  a s
shown in the Scheme.

The elut ion posi t ions of  PA-sugar chain G exact ly cor-
responded to those of  authent ic M3X on borh Rp- and
SF-HPLC (Table I ) .  and the sugar component analysis
showed that th is PA-sugar chain consists of  Man (3.0),  Xyl
(  1.0),  GlcNAc (0.9),  and PA-GlcNAc (0 7) The molecular
mass [M + H] " was found to be 1122. which agreed with
the expected molecular mass ( l  l2 l )  for  M3X. As shown
in Table II, all relevanr signals observed on MSiMS spec-
trum could be reasonably assigned to the fraement ions

derived from the M3X structure. The structure of this PA-
sugar chains was further analyzed by iH-NMR spectrom-
etry (Table III). The relevant chemical shifts of structural
reporter signals of the PA-sugar chain were also consistent
with those of  M3X t iom the A-chain of  r ic in D.t0) Con-
sidering these results together, the structure of PA-sugar
cha in  G was M3X [Mana l  -6 (Mana l - '3XXy lB l  - -2 )Man-
pl--- '4GlcNAcpl ---4GlcNAc-PAl as shown in rhe Scheme.

These l3l--.2 xylose-containing type l/-glycans (M3FX
and M3X) are known ro be wideiy distributed in vari-
ous plant glycoproteins, however, this is the first report
showing the detailed structures of these antigenic rV-glycans
of storage glycoproteins in soybean seeds.

(2) High mannose-t.vpe structures (PA-sttgar chain B, C,
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D, E, F,  und 11).  Since the elr-r t ion posir ions ot ' rhe PA-sugar
chain B. Cl .  D. E. F.  and H exact ly corresponded to each
e lu t ion  pos i t ion  o f  a i r thent ic  h igh  mannose- type PA-suear
chains on the 2D sugar chain map. the struct l r res coLl ld
be deduced as shor,vn in Table [ .  Actual ly.  seqLrenr ia lexogly-
cosidase digest ion of  these PA-sugar chains showed that
these sugar chains consist  of  several  r -mannosyl  residues
(4*8 residues) and one p-mannosyl residr_re besides PA-
chi tobiose, indicaf fng these sugí. ì r  chains are rypical  h igh
mannose-type structures (Fig.  2) .  The observed molecular
masses  ( [M +  H] ' )  o f  PA-sugar  cha ins  B,  C.  f ) ,  E ,  F ,  and
H exact ly corresponded to N{8A, M7A, MgA. M7B, M6B,
i ìnd M5A, respect ively (Tzrble I ) .  Moreover.  as shorvn in
Table f I ,  a l l  re levant f ragment ions der ived by the tandem
mass spectrometrv f rom each parent molecule were wel l
assigned, indicat ing the ser ia l  loss of  each sugar residue.
The deduced structures of  these six PA-sugar chains were
further analyzed by 500 MIJ.z 'H-NMR. As shown in Table
l I I ,  every structural  reporter group signal  of  these six PA-
sugar chains is in good agreement wi th those of  authent ic
PA-sugar chains already reported; PA-sugar chain B, C.
and D for M8A, M7A. and M9A, respect ively,  PA-sugar
chain E, F,  and H tbr M7B, M6B, and M5,A, respect ively.
Consider ing these resul ts descr ibed above together,  the
structures of  these six high mannose-type sugar chains were
as shown in the Scheme. Among these structures,  M9A was
the same structure found in soybean agglut in in, , t ,  M8A.
M7A. M7B, and M6B were the same structures tound in
75 soybean g lobu l in . ts )

Strttctttrrtl Jeatures oJ' ÌV-gl_v'can oJ' the storoge glv,coproteins
itt sovhean seecls
The est imated structures of  e ight N-glycans prepared

trom the storage glycoproteins in soybean seeds f-el l  into
two categories: the major class was a typical high man-
nose-type. the minor c lass was a xylose containing-type
( M a n r X y l , G l c N A c , ,  M a n . F u c , X y l , G l c N A c , ) .  A m o n g
these s t ruc tu res ,  ManrGlcNAc,  (28 .8%) ,  ManuGlcNAc,
(36. lya) were the dominant structures,  and i t  has been
revealed that the ,v-glycans l inked to the storaqe slvco-
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Schente Proposed Structures ot ' . \ ' -Cì l rcans Linked to thc Stor i igc Glyctrproteins in Soybean Seet ls.

, \  H correspond to P, \  suuar chains \  l f  in  Fiq.  lB.  Thc pyr idvlarr i ino resi r iues ure omit ted in th is scherne.
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Fig.  2.  Size-f ract ionat ion HPLC of  r - .  and [ ì -Mannosidase Di_sests of
PA-Sugar  Cha in  B ,  C ,  D .  E .  F .  and  H .

I .  na t i ve  P . \ - sugar  cha in  B .  C .  D .  E .  F .  and  H ;  l l .  r -mannos idase  d iges t  o t ' I ;  J I l .
p-mannosidase digest  o l  [ I .

proteins are almost high-mannose type structures (96.6%).
We have recently f ound and purif ied two l/-glycan releasing
enzymes tiom soybean extracts: one is an endo-É-lV-acetyl-
glucosaminidase (endo-p-GlcNAc-ase) which could hydro-
lyze the chitobiose l inkage of high mannose-type sugar
chains, and the other is a peptide: l/-glycanase (PNGase)
which could release both high mannose-type and xylose-
containing sugar chains.e) Theretore,  the resul t  obtained
in th is study demonstrates that  the soybean seeds contain
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I
the v i i r  io i is  endogcnoLls sui i . ; t rates tbr  t i rese t ' - r ' { . ;  , ' r ' -g l !cal l
re leasin,e enzymes. scl 'eral  h igh-mannose t) .pc À-glvcirns
w'hich can be substraies for  enclo-/ i -GlcNAc-ase and x1' lose-
cont i t in i r rg t ) -pe À'-s l t 'cans which can be substrates for
PNGase.

From t i re v ier , r , 'point  of  phi ,s io logicai  act iv i ty of  p la i"r t
or i_sin ,V-glycans. i t  i ras been recent lv rcported that the
À -gly 'cans hai , 'c  sonle physiological  ef lècts aqainsr the
r t rammal ian  ce l l s .  Gornez  e t  u / . r6 )  have shor , . .n  tha t  IgE
prepared f rom thc  a l le rq ic  pa t ien ts  (baker 's  as thnra  pr i t ien ts )
cou lc l  b ind  to  f 'ucosc  an  or  xy l r rse  contu in  i r rg  , \ ' -q lvcan
rno ie t ies  o f  the  h igh l l  a l le reen ic  r -amv lasc  inh ib i to rs  f rom
the r ,vheat anci  bar le l ' f ìours.  And they have aiso founcl  that
such IgE cor-r ld bincl  to ser,eral  storage gl1, 'coprote ins huving
l i l - .2 rr ' losi t l  and r1-* l  f ì rcosyl  resi t lues i r - r  scecls of  pea
(PisLtrrt .sttt it 'uttt). sovbe:lr-t (Glt,cine nrux). arrci contnlon
bean (Plnseolus t 'u lgur i . r ) . '6)  Concerning À'-glycans of
storage glycoproteins in pea seecis.  the str l lc turr-s l ra, , 'e
alreaclv been ident i f ìeci .  and lve c lemonstratecl  that  some
xvlose-containinq l / -g lycans (M3FX, IVI4X, anc- l  N, l_ lX).
r . l 'h ich would be responsible for  the al lergenrc epi t t - rpes
descr ibed in  the  prer ioLrs  repor t , r6 )  occur  in  the  s to ruqe
e lycopro te ins .  Lu)  On the  o ther  hand,  concern inq  f ' -g lvcans
of soy'bean _ulycoproteins.  oniy several  h igh mannose-rvpe
s t ruc t l l res  l inked to  sorvbean agg lu t in in r7)  and 7S g lobu i in ts r
l rave been ident i f ied.  Gomez et  u l . t  6)reported the occLlrrence
of xylose-containing N-glycans that could be recognizecl  by
lgE from baker 's asthma pat ients in soybean seecls,  however,
the detai led structures of  such A-glvcans have remainecl  to
be analyzed. [n thìs report. we have first for_rnd rV-glycan
s t ruc tures  hav ing  a  B l  - -2  xy lose  res idue (V t3FX and M3X)
in the soybean storage glycoproteins.  w,hich would be
responsible for  one of  the al lergenic epi topes. l6)  Sir-rce
Tsu3i et ul.3 t\ hilve recently purif ieci ant-l char:rcterized
a soybean al lergen (Gly m Bd 28 K),  rvhrch is a 26-kDa
-ulycoprotein bearing xy'losrvl and fuccrsvl residues and ciin
bind to IgE frorn sol ,bean-sensi t ive pat ients.  the M3FX
structure descr ibed in th is report  shoLr ld be l inked to the
soybean a l le rgen.

.{c'knowledgmcnt. The authors are verv gratc|r-rr to The lon-spray. NlS
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