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Summary
Lit t le is known about the al terat ions that have occurred

at the indiv idual  g lycosylat ion s i tes in al lergy pat ients

or how these glycosylat ion patterns may change af ter

ant i -a l lergy t reatments.  Using reverse-phase HPLC, we

have quantitated the glycoforms present at the individual

glycosylat ion s i tes on orosomucoid isolated from the

sera of  a l lergic react ion pat ients and an al lergic

reac t ion  pa t ien t  t rea ted  w i th  the  an t ih is tamine

Terfenadine. The glycan structures isolated from the

f ive glycosylat ion s i tes for  the indiv idual  taking

Terfenadine were al l  wi th in normal ranges. I t  is

suggested that i f  the changes in glycosylat ion in OMD

in the al lergic state are funct ional ly dr iven, then i t

should be possible to correlate biological  act iv i t ies wi th

quant i tat ive changes at  the indiv idual  g lycosylat ion

si tes,  and hence further def ine the role of  OMD in

al lergy and inf lammation.

Introduction

The l ipocal in Orosomucoid (OMD; a1-acid glycopro-

tein;  AAG), is a posi t ive acute phase reactant contain-

ing f ive.^/- l inked complex glycan chains [1] .  The glycan

structures and the percentage of  each at  the indiv idual

glycosylat ion s i tes of  OMD isolated from normal sera

irave been studied extensivel \ '  [2+] .  horvever,  their

func t iona l  ro le  remains  unknown.  Recent  s tud ies  have

indicated that the glycan microheterogenei ty in OIvID
var ies  w i th  the  acu te  phase [5 ,  6 ] .

Cytokines, products of  act ivated polymorphonuclear

(PlvIN) cel ls and mediators of  hypersensi t iv i ty reac-

t ions,  a l ter  the plasma concentrat ions of  the acute
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phase proteins and induce changes in the glycosylat ion

pattern of  the OMD produced in hepatocytes [7-9] .
Dur ing the al lergic react ion,  a var iety of  cel ls are

tr iggered by such mediators as platelet-act ivat ing factor

(PAF) to release vasoact ive amines that contr ibute to

the al lergic inf lammatory reponse af ter  in i t ia i  IgE-

med ia ted  mast  ce l l  ac t i va t ion .  Schmid  e t  a l '  [10 ]
determined that OMD is capable of  suppressing lym-

phocyte prol i ferat ion and a var iety of  other immune

funct ions.  This modulat ion of  act iv i ty was shown by

Pos e t  a l .  [1 i ]  to  be  due to  a  decrease in  the  overa l l

b iantennary content of  the molecule,  and i t  has been

suggested [12] that  a part icular total  g lycan content on

OMD may be responsible for  mediat ing speci f ic  b io log-

ical  act iv i t ies.  OMD may control  the durat ion of  the

al lergic response by down-regulat ing the sensi t izat ion

s tage ( l ymphocy te  ac t iva t ion  [10 ] )  o r  by  p revent ing  the

media tors  PAF [1 ] ,  h is tamine [13 ] ,  and sero ton in  f rom

caus ing  acu te  o r  chron ic  in f lammat ion .  L i t t le ,  however ,

is known about the al terat ions that have occurred at  the

indiv idual  g lycosylat ion s i tes in al lergy pat ients or how

these glycosl , iat ion patterns may change af ter  ant i -

a l lergy t reat inents.

In previous work,  we have developed chromatographic

methods [1a] to determine the glycan composi t ion [2]
and the percentage of  each [2]  present at  the indiv idual

glycosylat ion s i tes of  OMD isolated from normal sera.

These chromatograph ic  p rocedures  have now been

app l iec i  to  the  OMD iso la ted  f rom the  sera  o f  a l le rg ic

reac t ion  pa t ien ts  and an  a l le rg ic  reac t ion  pa t ien t

t r e a t e d  w i t h  t h e  u n t i h i s t a m i n e  
- f e r f e n l r d i n e  ( S e l d a n e ) .

Experimental

Mater ia ls and Methods

Chent icals.  Ai l  reagent grade chemicals and high

per fo rmance l iqu id  chromatographv  ( I {PLC)  grade

so lvents  were  f rom F ishcr  Sc ien t i f i c ,  P i t t sburgh,  PA.

HPLC grade rva ter  was  pur i f ied  in  our  labora tory .

Aff in i ty chromotograp l ryt .  The immunoaff in i ty column

was rnac ie  as  prev ious ly  descr ibed [15 ] .  One to  two mL

of sera f rom al lergic react ion pat ients were loaded onto

the  a f f in i t y  co lumn and washed w i th  300 mL o f  0 .01  M
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p l iosphate  and 0 .1  M NaCl .  The bound OMD wAS
eluted with 0.01 M phosphate pH 7.4 containing i  Ìvf
NaCl.  the immunoaff in i ty pur i f ied OMD was reduced
and alkylated according to the procedure of  Ikenaka et
a l .  [16 ] .  The reac t ion  was s ropped by  desa l t ing  on  a
Sephadex G-25 (Sigma) column (0,5 x 40 cm) and rhe
product lyophi l ized.
Enrloproteinase Glu-C cleovage. The isolated OMD
was c leaved w i th  E ,ndopro te inase Glu-C (V-8 ,  Boe-
hr inger Mannheim Chemicals,  Indianapol is,  IN, USA)
in  150 pL  o f  0 .1  M phosphate  pH 7 .8  a t  an  enzyme ro
reduced and alkylated protein concentrat ion rat io of  1 :
20 for  24 h at  room temperature.
High performance liquid chromatography. Reverse
phase HPLC gradients were generated by dual  Kratos
Spectrof low 400 pumps control led by a Kratos model
783 and chromatograms were recorded and peak areas
integrated using a 7290 SpectraPhysics Integrator.
Detect ion was at  276 nm for the in i t ia l  V-8 c leavage
separat ion and 214 nm for fur ther pur i fy ing the
glycopept ides.  The pur i f icat ion and ident i f icat ion of
the indiv idual  g lycosylat ion s i tes were as previously
descr ibed [2] .
Desialylarion Sialidase from Clostridium perfringens
(25 units insolubil izedlgm of agarose; Sigma) was used
to desialy late the glycopept ides.  The isolated glycopep-
t ides were incubated with 0.250 uni ts of  the enzyme in
400 pL of  0.1 M acetate,  pH 5.0 for  24 h at  37 "C. The
glycopept ides were separated from the beads by

centr i fugat ion in Spin-X centr i fuge f i i ter  uni ts (costar,
Cambridge, MA, USA),  and concentrated from the
acetate buffer using CtS S"p Paks (Waters).  The
isolated glycopept ides were rerun on the C1g column
(218-TP-510) ro derermine changes in rhé HpLC
profi les.

Electrophoresis. Sodium dodecyl sulphate-polyacryla-
mide gel  e lectrophoresis was performed under reduc-
ing condi t ions according ro Laemmli  [17]  using anl l  . /o

slab gel  (Hoefer Scient i f ic  Instruments,  San Francisco,
cA, usA).

Results and Discussion
The pat ients l is ted in Table I  were used for determining
the glycan percentages at  each of  the indiv idual
glycosylat ion s i tes on OMD from treated and non-
treated al lergic react ion pat ients.  The OMD was
isolated from 1-2 mL of  sera f rom each of  these
pat ients.  This OMD, isolared by af f in i ty chromarogra-
phy, was from single donors and not pooled samples.
Electrophoresis of  the af f in i ty- isolated OMD gave a
single band at  approximately 41,000 dal tons.  The
percentages of each major glycan type at the five
glycosylation sites were determined for this isolated
OMD based on the peak areas from the HPLC
chromatograms. ( In th is context ,  we def ine the major
glycan forms as the c lasses of  b i ,  t r i  and tetraantennary.

Table I Percenlages of rhe comPlex glycan types at eacb of the f ive gìycosylat ion sites for oMD isolated from al lergic reaction patients. Tet -
tetraantennary. Tri  -  l r iantennary Bi - bian!ennary. The standard devial ion calculated for each of the f ive glycosiylat ion sites for the OMD
obtained from'normal 'sera were determined previously [2].  GPI denotes !he composit ion for only gene produ-ct L

I

I
L

Al le rg i c  Reac t ion

Percentage of  Tetraantennary Percentage of  Tr iantennary Percentage of  Biantennary

Pa t ien t Pa t ien t P a t i e n t

' N o r m a l ' O M D

Tet 0.0

Tr i  91.4  + 0 .3

B i  8 .6  r  0 .3

95.5 94.6 92.5

Tet  14.6 t  0 .3

Tr i  24.8  + 0 .6

Bi  60.6 r  0 .4

20.8 2r.8 14.9

42.0 28.4 25.9

31 .2 49.'t 59.2

Tet 58.9 + 0.5

Tri 32.0 t 0.3

B i  9 .01  0 .2

69.3 68.5 6r.2

26.6 29.1 30.4

Tet  79.1 t  0 .8

Tri 20.9 + 0.8

B i  0 .0

11  . t  75 .9  78 .3

22 .9  24 .1  2 r . 7

Tet 84.8 t 0.4 |  st. :  82.0 82.7

V-GPI  I  Tr i  15.2  r  0 .4 18 .7  18 .0  r7 .3

0 0 0 .0  0 .0
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Subclasses of  mono or bi fucosylated or the aclc l i t ion of
a nonbisect ing GalGlcNAc are included iv i th the forrn
from which they were der ived).  The glycan percentages
are reported for only the desialy lated forms of  the
glycopeptides generated from the five glycosylation
si tes of  OMD.

Table I gives the percentages found for each of the
major glycan forms on OMD from these allergic
react ion pat ients and are reported according to indiv id-
ual  g lycosylat ion s i tes.  These are compared to the
percentages found previously for "normal" Olv{D [2].
Al l  of  these al lergic react ion indiv iduals presentecl  wi th
type I  hypersensi t iv i t ies.  Par ienrs 1 and 2 (Table I )  were
current ly having an al lergic response, to var ing degrees,
at  the t ime the blood was drarvn. Pat ient  number one,
rvho was hospi ta l ized, ( th is serum was obtained from
the Diagnostic Immunology Laboratory of University
Hospital) had a much greater deviation from the
normal percentages for the glycans present.  However,
each indiv idual  showed the same direct ion of  change at
each si te,  per glycan, suggest ing that these glycan
patterns are specific to the allergic response. The
sever i ty of  the al lergic response is ref lected in the
magnitude of  these changes (Table I ) .  This i l lusrrates
the importance of  looking at  the direct ion of  change
and not just  the magnitude. Thus, standard deviat ion is
less important as a method of  measur ing var iat ion in
the glycan structures at  indiv idual  s i tes,  s ince the
sever i ty of  the response determines the magnitude of
change in the allergic group. The increase in severity of
the al lergic react ion for  th is group of  indiv iduars was 1
> 2 > 3 (Table I ) .  This s i tuat ion where the sever i ty of
the disease determines the magnitude of  the change in
the glycan structures may also occur in other disease
s ta tes  as  we l l .

Tentat ive support  for  the changes in the glycan
structures being coupled to the al lergic response comes
from the resul ts of  pat ient  #3 on ant ih istamine therapy
(Seldane, 60 mg b. i .d.) .  The glycan structures isolated
from the five glycosylation sites for this individual were
al l  wi th in normal ranges (Table I ) .  This suggesrs thar
the medicat ion inhibi ts the induct ion of  changes in the
OMD glycan prof i les resul t ing f rom the al lergic re-
sponse.

The number of  pat ients sampled in th is prel iminary
work was too smal l  to be stat ist ical ly s igni f icant,  but  the

resu l ts  a re  in t r igu ing  no t  on lv  fo r  the i r  in te rna l  cons is r -
enc / ,  bu t  a lso  because thc  inc rease in  the  [c [ ra -
antennary glycan content (49.7 , r /o for  a l lergic react ion
pat ien ts  versus  47  .7  % +  1 .1  [2 ]  fo r  normals )  agrees
wi th  the  resu l ts  o f  Pos  e t  a l .  [11 ] .  In  add i t ion ,  rhe
procedure provides informat ion on the glycan struc-
tures present at  the indiv idual  g lycosylat ion s i tes for
indiv idual  a l lergic react ion pat ients.  I f  changes in
glycosvlat ion in OMD in the al lergic state are related to
i ts funct ion,  then quant i tat ive correlat ions may be
drawn between these biological  act iv i t ies ancl  the
composi t ional  changes at  the indiv idual  g lycosylat ion
si tes.  This wi l l  help to c lef ine rhe role of  OMD in al lergy
and inf lammation.

References

l i ]  A lpha l -ac id  g l vcopro te in :  gener i cs ,  b iochemis t r v ,  phys io log i -
cal  funct ions and pharmacolog), .  p.  Beuntann, C.  Eap, W.
Mi i l ler ,  J . -P.  Ti l lemenl ,  eds.  Alan R. L iss,  New york.

12) M. Treuheit, C. Costello, H. B. Hatsatt, Biochem. J. 2g3, 105
(reez).

t3] B. Fottrnet, J. MonÍreuil, G. Strecker, L. Dorland, l.
Í laverkamp, J. Vliegenthart, J. Binette, K. Schntid, Biochemis_
t ry  17 ,5206  ( i 978 ) .

[4] K. Schntid, J. Binette, L. Dorland, J. Vliegenthart, B. Fottr,et,
J.  Montreui l ,  Biochim. Biophys.  Acta 581,  356 ( Ig '79).

t5]  J. -E.  Ht tnsen,  V.  Lt t rsen,  T.  BOg-Hnnsen, Cl in.  Chinr .  Acta
1 3 8 , 4 1  ( 1 9 8 4 )

t6]  M. Treuhei t ,  H.  B.  Halsal l ,  Glycoconjugate J.  g,251 (199i) .
Í71 T. Alant, J. Papaconstantinou, Biochemistry 31, 192g (IggZ).
t8]  A.  Mackiewicz,  M. Ganapathi ,  D.  Schul tz,  I .  Kushner,J.  Exp.

Med. 166, 253 (1987).

i9] O. Pos, H. Moshage, S. Yap, J. Snieders, L. Aarden, J. van
Gool, W. Boers, A. Brugntan, W. van Dijk,Inflammation 13,
41s (1989).

[10]  M. Bennett ,  K.  Schnúd, proc.  Nat l .  Acad. Sci .  USA 77,6109
(  1  980) .

[11]  O. Pos,  R.  Oostendorp,  M. Srel t ,  R.  Scheper,  W. vun Di jk ,
In f l ammat ion  14 ,  133  (1990) .

[12) V.  Singh,  H.  Fudenberg,  Immuno. Lerr .  14,  9 (19g7).

[13]  W. Chachaj ,  Z.  Bartecka,  J.  Malolepszy,  Arch.  Immunol .
Ther .  Exp .  28 ,947  (1980) .

[14]  M. Treuhei t ,  H.  B.  Halsal l ,  Chromatographia 31,47:  (1991).
[15]  M. Treuhei t ,  H.  B.  Halsal l ,  Biomed. Chromatosr.  6.  5A_52

(reez).
[16] T. Ikenaka, M. Ishigura, J. Entura, H. Kaufntann, S. Isemura,

W. Bauer, K. Schmid, Biochemistry 11, 3g17 (1972).
[17]  U.  Laentml i ,  Narure ZZ7,680 (1970) .

R e c e i v e d :  J u \ 2 7 , 1 9 9 2
Accepted: Aul24,1992

92 Chromatographia  Vol .  35,  No.  1 /2 ,  January  1993 Or ig ina ls


