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I N T R O n r C T I O N

One very striking aspect of the syndrome of atopy in man is
the multiple sensitivity to a variety of apparently unrelated
allergenic materials. A high incidence of eross-reactivity for
totally different allergens has repeatedly been observed dur-
ing intraderinal assay in atopic subjects manifesting elinical
sensitivity to one of these allergens only. Of the several ex-
planations suggesting themselves for this phenomenon, -com-
mon antigens in diverse allergen preparations, polyvalent
sensiti/.ation—the proposal of shared antigenic (or allergenic)
determinants among otherwise distinct (glyco) protein mole-
cules has gained attractiveness since the demonstration of N-
glycosidic lysine-sugar units within the molecular framework
ot several atopic allergens (4, 7, 8, 10, 14, 16).

It was consitlered that the possible antigenic relationship
between ditterent allergens in this sense of shared deteriiii-
nants, structurally identical or closely related, might be detec-
table by studying the in vitro interaction of different allergens
with an antiserum to a single allergen preparation. The pre-
sent paper reports precipitation reactions observed during
immunotliffusion in systems of rabbit antiserum to purified
human dandruff allergen, with ilifferent allergens or syn-
thetic protein-sugar motlel conjugates as the antigens.
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M A T E R I A L S A N D M E T H O D S

Antisera to purified human dandruff allergen, fraction E (12}, were raised in
two rabbits as described elsewhere (6) ; the antisera were pooled because no
significant qualitative or quaEititative differences were detected by conventional
sernlogical techniques. A fidl description of the dandruff allergen E and of its
reaction with homol<)gous rabbit antiserum is being published elsewhere (6).
Analytical techniques involved gel-diffusion methnds in agar gel at pH 8.2
(veronal buffer, incorporating merthiolate i: 100 ooo) on microscope slides ac-
cording to Oachlerlony; diffusion was allowed to proceed in a moist chamber at
ro(Mii temperature for 24-48 h. Immuno-electrophoresis was done in agar gel at
pH 8.6 by the Siheidegger microtechnique {24). The pooled imnnune serum was
used undiluted; e, per cent solutions of the antigens or allergens in saline or in
verona! buffer pH 8.6 were applied unless otherwise stated. A description of the
nature and properties of the atopic allergens and synthetic protein-sugar model
compounds has been given in separate communications {5, 7, 8, 10, 17).

RESn.TS

J he composition of the skin-reactive allergen fraction E 1 rom
normal human dandruff has been investigated by chemical
(12) and immunocheniical (6) methods. The allergen frac-
tion, used for raising the rabbit antiserum, proved to be very
heterogenous, and the occurrence of human serum albumin,
2.> S-ttj-glycoproteins, epidermal glycoproteins and, presum-
ably, of prekeratins or keratin-derivatives has been establis-
hed. Immunochemically, no other serum proteins were detec-
ted; with the aid of specific antisera the absence, in particular,
was ascertained of a:.-macroglobulin, ffi-acid glycoprotein, «i-
antitrypsin, /?-lipoprotein, /3.,-glycoprotein, transferrin, IgA,
IgG and IgM.

The earlier chemical evidence for N-glycosidically bound
sugar in the protein constituents of the ilandruff allergen
(7, 8, 10, 12} could be extended immunochemically by the
application of synthetic conjugates of D-ribose and serum
albumin or 1.^ S-«2-gIycoproteins for shifting the precipitin
arcs in the immunoelectropherogratns to the position occupied
by these -apparently tnodifietl- scrum proteins in the pattern
obtained with dandruff allergen K and its antiserum (6) . Sev-
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Fig. I.
Immunoelectrophorusis of human dandruff allerfren, fraction E, against homo-
logous rabbit antiserum; agar-gel electrophoresis of d;nidruff fraction E, 5 per
cent solution in veronalbuffer pH 8.6 (top hole and bottom hole, anode on the

right), immunodiffusion against undiluted antiserum in centre groove.
Stain: Naphtol Hlue Black.

eral of the other constituents in the allergen fraction were
found to share antigenic determinants.

The complex composition of the tlandruff allergen fraction
K and the multiplicity of precipitating antibodies in the homo-
logous antiserum becomes apparent in the immunoelectrop-
horetic pattern reproduced in Fig. i.
Though recognizing the restrictions imposed on conclusions
drawn from experiments with this antiserum, it was decided
to study its reaction with other atopic allergens in order to
uncover possible antigenic relationships to the components in
the dandruff allergen fraction.

a. House Dust Allergen

It does not surprise that cross-precipitation readily occurred
with both the D- and E-fractionof house dust (Fig. 2). Several
reports have communicatetl the presence of human dandruff
components in the active allergen tractions from house dust
(11, 22, 2,3). The extensive cross-precipitation of the D-frac-
tion of house dust, in particular, adds significantly to the
earlier clinical (1,"^), chemical (12) and immunochemical (11)
evidence for dandruff constituents and serum proteins in this
fraction. The D-fraction of house dust, lor instance, shares
full antigens (serum albumin) with the human dandruff frac-



Fig. 2.
Inimunoelectrophoresis in agar gel of house dust fractions E and D against rabbit
anti human dandruff (fraction K) serum; eleotniphoj-esis: 5 per cent solutions of
dust fraction E (top hole) anil of dust fraction 1) {bottom hole) at pll 8.(1, anode

on the right. Undiluted antiserum for immunodiffusion in centre groove.

tion E ( i r , 22, 2_^); however, the relationship with respect
to the very potent K-1 raction ot house dust is less evident, be-
cause this allergen—though not free Irom traces of albumin
and of minor dandrutf constituents (21)—is predominantly
composed of plant glycoproteins ( r j , 21) . The single pre-
cipitin arc observei.1 with dust fraction E (Fig. 2) is not in the
position of albumin and, consecjuently, there is room here for
suggesting cross-precipitating to he due to sharetl structural
determinants among the chemically distinct allergen fractions
E from house dust and from human dandrul (.

b. Horse Dandruff E.xlraet

The antiserum for human dandrufi fractu)n E precipitated
the non-dialyzable portion and a partially purified allergen
fraction from horse dandruff. The single precipitin arc ob-
served, in the position of an a^-globulm, could not be ascribed
to the trace amounts of horse serum «^-niacroglobLihn reportetl
in horse dandruff extract (25), nor to possible traces of na-
tive horse serum 2.^S-«:;-glycoproteins. Further immunochemi-
cal analysis has led to the proposal that horse dandruff and
human dandruff low-molecular weight ^^.-glycoproteins share
determinants which are absent from the native preparations
isolated from the serum (6).



c. Other A topic Allergens

Several purified allergen samples were screened by the
method of double diffusion in agar gel for possible precipi-
tation reactions with the anti human tlandruff serum. With
the exception of the purified mould allergen triehopliytin (i )
all allergens investigated gave rise to one or more precipitin
lines in tlie imnuinoprecipitation pattern. However, in a few
cases these precipitin lines were too weak for photographic
recording, while the low antibody titre for several other
allergens necessitated a refill of tbe antigen wells after 24 h
of diffusion and an extension of the diffusion period to 48 or
72 h. Some representative patterns have been collected in

Fig. 1, a shows the formation of 4 precipitation lines of the
anti dandruff serum with the non-dialy/able components from
an allergenic extract ot aged cliicken feathers. One of the lines
nearest the antigen well completely fuses with the single pre-
cipitin line obtained with the allergen fraction F from Succns
Liquiriliae ( 2 ) .

^'S- 3 ^ gives the precipitation pattern obtained with the
allergenic feather extract and the purified kapok fraction E
(4). Of the three precipitation lines observed with the feather
extract, one exhibits antigenic itlentity to one of the kapok
antigens.

Precipitation reactions of the anti dandruff serum with a
purified allergenic extract ot hay (fraction IIH-C, compare
ref. 15), and with house dust allergen fraction E and homo-
logous dandruff allergeti E are shown in Fig. 3 c. The preci-
pitin lines with HH-C were only very weak: however, exami-
nation with a photographic cnlarger indicated reactions of
identity between inilividual components of the three allergen
preparations.

A similar conclusion of antigenic similarity was reached for
constituent substances of several other allergen preparations.
Fig. 3 d shows cross-precipitation of the anti dandruff serum
with allergenic fractions from tomato, feathers, has, kapok
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Fig. J.
Ouchterlony gel diffusion pattern of anti human dandruff serum (30 ^1,
undiluted, well no i) against dialyzed feather extract FE—A (30 ;ul 5 per
cent solution, well no 2)) and allergen fraction SI.-I" frr)m liquorice (30 /»!
5 per cent solution, \vcll no 3).
Diffusion pattern of anti human dandruff serum (well no i) against kapok
fraction Kl ' -E (wells 2 and s) and feather extract FE—A (wells 3 ;ind 4) ;
antigen wells filled with 30 /xl s per cent solutions.
Precipitation pattern during immtinodiffusion of house dust allergen frac-
tion E (well no 2, 30 /il 5 per cent Sf)luti<)n'i, homologous human d.indruff
fraction E (well no 4, 30 ii\ 5 per cent solution) and hay allergen fraction
HH-C (well no 6, 30 /il 5 per cent solution) against undiluted anti human
dandruff (fraction E) serum (centre well, 30 //I). Wells 1, 3 and 5 empty.

and ipecac, while the fusion of several of these precipitin arcs
is indicative of reactions of identity. The fusion of two of the
precipitation lines of feather extract with two of the arcs
observed with the active tomato allergen fraction TO-G (16)
is especially interesting, firstly because determinants are also
shared with the kapok and ipecac allergens, and secondly be-
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Fig. 3-
d. del diffusion of undiluted anti human dandruff serum (centre well, 30 fiV)

against purified allergt-n fractions from tomato (TO-CJ), feathers (FE—A),
hay (HH-E) , kapok (KP-E) and ipecac ( IPC-D). All fillings consisted of
25 /il 5 per cent solutions, one refill after 24 h. Positions of separate allergens
indicated in tracing,

cause these cross-reactions with the antiserum can clearly not
be attributed to a common contaminant substance (for instance
a product of moulds). The glycoprotein allergen from toma-
toes originates in the inner parts of the fruit during non-
en/.ymatic browning processes ( i 6 ) , and there is no gross
chemical relationship with the keratin breakdown products in
extracts of aged feathers (9) .

d. Model Compounds

In view of the e\'idence tor the incorporation of N-glyco-
sidically bound sugar in the human dandruff allergen (6, 7, S,
10, 12), it was considered that the cross-precipitations obser-
ved might be due to antibodies for the lysyl-sugar hapten;
similar lysine-((-amino)-sugar residues have been demon-
strated in other atopic allergens (4, 7, 8, 10, 12, 16, 17).
Accordingly, a number of model compounds was prepared,
composed of crystalline proteins complexed with sugar by
coupling different monosaccharides to the e-amino groups of
lysine residues in the polypeptide chain; in the present study
(A'albumin was used which had been made to react with



Fig. 4-
Prt'cipitatioii pattern of undiluted anri hu-
m.'in dandruff (fraction E) serum (i:entre
well) against synthetic /J-lact<jglobulin-lac-
tose complexes of different degree of con-
jugation. All -luter wells filled with 25 ti\
5 per cent solutirins. one refill after 24 h.
Well di'signations:

i : cryst. /J-iactoglohulin (control), "Available lysine" 11.3 per cent.

2: conjugate A, "available lysine'" 8.3 per ceit.
3: conjugate B, "available lysine" 6.7 per cent.
4: conjugate C, "available lysine" 4.6 per cent.
5: conjugate D, "available lysine" 4.4 per cent.
Well no 6 empty; tiitai diffusion period: 48 h. For c{>njugates compare ref. 17,

different sugar partners, while /3-lactoglobulin-lactose com-
plexes (BLCi-lact.) of ditterent tiegree of conjugation were
also used (17).

Fig. 4 reprotluces the pattern obtained after double diffu-
sion of the anti tiandruff serum against several BLG-lact.
conjugates (preparations A, B, C and D, isolated after 48,
96, 144 and 168 h of reaction with lactose respectively, com-
pare ret. 17), representing compounds of increasing degree of
conjugation (i.e. decreasing content of "available" lysine).
The native parent protein did not react in this test; the pre-
cipitating capacity ol the protein-sugar complex diminished
wih increasing degree of conjugation, best results (and doub-
ling of the precipitin line) being obtained with the I5-prepara-
tion (Fig. 4). "r hese precipitation reactions couU! be almost
completely suppressed by the inct)rporation of the low-niole-
cular weight hapten N-( i-deoxy-i-D-fructosyl)-r-aminocaproie
acid (EACAF, ref. !^) in the antiserum prior to diifusion; the
control conipounti f-aminocaproic acid provetl a far less effec-
tive inhibitor.

These ^S-lactoglobulin-lactose preparations differ from the
parent protein by the incorporation of i-i.leoxy-2-ketoses
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attachetl to the f-aniino group of lysine residues, i.e. the glu-
cose moiety of lactose binds to the protein ainino group, while
the galactosL- moiety is subject to elimination as a result of
rearrangements in the sugar partner (17). In consequence, the
above experiment proves the anti dandruff allergen serum to
encompass antibody tlirected against the lysine-sugar deter-
minant.

Fig. 4 also indicates that

a. degradation reactions in the carbohydrate moiety of the
protein-sugar complex—promoted by long-term incuba-
tion at 50" during the preparation of the conjugate—
tend to destroy the determinant (Fig. 4).

b. the engagement ot an increasing number of lysine resi-
dues, up to a limiting value, gives rise to the appearance
of a second precipitin arc in the gel-diffusion pattern.
Tentatively, this may be interpreted as indicating the
anti-lysine-sugar antibodies in the antiserum to be he-
terogeneous with respect to the chemical composition of
the particular peptide portion carrying the lysine-sugar
determinant; this would support the proposal that the
aniino acitl sequence adjacent to this determinant coo-
perates in determining antigenic specificity (}, 4) .

The possibility was considered that the specificity of the
lysine-sugar determinant might still be dictatetl by the naturti
of the sugar partner. In a series of studies precipitation reac-
tions were accordingly investigated of the anti dandruff serum
with protein-sugar models prepared by the reaction of crystal-
line ovalbumin with glycolaldehyde, glyceraldehyde, erythrose,
ribose, arabinose, fucose, glucose and lactose. With the excep-
tion of the first three products, all conjugates produced one
(weak) precipitin line with the antiserum, which mutually
joined in a reaction of itlentity (Fig. 5 ) ; a second, separate
precipitin arc was seen with the ovalbumin-arabinose complex.

Accordingly, the specificity of the precipitating antibody
does not depend on the nature of the sugar partner attached
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Fig. 5.
Tracing of precipitation pattern of anti human dan-
druff serum (centre well) diffused against synthetic
ovalbumin-sugar conjugates in the outer wells, -viz.
(clockwise) : cryst. ovalbumin control (OV), and

O further ovalbumin conjugated with arahinose, ribose,
' ^^ fucose, glucose and lactose respectively. Welh filled

wiili 2? Î 5 per cent solution, one refill after 24 h.
Total diffusion period 48 h.

to the antigen-lysine residues, but since the lower-membered
aldoses did not react, and because the ovalbumin-arabinose con-
jugate proved the better antigen of the series, it was interred
that the antiserum largely encompassed antibody tor the stabil-
ized ft)rm of one of the enolic tautomers of the N-glycosidic-
ally bound sugar residue (5, 7, 8). Formation of this socalled
"pseudo-isoxazoline" structure of the antigenic determinant
(5) would, in fact, be facilitated by the configuration of the
hydroxyls at C-2 and C-J of arabinose:

Peptide-C ^ N-Peptide

HO-CH
\

HC-OH

At this point the question arises whether thermal denatura-
tion of tbe sugar partner during the preparation of these con-
jugates might not have uncovered perfectly natural "hidden"
determinants structurally related to similar determinants in
the human dandruff allergen (for instance oligosaccharide-



341

AbO

BLG-lact
Fig. 6.

Inimunoiiiffusion in agar gel (pH 8.2) of BLG-lactose conjugate preparation C
(compare Fig. 4 and ref. 17) and ovomucoid against rabbit anti human dandruff
(fraction E) serum. Well designations in tracing correspond to those in original.

Antigen wells filled with 25 /il 5 per cent solutions, one refill after 24 h.
Total diffusion period 48 h.

sialic acitl chains). A subsequent experiment made this un-
likely: the anti dandrutf scrum precipitatetl the crystalline egg-
protein ovomucoid, and the Ouchterlony gel plate revealed
antigenic identity with the ^-lactoglobulin-lactose conjugate
(Fig. 6). Native j8-lactog!obulin, ovalbumin, conalbumin or
lyso/.yme did not precipitate the anti tiandruff serum. Un-
fortunately, extensive studies have hitherto failed to disclose
N-glycosidically bound sugar in ovomucoid; yet, this prt)tein
provetl to be extremely, and specifically, potent during skin
tests in egg-sensitive indivitluals ( i 8 ) . Similarly, no lysine-
sugar residues have been detected in the feather allergens (9) .
1 lowever, since there is some physicochemical evidence for un-
common intcractitins between amino groups and sulphhydryl
groups in both ovomucoid anti soluble feather keratins, the
cross-reaction of these allergens with the anti dandrutl serum
might possibly find an explanation in the existence of pseudo-
isothiazoline ring systems in these biologically active proteins,
structurally related to the pseudo-isoxazoline hapten shown
above. The precipitation reactions with ovomucoid or feather
allergens as the antigens could not be inhibited with N-( i -
ileoxy-1-D-fructosyl)-f-aminocaproic acid.



During some preliminary quantitative assays entire preeipi-
tin curves were determined (20) of the antiserum with homo-
logous dandruff allergen, house dust allergen (Iraction li) and
feather allergens as the antigens. Antibody titers for heterolo-
gous house dust antigen, feather extract or normal human
serum were considerably lower than for homologous antigen.
Inhibition experiments with KACAF were most succesful with
the homologous antigen-antiserum system, while the control
compound f-aminocaproic acid provcil far less effective. 'I'he
amount ol KACAF causing ^o per cent inhibition of precipi-
tation of the dandruff allergen at the point of optimal antigen-
antibody proportions gave rise to 22 per cent inhibition in a
similarly balancetl system of house dust allergen-antiserum,
and to 10 per cent inhibition of precipitation in the feather
allergen-antiserum mixture. The necessity for relatively mas-
sive inhibitor concentrations tor obtaining tietectable inbibition
migfit possibl)' be due to the fact that tinly about m per cent of
EACAF in aqueous solution has been estimatetl to he in the
enoli/ed form (5) . In view of the extreme complexity of the
antiserum, these quantitative assays were not considered suf-
ficiently accurate to yield lundamentally new information on
the antigenic relationship of allergens.

D I S C U S S I O N

The present results unequivocally demonstrate the occurrence
of antibody for N-glycosidic lysine-sugar determinants in the
anti human dantlruff serum anti they therefore provide adtli-
tional evidence tor the incorporation of such tieterminants in
purified human dantlrulf allergen (6, 12}. The cross-precipi-
tations of several atopie allergens of unrelated origin with this
antiserum need not necessarily be due to the interaction with
these particular anti-lysyl-sugar antibodies, however. Bearing
in mintl that many of the allergens, precipitating with the rab-
bit anti dandrutt serum, were lountl to share antigenic tieter-
minants, and in view of the partial inhibition of precipitin
formation by the compountl N-(i-deoxy-1-D-fructosyl")-f-
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aminocaproic acid—quantitatively (in the equivalence zone)
and by gel difiusion—, the results provide a reasonably firm
basis lor the suggestion that anti-lysyl-sugar antibody is indeed
involved in cross-precipitation. With tbe exception of feather
allergens anti ovomucoid all the allergens employed have,
moreover, been found by chemical analysis to incorporate the
relevant N-glycosidic lysine-sugar structures. There is some
evitlence that the nature of the sugar partner engaged N-
glycosidically is inessential for specificity, though the initial
sugar configuration may be a iactor in determining the ulti-
mate stability of the lysine-sugar residue (5) .

Kven though the definite itlentification of the common
tleterminant responsible for the observed cross-reactions may
lack absolute proof, the mere demonstration of cross-precipi-
tation of the anti-dandruff serum with several active atopie
allergens is of consieierable interest in relation to the pheno-
menon of clinical cross-sensitivity. Again, the results presen-
ted here definitely point at some inherent property common
to all atopic allergens, causing them to cross-react with the
anti tlantlruff serum, or with an anti house dust allergen serum
(15). An objection to the effect that these cross-reactions
might be attributed to a common full antigen shared by all the
allergen preparations and contained (for instance as a con-
taminant) in the inoculum used for raising the antiserum
cannot easily be levelled at this general conclusion because the
chemical composition of cross-reacting allergens from for in-
stance tomato, ipecac and kapok has been proved to be entirely
dissimilar from that of the purified human dandruff allergen
(4, 14. 16). Chemically, these allergens are only related
through similar portions (i.e. lysine-sugar structural areas)
of otherwise tlistinct molecules. The basis of this conclusion
of shared determinant sites, of course, is that purified aller-
gens have been applied; in contrast, the cross-reactions be-
tween crude mould extracts recently reported by Guibert &.
Causse-Comhes (19) may just be ascribed to allergenically
inactive (polysaceharide) full antigens shared by all the ex-
tracts.
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It is recognized that the system studied here is too complex
for any conclusion on the nature of the structural sites govern-
ing the relationship among atopic allergens to be anything but
tentative; the anti human dandruff serum has merely been
chosen for this study because of the possible etiological role
ol the dandruff allergen in human atopic disease (4, 6), and
because the source of the allergen is sufficiently remote from
that of the other allergens applied. The author also realizes
that some of the systems studied do not represent adetjuately
balanced antigen-antibody mixtures. However, as a model anti
a replica of the phenomenon of clinical cross-sensitivity the
general results ol this investigation may possibly aid in con-
structing a Unitarian theory on tiic mechanism underlying hu-
man atopic disease, while the qualitative relationship among
atopic allergens detected here may perhaps be sufficiently
alarming to cause a revision of current concepts on tbe theore-
tical basis of desensitization therapy.

s I' M M A K '̂

Rabbit antiserum tor purifietl human dantlruff allergen has
been employed for studying its interaction with several dif-
ferent atopic allergens and with synthetic protein-sugar con-
jugates incorporating N-glycosidically bound sugar. Almost
every allergen stutlied produced precipitation lines during
immunotlitlusion tests against the anti dantlruff serum, ^\'hile
^-iactoglobuhn-lactose conjugates and ovalbumin-altlose com-
plexes were also found to precipitate antibody in the anti
dandruff serum. These cross-reactions could be partially inhi-
bited with a low-molecular weight f-aminocaproic acid-glu:ose
conjugate. Several cross-precipitating antigens in the allergen
preparations were found to share antigenic determinants.

The conclusion is reached that the anti human dandruff
serum encompasses anti lysyl-sugar antibody, which may also
be responsible for the precipitation of unrelated atopic aller-
gens. The possible significance of these findings is discussed
in relation to the phenomenon of clinical cross-sensitivity.
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