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The major allergen of ragweed pollen antigen E has been coupled to periodate oxidized
dextrans, followed with sodium borohydride reduction to stabilize the linkages. Two
products having molecular weights of about 100,000 and 140,000 were prepared, and the
molar ratio of dextran to antigen E in both products was the same in the range of 2-5. The
antigenic and the allergenic activities of the products were on a molar basis about seven to
eight fold less than those of antigen E. On dextranase digestion of the products, their
biological activities were restored. The products were immunogenic in rabbits to stimulate
the formation of antibodies reacting with antigen E and with dextran.

Antigen E is a major allergen of ragweed
pollen. It is an acidic protein containing
two polypeptide chains which are held
together by noncovalent forces, and the
two polypeptides have molecular weights
of about 16,000 and 22,000 (2-3). We have
been studying chemical modifications of
this protein with the purposes of (a) ob-
taining a better understanding of its aller-
genic properties and (b) obtaining suitable
derivatives with reduced allergenic activi-
ties which may be useful as therapeutic
agents in ragweed sensitive patients.
Chemically modified derivatives of antigen
E containing decreased number of anti-
genic determinants are likely to have re-
duced allergenic activities as allergic re-
sponses are generally believed to require
the interaction of a multivalent antigen
with its specific cell surface bound immu-
noglobulins of the IgE class (cf. Ref. 4).

Our previous studies have shown that
sixteen out of eighteen lysine residues of
antigen E are accessible for acetylation,
succinylation, or butyrimidination (2, 5).
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The acetylated and the succinylated deriv-
atives were unstable as they slowly polym-
erized on standing but the butyrimidinated
derivative was stable. The allergenic and
the antigenic properties of the butyrimidi-
nated antigen E were the same as those of
the native antigen as shown respectively by
skin tests on sensitive patients and by
precipitin analysis with sheep anti-antigen
E sera. These findings suggest that the
positive charges of e-amino groups of lysyl
residues of antigen E are necessary for the
conformational stability of the molecule,
and that the butyrimidinyl groups intro-
duced are too small in size to interfere with
the reactivity of the allergenic or antigenic
determinants of antigen E with antibodies.
We therefore sought to prepare other deriv-
atives of antigen E having substituents of
larger molecular size which may sterically
hinder the reactivity of the determinants of
antigen E.

In this paper will be reported our studies
on the preparation and the immunochemi-
cal properties of derivatives of antigen E
coupled to dextrans of different molecular
weights. Antigen E was coupled via its
e-amino groups of lysyl residues to the
aldehyde groups of periodate treated dex-
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trans and the resulting linkages were stabi-
lized by sodium borohydride reduction.
These reactions are shown in Fig. 1 and
they have been previously used by others
for the coupling of proteins to other poly-
saccharides (6). The more commonly used
procedure of protein coupling with cyano-
gen bromide activated polysaccharides (7,
8, 9) was first explored but it was found not
practical because of the low coupling yield
of antigen E with dextran and because of
the competing self coupling reaction of
dextran molecules.

EXPERIMENTAL PROCEDURES
Materials

Antigen E was isolated from ragweed pollen ac-
cording to the published procedures (1, 10). It can be
obtained in several isoelectric forms. The two predom-
inant forms B and C (1) were used interchangeably in
the present study and they gave identical results.

Dextrans of different molecular weights were ob-
tained from Pharmacia Company. Dextranase and
lysozyme were obtained from Worthington Biochemi-
cal Corporation. Bovine plasma albumin was ob-
tained from Armour Company. N-a-Acetyl-L-lysine
was obtained from Cyclo Chemical Corporation.
Sheep anti-antigen E sera was a gift from Center
Laboratory.

Chemical Methods

Aldehyde content of periodate oxidized dextrans
was analyzed by the ferricyanide method (11). Dex-
tran concentrations were determined by the an-
throne-sulfuric acid method (12). The procedure was
adapted for use in a Technicon autoanalyzer with the
flow rates of anthrone reagent, air, and sample
streams being, respectively, 1.44, 1.20, and 0.32 ml
per min, and the sampler was set for 60 samples per h
with a pickup time of about 10 s for each sample
(corresponding to about 50 ul). After about a 10-min
heating period at 95°C, the mixture was analyzed at
570 nm. Under these conditions a 1 mg per ml solution
of dextran gave an absorbance reading of 0.3-0.4.
Absorbance was not measured at the absorption
maximum of the anthrone-dextran product as we did
not have available the appropriate color filter. Amino
acid analysis was carried out as described previously
(2); the samples (about 3 nmol) were hydrolyzed in 6 N
HCI (200 1) at 110°C for 20 h in sealed and evacuated
tubes.

Periodate oxidations of dextrans were carried out
under the conditions described in Table 1. The reac-
tion was terminated by adding 0.25 ml of glycerol to
each 10 m! of the reaction mixture. The mixture was
dialyzed in Visking 18/32 tubing against distilled
water overnight then lyophilized. The weight recover-
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Fic. 1. Scheme for couplmg of protein to periodate
oxidized dextran. Dextran is a 1,6-linked polyglucose
with periodic branching at the 3-position, and the
branching is now shown.

2. NaBH,

ies were in the range of 90-95%. The number of
aldehyde groups formed per 10° g of oxidized dextran
was measured by the ferricyanide method using
dextrose as a standard. To determine if any glycosidic
linkage cleavage occurred during oxidation the sam-
ples (10 mg per ml) after reduction with 0.04 M sodium
borohydride in borate buffer (pH 9.05) as described
below were examined by chromatography on a 105 x

" 0.9 cm column of Sephadex G-100 or Sepharose 6 B.

Coupling of proteins with periodate oxidized dex-
trans. A mixture of protein (7-10 mg) and oxidized
dextran (25 or 50 mg) in 2.5 ml of buffer was allowed
to stand at 25°C for the desired time period. A freshly
prepared solution (100 ul) of 1 M sodium borohydride
in the same buffer was added. After 30 min, acetone
(100 ul) was added to decompose the excess borohy-
dride. After another 30 min, the mixture was chro-
matographed on a 100 x 0.9 ¢cm column of Sephadex
G-100 or a 200 x 0.9 cm column of Sepharose 6 B. The
column was eluted with 0.1 M ammonium bicarbonate
at a flow rate of about 10 ml per h. Fractions of 2 ml
volume were collected. They were analyzed for protein
content by absorbance at 280 nm and for dextran
content by the anthrone reaction. The desired product
was concentrated by lyophilization or ultrafiltration
through Visking 8/32 tubing (1). The compositions of
buffers used for coupling were as follows: (a) pH 7.80,
0.183 M Na,HPO, and 0.017 M NaH,PO,; (b) pH 8.55,
0.100 M H,BO, and 0.025 M Na,B,0, =7/~ nH 9.05,
0.024 M H,BO, and 0.025 M Na,B.C
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rose 6 B chromatography on the
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there is a linear relationship of the elution position
with the logarithm of the molecular weight of the
solute (13). The column (200 x 0.9 cm) was calibrated
with dextrans of different molecular weights.
Coupling of N-a-acetyl-L-lysine with oxidized dex-
tran. N-a-acetyl-L-lysine (2 mg) was coupled to 25 mg
of oxidized dextran (Sample I, Table I) in 2.5 ml of pH
9.05 bofate buffer at 25°C for 25 h. After sodium
borohydride reduction as described above for the
protein coupling, the mixture was separated by chro-
matography on Sepharose 6 B. The main portion of
the dextran peak was lyophilized to give 17 mg of
product. Combustion analysis showed the sample to
contain 0.31% of nitrogen which is equivalent to 11
mol of lysine per 10° g of dextran. A control sample
treated in the same way but in the absence of
acetyl-lysine contained no detectable nitrogen.

Immunological Methods

Precipitin analysis, immunodiffusion and passive
hemagglutination studies were made as described
previously (2). Red blood cells containing dextran
were prepared by glutaraldehyde coupling of the
dextran-lysozyme product (Experiment 4, Table III).

The antibody binding activity of antigen E or the
dextran coupled product was determined by its com-
petition with !?*]-labeled antigen E to bind the
antigen-specific human IgG, and the complex formed
was measured after precipitation with goat anti-
human IgG anti-serum (14).

Two rabbits were immunized with the dextran-
antigen E product by four weekly foodpad injections
of the antigen (0.5 mg, weight of protein) in an
emulsion (0.8 ml) of equal volumes of buffer and
complete Freund’s adjuvant.

Skin tests on ragweed sensitive patients (1) and
histamine release assays with ragweed sensitive leu-
kocytes (15) were carried out as reported.

RESULTS

Periodate oxidized dextrans. Periodate
oxidations of dextran were carried out at a
concentration of 25 mg per ml in acetate
buffer at pH 5 and 25°C. The periodate
concentration was varied from 2 to 300 mm.
Under these conditions the number of alde-
hyde groups formed per 10° g of dextran
ranged from 16 to 276 and the oxidation
was essentially complete in 1 h (Table I).
At a constant periodate concentration the
degree of oxidation did not vary signifi-
cantly for three dextran samples with
weight average molecular weights of
70,000, 500,000, and 2,000,000 designated
as dextrans T-70, T-500, and T-2000, re-
spectively, in Table I. About 50 aldehyde

groups per 10° g were liberated for these
three samples of dextran with the perio-
date concentration at 10 mM.

To establish if any glycosidic linkage
cleavage accompanied the periodate treat-
ments the oxidized samples were reduced
with sodium borohydride then examined
by chromatography on Sepharose 6 B or
Sephadex G-100. Dextrans T-70 and T-500
with 56 and 48 aldehyde groups per 10,
respectively, were found to behave the
same as the native dextrans indicating
little or no change in their molecular
weights (Fig. 2). But dextran T-70 with 228
aldehyde groups per 10° g was significantly
degraded to give a mixture in the molecu-
lar size range of 10,000 to 30,000 as shown
by chromatography on Sephadex G-100
(result not given).

The oxidized dextrans were unstable in
basic solutions. This is indicated by two

TABLE 1
PerIODATE OXIDATION OF DEXTRANS®

Experi- Dextran® Perio- Reaction Number of
ment  sample date timein  aldehyde

number concen-  hours groups
tration formed per
in mM 10° g of
dextran®
A T-70 2 1 16
B T-70 5 1 22
C T-70 10 1 56
D T-70 10 3 56
E T-70 100 1 228
F T-70 100 3 276
G T-70 300 1 211
H T-70 300 3 253
I T-500 10 1 48
J T-2000 10 1 48

@ Oxidations were carried out at 25°C in a pH 5.0
buffer containing 0.07 M sodium acetate and 0.03 M
acetic acid. The dextran concentration was 25 mg per
ml. In experiments E, F, G, and H the pH of the
reaction mixture decreased to 4.65; in all other
experiments the pH remained constant.

® Samples T-70, T-500 and T-2000 were reported by
the manufacturer to have weight average molecular
weights of 70,000, 500,000, and 2,000,000, respec-
tively.

¢ The numbers of aldehyde groups given are aver-
ages of the determinations of 2-4 different prepara-
tions and they are reproducible within 10% of the
values given.

different changes in-
11). A freshly prepar
dextran in solutions
showed negligible 1
pbut on standing an
nm slowly develope
change is a decre
weight as estimated
from a Sepharose 6
tion position chang
for the oxidized de:
T-2,000 with 56,
groups per 10° ¢
changes probably r
radation of the gly
elimination which
occur for the diald«
Coupling of peri
with proteins. The
carried out in basic
coupling the re:
treated with sodiu
lize the linkages
(Fig. 1). The mixt
by chromategraph
rose gels to establi
as well as to estim
the product. Thre
studied, and the

T

ULTRAVIOLET SPECTF
CHANGES OF PERIOI
ALKAL

Dextran sample, [
aldehyde groups ¢
per10° g

T-70, 228 groups
T-70, 56 groups
T-70, 56 groups
T-70, 56 groups
T-70, 22 groups
T-500, 48 groups
T-2000, 48 groups

aThe concentratic
The following buffer
7.80 and borate for p.
measured in cuvette
weight was estimatec
sample by chromatos
2), and the reprodu
was about 20%.



o

i B i & Pl

N UM W

IMMUNOCHEMICAL STUDIES OF ANTIGEN E 467

different changes in their properties (Table
1I). A freshly prepared solution of oxidized
dextran in solutions of pH greater than 7
showed negligible ultraviolet absorption,
pbut on standing an absorption peak at 240
nm slowly developed. Accompanying this
change is a decrease in the molecular
weight as estimated by its elution position
from a Sepharose 6 B column. These elu-
tion position changes are shown in Fig. 2
for the oxidized dextrans T-70, T-500 and
T-2,000 with 56, 48, and 48 aldehyde
groups per 10° g, respectively. These
changes probably result from alkaline deg-
radation of the glycosidic linkages via 8-
elimination which have been reported to
occur for the dialdehyde cellulose (16).
Coupling of periodate oxidized dextrans
with proteins. The coupling reactions were
carried out in basic solutions at 25°C. After
coupling the reaction mixtures were
treated with sodium borohydride to stabi-
lize the linkages of the coupled product
(Fig. 1). The mixtures were then analyzed
by chromategraphy on Sephadex or Sepha-
rose gels to establish the extent of coupling
as well as to estimate the molecular size of
the product. Three different proteins were
studied, and they are lysozyme, bovine

TABLE 1II
ULTRAVIOLET SPECTRAL AND MoOLECULAR WEIGHT
CHANGES OF PERIODATE OXIDizED DEXTRANS IN
ALKALINE SOLUTIONS?®

Dextransample, pHof Absorbance Average
aldehyde groups  solu- at240nm molecular
per10°g tion ——————  weight
Oh 24h after24h

T-70, 228 groups 7.80 0.67 3.72

T-70, 56 groups 7.80 0.25 0.66

T-70, 56 groups 855 0.18 1.55 30,000
T-70, 56 groups 9.06 0.18 2.74 18,000
T-70, 22 groups 9.05 0.23 1.24 35,000

T-500, 48 groups 9.05 0.20 2.35 25,000
T-2000, 48 groups 9.06 032 2.16 30,000

®The concentration of dextran was 10 mg per ml.
The following buffers were used: phosphate for pH
7.80 and borate for pH 8.55 and 9.05. Absorbance was
measured in cuvettes of 1 ¢m light path. Molecular
weight was estimated from the elution position of the
sample by chromatography on Sepharose 6 B (see Fig.
2), and the reproducibility of the estimated values
was about 20%.
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Fic. 2. Chromatography of dextrans and periodate
treated dextrans on a column (105 x 0.9 cm) of
Sepharose 6 B. Pattern A. Dextran T-70; B. Dextran
T-500; and C. Dextran T-2000. The native dextrans
and the periodate oxidized dextrans after sodium
borohydride reduction gave indistinguishable elution
curves; only those for the native dextrans are shown,
designated by open circles. The curves with closed
circles are for periodate oxidized dextrans after stand-
ing at pH 9.05 for 24 h followed with borohydride
reduction. The void and the total volumes of the
column were 27 and 47 ml, respectively.

plasma albumin and antigen E. These
experiments are summarized in Table III.
Experiments 2, 3, and 4 show that the
coupling between lysozyme and dextran
T-70 with. 56 aldehyde groups per 10° g
required 24 h to give better than 95% yield
at pH 8.55 and 25°C, and that the reaction
was slower at pH 7.8 than that at pH 8.55.
Under identical reaction conditions dex-
tran T-70 with 22 aldehyde groups per 10° g
(Experiment 1) had a lower capacity to
couple with lysozyme than the same dex-
tran with 56 aldehyde groups (Experiment
4). The optimal conditions established for
the coupling of lysozyme with oxidized
dextran T-70 were also applicable for bo-
vine plasma albumin (Experiment 5).
The optimal conditions established for
lyosozyme and albumin coupling to dex-
tran T-70 with 56 aldehyde groups were not
directly applicable to antigen E. Chro-
matographic separation of the reaction
mixture of Experiment 6 showed that only
about 60% of the antigen E was coupled to
the dextran (Fig. 3A); the dextran coupled
antigen E was eluted at about 100 ml while
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TABLE III
CoupLING REacTiON OF PERIODATE OXIDIZED DEXTRANS WITH PROTEINS?
Experi- Dextran, Protein pH Reaction Coupling product
ment aldehyde time in h
number groups per Yield Esti- Composition
10°g (%) mated M, by wt %
Dex-  Pro-
tran tein
1 T-70, 22 Lysozyme 8.55 24 34
groups
2 T-70, 56 Lysozyme 7.80 6 11
3 T-70, 56 Lysozyme 8.55 6 65
4 T-70, 56 Lysozyme 8.55 24 100 70,000 80 20
5 T-70, 56 Bovine plasma 8.55 24 95 140,000 60 40
albumin
6 T-70, 56 Antigen E 8.55 24 60 80,000 75 25
7 T-70, 56 Antigen E 9.05 22 90 80,000 68 32
8 T-500, 48 Antigen E 9.05 20 80 120,000 77 23
9 T-500, 48 Antigen E 9.05 20 99 120,000 78 22

e Tn Experiments 1-8 the concentration of dextran was 10 mg per ml and in Experiment 9 it was 20 mg per ml.
The protein concentrations were 4 mg per ml for lysozyme or albumin and 2.8 mg per ml for antigen E.

The reaction mixtures of Experiments 1-4 were analyzed by chromatography on a 105 x 0.9 cm column of
Sephadex G-100; the coupled product and the excess dextran were both eluted at 33 ml and unreacted lysozyme
was eluted at 69 ml. The molecular weight of the coupled product was measured by chromatography on a 200 x
0.9 cm column of Sepharose 6 B; the chromatographic results are not shown.

The reaction mixtures of Experiments 5-9 were analyzed by chromatography on a 200 x 0.9 cm column of
Sepharose 6 B. The results of Experiments 6-9 are shown in Fig. 3 and that of Experiment 5 is not shown, the

dextran coupled antigen E was eluted at 90-100 ml while the native antigen E was eluted at 122 ml.

the excess dextran and antigen E were both
eluted at about 120 ml. The coupling yield
was increased to about 90% by carrying out
the reaction at pH 9.05 (Experiment 7 and
Fig. 3B). The coupling yield of antigen E
with oxidized dextran T-500 at pH 9.05 was
about 80% in Experiment 8, and the larger
size of the product is indicated by its
elution position being at about 94 m! (Fig.
3C). By doubling the concentration of dex-
tran used in Experiment 8 the coupling
reaction was made essentially complete in
Experiment 9; this was indicated by the
virtual absence of the antigen E peak in
Fig. 3D.

The dextran—-antigen E coupled products
all have similar compositions of about 25%
protein and 75% dextran as indicated in
Table I1I. The average molecular weights of
the oxidized dextrans T-70 and T-500 are
reduced to about 18,000 and 25,000, respec-
tively, due to degradation under the cou-
pling conditions (Table II). Using these
values for the molecular weights of dex-
trans and the value of 38,000 for the

molecular weight of antigen E (1), we
calculated the molar ratios of dextran to
antigen E to be 6.3 and 4.5, respectively,
for the products obtained with oxidized
dextrans T-70 and T-500. Taking the aver-
age molar ratio value of 5, we calculated
the minimal molecular weights of the cou-
pled products with dextrans T-70 and
T-500 to be about 130,000 and 160,000,
respectively. The reliability of these calcu-
lated values depends on the assumption
that the dextran in the coupled products
was degraded to the same extent as that of
the control experiment in the absence of
antigen.

The molecular weights given in Table III
were estimated from the elution positions
of the products. They are 80,000 and
120,000, respectively, for the products with
dextrans T-70 and T-500, and they are
about 30% lower than the corresponding
calculated minimal molecular weights.
This difference is a result of two factors.
One is the experimental error in selecting
the true elution positions as the peaks in
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Fic. 3. Chromatography of antigen E-dextran coupled products on a column (200 x 0.9 cm) of
Sepharose 6 B. Patterns A-D are for Experiments 6-9 of table III, respectively. In Experiments 6
and 7, 7.2 mg of antigen E and 25 mg of oxidized dextran were used; in Experiment 8 twice these
amounts were used. In Experiment 9, 7.2 mg of antigen E and 50 mg of oxidized dextran were
used. Closed circles refer to dextran concentration determined by the anthrone reaction. Open
circles refer to protein concentration determined by absorbance at 280 nm. Native antigen E was
eluted at 122 ml. The ultraviolet absorbing peak at 150 ml represents excess acetone used to
decompose the borohydride. The indicated cuts were recovered on ultrafiltration. They were
rechromatographed on the same column and then used for the immunochemical studies described

in the text.

Fig. 3 are relatively broad. These peaks of
the products are about twice as broad as
that of native antigen E (result not shown)
as the dextrans used are heterogenous in
size and they gave broad peaks under these
conditions. The second factor is that the
molecular weights were estimated from a
plot of the elution position versus the
logarithm of the molecular weights with
dextrans as standards. When the molecular
weights of globular proteins are estimated
in this manner, they are known to give
underestimates (12). For example the mo-
lecular weight of native antigen E esti-
mated from its elution position under the
conditions given in Fig. 3 is only 53% of its
true value. The extent of underestimation
for the products is probably much less than
53% as the products contain about 75% of
dextran and 25% of protein. The two
methods used for the estimation of molecu.-
lar weights both have their pitfalls, and we
will use the averaged values of 100,000 and
140,000 obtained from these two methods
to refer to the two products in the remain-
der of the text.

Amino acid analyses of acid hydrolysates
of the dextran-antigen E coupled products
with molecular weights of 100,000 and
140,000 showed that they each contained
16.0 + 0.6 residues of lysine per mole of
product as compared to the lysine content
of 18 residues for native antigen E. The
contents of the other amino acid residues of
the product were within experimental error
of + 3% the same as those of antigen E,
with the single exception of histidine which
was 6.9 residues instead of the expected
value of 6.0 for antigen E. A coupling
product of dextran (Sample I, Table I) and
N-a-acetyl-lysine containing 11 mol of ly-
sine per 10° g of dextran was acid hydro-
lyzed. On amino acid analysis, the only
ninhydrin positive product found was ly-
sine in a yield of about 14%. The finding
suggests that the oxidized dextran-lysine
product on acid hydrolysis does not regen-
erate lysine in high yield.

Immunochemical studies of the oxidized
dextran-antigen E products. Precipitin
analyses of the products and the native
antigen were carried out with a sheep
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Fic. 4. Precipitin reactions of antigen E and antigen E-dextran coupled products with sheep
anti-antigen E sera. From left to right: antigen E, antigen E-dextran coupled product with
molecular weight of 100,000 and the same with molecular weights of 140,000. The concentrations
of the coupled products include only the weights of the antigen and do not include the weights of
dextran. The amount of immune precipitate (closed circles) was measured by Folin color reaction.
The data with open circles were obtained with the products after dextranase digestion. Dextranase
digestion was carried out at pH 7.95 and 25°C for 20 h, and the substrate to enzyme weight ratio

was 1000.
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Fi6. 5. Binding activities of antigen E and antigen
E-dextran coupled product with human antigen E-
specific IgG. Binding was measured by competition of
the test antigen with ?*I-labeled antigen E (20 ng per
ml) for specific human IgG. The IgG was precipitated
with specific goat anti-sera for determination of the
bound '?°[-labeled antigen E. Filled circles for antigen
E and crosses for antigen E-dextran coupled product
with molecular weight of 140,000.

anti-antigen E sera. The data in Fig. 4
show that the modified products gave less
immune precipitate than the native anti-
gen did and that the zone of equivalence
was shifted to a lower concentration of
antigen for the modified antigens. These
changes were more pronounced for the
larger sized product than those of the
smaller sized product. The immune precip-

itates of the coupled products had a stringy
appearance and they were more difficult to
centrifuge out of solution than that of
antigen E was. These changes in the pre-
cipitin properties of the products could be
reversed on dextranase digestion as shown
in Fig 4, thus indicating that the changes
were not a result of denaturation of the
antigen accompanying the modification.

Immunodiffusion analysis of the two
products against sheep anti-antigen E sera
showed that there was a complete fusion of
their precipitin lines with that of antigen
E. The only difference was that at equal
molar concentrations the products gave a
less intense precipitin line than antigen E
did. Both products inhibited completely
the hemagglutination of antigen E coated
cells with sheep anti-antigen sera, but the
molar concentration of the antigen E cou-
pled products required for inhibition was
eight times greater than that of antigen E.
The product with molecular weight of
140,000 was tested for its binding of human
IgG specific for antigen E. The results in
Fig. 5 showed that the dextran coupled
antigen E did bind the specific IgG but
with decreased affinity.

Two rabbits were immunized with the
product of molecular weight of 140,000 in
complete Freund’s adjuvant. Both animals
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produced anti-sera against antigen E and
dextran with hemagglutination titres of
about 1/5000 and 1/1000, respectively. Im-
munodiffusion analyses of the two rabbit
anti-dextran coupled antigen E sera and
the sheep anti-antigen E sera against anti-
gen E showed complete identity of the
precipitin lines.

The allergenic activity of the product
with molecular weight of 140,000 was
tested (Table IV). Skin tests on three
ragweed sensitive patients showed that at

TABLE IV

ALLERGENIC ACTIVITIES OF ANTIGEN E anp ITs
DexTraN CoupLED PropucT®

A. Skin tests on ragweed sensitive patients

Test antigen Concen- Grade of skin re-
tration action on patients
ug/ml  —— 7
H.B. J.G. J.C.
Antigen E 10-¢ 4+ 44 44
Antigen E-dextran 10-¢ 4+ 4+ 44
Antigen E 10-7 3+ 2+ 3+
Antigen E-dextran 10-7 3+ 1+ 1+
Antigen E 10-® 24 + +
Antigen E-dextran 10~ 1+ + +
Antigen E 10-° +
Antigen E-dextran 10-¢ +

B. Histamine release assays with leukocytes
of ragweed sensitive patients

Patient Concentration re- Concen-
quired for 50% release tration
- ratio
Antigen  Antigen
E E-dextran
ng/ml ng/ml

LML 0.24 1.10 4.6
FA 0.12 0.45 3.7
JA 0.095 0.65 6.8
HaCl 0.095 0.85 8.9
Atherton 0.13 0.80 6.2
Waker 0.09 0.45 5.0
Solter 0.025 0.40 16.0
Debner 0.65 3.2 4.9
Johnson 7.0 17.0 24
Average 6.5
+ 2.7

¢ Only the dextran coupled product with molecular
weight of 140,000 was studied. The concentrations
given above for the product refer only to the protein
portion of the molecule, and they do not include the
dextran portion of the molecule.

equal molar concentrations the product
consistently gave a lower grade of skin
reaction than antigen E did, suggesting
that on a molar basis the product was less
than ten-fold as reactive as antigen E.
Histamine release assays with leukocytes
of nine ragweed sensitive donors showed
that the activity of the product varied from
2.4- to 16-fold less than that of antigen E,
and the average value is 6.5 + 2.7,

DISCUSSION

Condensation of antigen E with perio-
date oxidized dextrans gave mainly prod-
ucts with the approximate molecular com-
position of one molecule of antigen and
about five molecules of dextran. Two sam-
ples of oxidized dextrans with molecular
weights of 70,000 and 500,000 were used for
the reaction, and the two products formed
with antigen E had average molecular
weights of about 100,000 and 140,000, re-
spectively. The molecular weights of the
products are lower than those expected
because the oxidized dextrans are unstable
under the conditions used for the conden-
sation. They undergo glycosidic cleavages
to give dextrans in the molecular weight
range of 18,000-25,000. Amino acid analy-
sis of the products showed that about two
out of the 18 lysine residues of antigen E
may be involved in the coupling reaction.
This value is much lower than that esti-
mated from the composition of the prod-
ucts. The difference may result from the
incorrectly assumed molecular weight of
the degraded dextran in the product (see
Results).

The oxidized dextrans are multifunc-
tional with many reactive aldehyde groups
per molecule just as antigen E is with many
reactive amino groups. Therefore, in prin-
ciple, the coupling between these two types
of molecules could yield a complex mixture
of products differing in their molecular
sizes and compositions and in their sites of
coupling. The chromatographic analyses of
the products described in the results sec-
tion indicated that the products are not
grossly heterogeneous in their molecular
sizes and their compositions. However, the
immunological findings indicate that the
products are heterogeneous in their sites of

A R
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coupling. That is, they are mixtures of
derivatives, each with a different reduced
number of antigenic determinants as com-
pared to the determinants present in anti-
gen E, and/or they are mixtures, each with
a different number of determinants of re-
duced affinities for the antibodies. The
findings in support of this conclusion are as
follows: (a) On immunodiffusion against
sheep anti-E sera there was complete fu-
sion of the precipitin lines of the products
with that of antigen E. (b) The products
inhibited the hemagglutination of antigen
E coated cells with sheep anti-E sera as
antigen E did and their molar inhibitory
activity was about one-eighth of that of
antigen E. (¢) There was complete fusion of
the precipitin lines of antigen E with sheep
anti-antigen E sera and with rabbit anti-
dextran coupled antigen E sera.

The number as well as the size of dextran
substituents in the products are apparently
still not sufficient to reduce greatly by
steric hindrance the reactivities of the
antigenic or allergenic determinants of
antigen E with antibodies.? This is shown
by the following findings: The products
reacted with sheep anti-E sera to give
immune precipitates though in reduced
amounts when compared to antigen E. The
binding activity assay with antigen E-
specific human IgG indicated that the
product with molecular weight of 140,000
retained all the antigenic determinants
with only small decrease in their binding
affinities. The molar allergenic activity of
the product with molecular weight of
140,000 was about one-fifth of that of
antigen as shown by skin tests on patients
and by histamine release assays with rag-
weed sensitive leukocytes. The modest re-
duction in allergenic activity suggests that
the product is of limited use for the desen-

?The reduced reactivities of the determinants may
be a consequence of steric hindrance as suggested
above or alternatively it may be a consequence of
conformational changes of antigen E in the products.
The alternative is considered less likely as the positive
charges of the lysyl residues of antigen E are retained
in the products and the positively charged lysyl
residues were shown previously to be of importance in
maintaining the conformational stability of antigen E

(2).

sitization of patients, even though it
showed good immunogenicity in rabbits.
Another drawback in the use of dextran
coupled antigen E in man may be the
enhanced immunogenicity of the dextran
portion of the product, and this is evi-
denced by the formation of anti-dextran
antibodies in rabbits immunized with the
product. Dextrans with molecular weights
of less than 70,000 are nonimmunogenic in
man (17) and in rabbits, mice and guinea
pigs (9). However, dextran-protein conju-
gates are immunogenic in rabbits, sheep
and guinea pigs (9, 18).

The fact that products larger than that
with two to five molecules of dextran and
one molecule of antigen K are not formed,
would suggest that the large size of the
attached dextran molecules sterically hin-
ders the approach of an additional mole-
cule of dextran. One would expect that the
reaction of the dextran-antigen E products
with antibodies be subjected to the same
steric hindrance since the molecular
weights of IgG or IgE are several times
larger than those of dextran. It is therefore
surprising that the products showed only
modest reductions in their antigenic and
allergenic activities. Two possible explana-
tions may be advanced. One is the shape
difference of globular antibody molecules
and relatively open chained dextran mole-
cules (19). A dextran molecule in solution
is much larger in size than a protein
molecule of the same molecular weight
(13). Therefore, the steric hindrance for the
reaction of the dextran-antigen E product
with dextran can be greater than that of
the reaction of dextran-antigen E product
with a protein. The other is that the high
binding affinity of antibody for the anti-
genic determinant can overcome the steric
hindrance by possibly displacing the flexi-
ble dextran side chain away from the
surface of the product.

Other investigators have modified rye
grass allergen by formaldehyde treatment
(20) and ragweed antigen E by glutaralde-
hyde treatment (21) to yield cross linked
derivatives of reduced allergenic activities.
The formaldehyde treated rye allergen was
a mixture of cross linked derivatives,
mainly dimers and trimers in the molecu-
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lar weight range of 40-80 thousand. On
histamine release assays with sensitive leu-
kocytes, its activity on a weight basis was
in the range of 0.001-0.1% of that of native
rye allergen. Glutaraldehyde treatment of
antigen E gave a mixture of polymerized
antigens, and two fractions having molecu-
lar weight ranges of 0.2-4 million and 4-20
million were isolated. The allergenic activi-
ties of these two fractions were both re-
ported to be on a weight basis 1-10% of that
of native antigen E as shown by passive
transfer skin tests and by histamine release
assays with sensitive leukocytes.
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