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ALLERGENS FROM COMMON RYE GRASS POLLEN
(LOLIUM PERENNE)—II

THE ALLERGENIC DETERMINANTS AND CARBOHYDRATE MOIETY
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Department of Colloid Science, Free School Léne, Cambridge, Englandt
(Received 3 August 1965)

Abstract—The chemical structures of the carbohydrate moieties of both prominent group
I rye pollen allergens appeared to be identical; however, it seems unlikely that these moieties
are essential for allergenic activity. From investigations of both chemically-modified and
enzymically-digested allergen molecules, it is concluded that an intact, or partially intact,
tertiary structure is required for full allergenic activity. The demonstration that the group I
allergens dissociated into smaller fragments under suitable conditions (e.g. in solutions
containing sodium dodecyl sulphate) suggests a possible mechanism whereby these molecules
permeate the mucous membrances, causing allergic response in susceptible individuals.

INTRODUCTION

IN PREVIOUS papers,1-3) many close similarities between the two prominent major
rye allergens, I-B («) and I-C (B), were demonstrated by a comparison of immuno-
logical, physical and chemical properties. Thus, by spectrophotometric estimation,
they were found to contain similar amounts of pentose, hexose and heptose:
6-deoxyhexose, hexuronic acid and hexosamine were not detectable by spectro-
photometric analysis.® Allergenic fraction 1I-B (y) also possessed the same
classes of monosaccharide, although in smaller proportion than the major allergens.
This paper is concerned, in greater detail than hitherto, 19 with the compositions
of the carbohydrate moieties, and with the significance of these groupings in
allergenicity.

During preliminary stages in the chemical investigation of rye pollen allergens,
it had been surmised that the carbohydrate moieties of these allergens might be
important in determining allergenic activity. This assumption had been largely
derived from many experiments demonstrating the importance of carbohydrate
haptens in both natural and synthetic antigens (e.g. Haurowitz*®’). However, an
investigation of the immunological significance of a glycopeptide fragment, isolated
from allergen I-B after enzymic digestion, revealed that it was non-allergenic and
that it failed to inhibit the antigen-antibody reaction between I-B (or I-C) and
rabbit anti-rye pollen serum.® Taken together with independent observations on
other pollen allergens by Herbertson et al.® (alder), Augustin® (Timothy and
cocksfoot) and King et al.'® (short ragweed), the above findings suggested that
a carbohydrate moiety was not essential for the skin activity of pollen allergens.®
This conclusion, was, however, in opposition to the views of Stanworth® who
had based his arguments mainly on investigations of horse dandruff allergens. A

* Present address: Wellcome Research Laboratories, Beckenham, Kent, England.
.1 Much of the work presented here was carried out while one of us (D. G. M) was a
Visttor at the Laboratory of Molecular Biology, Cambridge, England.
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further enquiry into the nature of rye pollen allergenic determinant groups, using
both direct skin testing and immunodiffusion techniques, therefore seemed
desirable.

Several workers'2:410) have also questioned the mechanism whereby the major
pollen allergens, of molecular weight 30—40,000, succeed in permeating the mucous
membranes to induce allergic response. An investigation of the dissociation of
major rye allergen I-B in sodium dodecyl sulphate solutions sought to provide an
answer to this question.

EXPERIMENTAL
Daterials

All chemicals were of ‘Analar’ grade unless otherwise stated. 2-mercaptoethanal,
obtained from Lights Ltd., was redistilled and stored at —20° before use. Todo-
acetamide and iodoacetic acid, supplied by B.D.H., were recrystallized from
water. Highly purified, crystalline sodium dodecyl sulphate (SDS) was obtained
from 1.C.I. Ltd. Agar was obtained from Difco Ltd., and Sephadex G-25 from
Pharmacia. The enzymes pepsin, pronase and carboxypeptidase were supplied by
Worthington, Calbiochem. and CIBA Ltd., respectively. Other chemicals and
enzymes were obtained and prepared for use as described in the preceding paper.®’

Method

L. Qualitative determination of individual monosaccharides in group I rye allergens.
Allergenic samples (5 mg) were hydrolysed with saturated aqueous Ba(OH).
(0-15 N5 pH 13-4) for 15 hr at 60°, or with 2N HCI for 2 hr at 100° (Tsugita and
Akabori?). Ba** ions in the alkaline hydrolysates were removed by careful
precipitation with 2 N HzSOy, and the hydrolysates were fractionated on a Sephadex
G-25 column (74 x 1-2 em), equilibrated with 0-05 M (NH4)2CO3. These Sephadex
fractions, or the total acidic hydrolysates, were subjected to high voltage paper
electrophoresis at pH 2 (1-4 M HAc; 0-53 m HCOOH), according to the method
described previously.12 Peptide and carbohydrate fragments were located by
staining narrow strips of paper cut in the field direction.

The portions of paper containing carbohydrate material were cut out and eluted
with 30 per cent ethanol-water. The carbohydrate fractions from the alkaline
hydrolysates were hydrolysed more extensively with 2N HCI or 2 ¥ HySO, for
3 hr at 105° to yield the free monosaccharides. The latter were examined by high
voltage electrophoresis in 0-2 M borate buffer at pH 10-0 (Foster®) and by paper
chromatography in #-BuOH :CH3COOH : HoO (4:1:5) alongside marker
sugars. Whatman 3 MM paper was used throughout; in electrophoresis, correction
for electro-osmosis was performed using 2,3,4,6-tetra-O-methyl-p-glucose as a
non-migrating marker. The periodate—starch stain of Metzenberg and Mitchell14!
was employed where great sensitivity was required, and a AgNO3-NaOH stain of
Trevelyan et al.%® was used in other cases. Greater. sensitivity was obtained if
the borate buffer, used in electrophoresis, was neutralized with formic-acetic
buffer at pH 2:0 before staining. Peptides were located using the ninhydrin-
cadmium acetate stain of Barollier, 16

2. Further investigations of the monosaccharides and the glycopeptide linkage in
group I allergens. Glycopeptide fragments of allergens I-B and I-C were obtained
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by extensive enzymic hydrolysis with trypsin, chymotrypsin, pronase and carboxy-
peptidase in the manner previously described.® These fragments could be
separated from contaminating peptides by paper electrophoresis at pH 2-0 due
to their relatively slow migration rate compared with normal peptides. The
glycopeptides were eluted as above. N-terminal amino acids and amino-acid
compositions, were determined qualitatively on a micro scale by ‘dansylation’* of
small fractions of the glycopeptides before and after hydrolysis with 6 N HCI (18 hr
at 105°), respectively. :

3. Chemical modifications. Certain chemical modifications of the rye allergens,
chosen as involving specifically selected amino acids, were used to investigate the
possible significance of these groups in allergenicity (Table 3).

(a) Reduction. Disulphide bonds of allergen I-B were reduced with 2-mercapto-
ethanol and stabilized by alkylation with iodoacetamide using an analogous
method to that described for ribonuclease by Anfinsen and Haber.1® Allergen
I-B (15 mg) was dissolved in 0-4 ml of 1 M methylamine-HCI buffer, 7 m with
respect to urea, at pH 8-6. To this solution, 20 ul. of mercaptoethanol were
added and the mixture was allowed to stand at room temperature under nitrogen
for 4} hr. Recrystallized iodoacetamide (450 mg—i.e. a 10-fold molal excess)
was added and the solution left for 15 min at room temperature. A 10-fold
molal excess of mercaptoethanol (2 ml) was then added and the solution allowed
to stand for a further 45 min. Excess reagents were removed by overnight
dialysis against 0-1 v NH4HCOj3, followed by passage down a Sephadex G-75
column cquilibrated with this butfer.

In another experiment, the extent of reformation of the original disulphide
bonds of the allergen, by slow aerial oxidation of the reduced form, was investi-
gated. The reduced form of the allergen, without stabilization by iodoacetamide,
was allowed to stand in 0-1 M NH4HCO3, pH 8-2, for 24 hr at room temperature.
Very dilute solutions of the allergen (about 0-1 mg/ml) were used for this
experiment to minimize the formation of non-specific inter-chain disulphide
linkages, in accordance with the ‘High Dilution Principle’ of Ruggli.®®

(b) Oxidation. Allergenic samples were oxidized with performic acid for 24 hr
at —10° using the method of Hirs.20

(c) Alkylation. Crestfield et al.?V have described a method for the selective
alkylation of histidine residues in ribonuclease with iodoacetic acid at pH 5-5.
This method was applied in the present case to investigate the possible im-
portance of such residues for allergenic activity in allergen I-B, although groups
other than histidine could well be involved.

(d) ‘Dansylation.” Derivatives of the allergens containing, on average, 1, 2 and
5 DNS residues per molecule were prepared by mixing the appropriate molar
proportions of DNS—-C], dissolved in acetone (1mg/ml), with 0-5 ml of a solution
of the allergen in 0-1 M NaHCOj3 (4 mg/ml). The mixture was allowed to stand
for £-1 hr at room temperature, and the dansylated allergen was separated from
traces of DNS-OH and DNS-NH; by passage through a Sephadex G-25

* Reaction with the fluorescent dye, 1-dimethylamino naphthalene 5-sulphonyl
chloride (DNS-Cl).un
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column.®? By spectrofluorometric analysis of the column effluent, virtually all
the DNS-CI was shown to have combined with the allergens.

4. Immunological investigations. The absence of a simple assay for allergenic
activity in vitro has been noted by several authors (cf. Stanworth®). The ‘prick-
test’ method of Squire,?® in which a drop of test solution is pricked directly into
the skin of an allergic individual, was used throughout as a direct assessment of
allergenic potency. The limitations of this method have already been noted.® The
skin activities of enzymically hydrolysed samples®! were examined after the digests
had been passed down a Sephadex G-25 column to eliminate any possible traces of
undigested material. Immunodiffusion experiments were carried out as previously
described.®

5. Sedimentation studies in solutions containing SDS. Sodium dodecyl sulphate
(SDS) has often been used as a disaggregating agent for protein complexes (e.g.
Brand and Johnson, 23 Steiner and Edelhoch®®). Since it produces disaggregation
at a much lower concentration than either urea or guanidine, SDS possesses certain
practical advantages in studies using the ultracentrifuge (e.g. it does not produce
a markedly curved ‘base line’). Neutral or acidic buffer solutions of native allergen,
1-B (or a stabilized, reduced form of this allergen, I-Breq) containing 0-5 g of SDS
per 100 ml of buffer, were examined by ultracentrifugation at 59,780 rev/min.
Schlieren optics and a synthetic boundary cell were used for all experiments. The
difference in sedimentation patterns between dialysed and non-dialysed solutions
was investigated, and also the loss of protein occurring on dialysis against buffer
containing SDS (Table 4).

RESULTS

1. Monosaccharide composition

Alkaline and acidic hydrolysates. 'The main carbohydrate-containing fraction
from the Ba(OH); hydrolysate of allergen I-B was eluted from the Sephadex G-25
column soon after the void volume. High voltage paper clectrophoresis at pH 2-0
of this fraction and of a sample which had been subjected to partial HCI hydrolysis,
each produced major carbohydrate-staining bands of very low positive mobility
(0-14-0-18 times the mobility of aspartic acid). These carbohydrate bands were
well separated from contaminating peptide material of considerably higher
mobility, and did not, themselves, stain with ninhydrin. In certain hydrolysates,
faster-migrating fractions which stained very weakly for carbohydrate were
observed ; these have not been studied.

Acidic hydrolysis (2 N HaSO4 for 3 hr at 105°) of the main carbohydrate fraction
from the alkaline hydrolysate yielded the component monosaccharides. Certain of
these monosaccharides, or those obtained directly from the carbohydrate band of
partial acidic hydrolysates of I-B, were tentatively identified as mannose, galactose
and xylose (or glucose) by paper electrophoresis in borate at pH 10. Table 1 gives
the migration rates of marker sugars and monosaccharides present in the above
hydrolysates, relative to glucose: all values have been corrected for electro-osmosis.
Rates for the marker sugars agree well with those already reported.(13,25.26)

No amino acids were detected by the dansylation procedure in the carbohydrate
fraction from the alkaline hydrolysate of allergen I-B.
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Monosaccharides, obtained directly from the carbohydrate band of the original
partial acidic hydrolysate of I-B, gave spots with the same R values as galactose
and mannose and/or sedoheptulose when examined by paper chromatography in
BuOH-HAc-H;0 (Table 2).

Enzymic hydrolysates. Successive hydrolysis of either I-B or I-C with trypsin,
chymotrypsin, pronase and, in certain cases, carboxypeptidase gave single slow-
migrating, carbohydrate-staining bands on high- voltage electrophoresis at pH 2,
with migration rates relative to aspartic acid of 0-07-0-09 (cf. ref. 2). These bands
stained quite strongly with the chlorine stain,®” but were not detected with

TaBLE 1. CORRECTED MOBILITIES, M (RELATIVE TO GLUCOSE), OF
CARBOHYDRATES IN 0-2 M BORATE BUFFER AT pH 10-0

Sugar Mc*
L-arabinose 0-96
D-xylose 1-02
p-glucose 1-00
D-galactose 0-91
D-mannose 0-70
D-glucoheptulose 0-88
sucrose 0-16
D-glucosamine 0-23
D-galactosamine 0-36
p-glucuronic acid 117
Partial HCI hydrolysate of allergen [-B 0-70, 0-90, 1-01

Partial HCI hydrolysate of glycopeptide from [-B  0-70, 0-90

* Average values from 3-5 different experiments. Error = +19%,.

ninhydrin-CdAc. Acidic hydrolysis of these glycopeptide fractions (2 N HaSO4 or
2N HCI for 3 hr at 105°), followed by electrophoresis in borate, indicated a
similar monosaccharide composition to that obtained after partial acidic hydrolysis
of the whole molecule (Table 1). Dansylation of the glycopeptides before acidic
hydrolysis revealed that the only N-terminal group was aspartic acid; dansylation
after complete acidic hydrolysis showed that only Asp., Glu., Gly., Ala. and Phe.
were present in all glycopeptide fractions of I-B and I-C prepared as above.

TABLE 2. RATES OF MIGRATION, Rg (RELATIVE TO
GLUCOSE), OF CARBOHYDRATES ON PAPER CHROMATO-
GRAPHY IN 7-BuOH : HAc : H2O (4 : 1 :5)

X
Q

Sugar

L-arabinose

D-xylose

p-glucose

D-galactose

D-mannose

pD-glucoheptulose

p-sedoheptulose

D-glucosamine

Partial HCI hydrolysate of allergen I-B
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2. The effect of chemical and enzymic modification on allergenic and antigenic
activities

Skin-test and immunodiffusion results. Table 3 gives skin-test results for both the
chemically-modified and native allergenic samples and Fig. 2 shows corresponding
immunodiffusion results. Since these samples were not skin-tested extensively, it
is not possible to give an accurate assessment of their activities at this stage.

The introduction of one or two DNS groups produced no marked decrease in
skin activity, although a slight decrcase was apparent when five DNS groups were
introduced: the DNS-labelled molecules were still active antigenically. Reduction
with 2-mercaptoethanol, followed by stabilization of the sulphydryl groups,

TABLE 3. SKIN-TEST RESULTS FOR CHEMICALLY-MODIFIED ALLERGENS

Product of wheal diameters*

Conen. Modified
Sample mg/ml Modification material Control
I-B 0-01 Partial H 20 25
I-B 0-01 dansylation 2) 25 25
I-B 0-01 No. of DNS (5) 7 25
1-C 0-01 groups introduced | (2) 20 30
11-B 0-01 in parentheses 2) 20 35
1-B 0-01 Reduction and 5 40
1-B 0-01 stabilization 3 25
1-C 0-01 of -SH groups 1 30
1-B 0-01 Reduction and 10 40
1-B 0-01 reoxidation 0 25
I-B 0-01 Oxidation 0 40
I-C 0-01 with 0 30
1I-B 0-01 HCOOOH 0 30
1-B 0-01 ICH:COOH at pH 5-5 4 25
1-B 0-1 . 0 25
1-C 01 T 0 30
11-B 0.1 FPHS 0 35
I-B 0-1  Chymotrypsin 0 25
1-C 0-1 atpH 79 0 30
I-B 0-5 0-15N~ Ba(OH)2 0 40
1-B 0-1  100° for 5 min 0 40

* Average for duplicate tests on three individuals, except for results
with 1I-B where only tests on one individual sensitive to this fraction
are quoted.
‘Control’ refers to untreated allergens.
produced a marked drop in skin activity and antigenicity although, in one experi-
ment, allergenicity was recovered partially after aerial reoxidation of the reduced
form. Alkylation also produced a decrease in allergenic, but not antigenic activity,
and oxidation or alkaline hydrolysis completely destroyed both activities. Small
skin reactions were occasionally observed with enzymic hydrolysates of the allergens
at high concentration (about 1-0 mg/ml) in cases where non-hydrolysed material
had not been removed by Sephadex treatment. However, none of the fractions
obtained from Sephadex G-25 chromatography of tryptic or chymotryptic digests
(where un-digested material had been eliminated) were found to be allergenic.
Inhibition results. Complete digestion of allergen I-B by either trypsin, chymo-
trypsin or pepsin gave fragments which showed no tendency to inhibit antigen—

% (a)

Fia. 1. Gel diffusion patterns showing attempted inhibition of precipitin line
formation between allergen I-B (concn. 0-05 per cent in saline: approximately
7-5 y per well) and rabbit antiserum S.

10E, 5E, etc. refer to the number of equivalents of the chymotryptic (a) or
tryptic (b) digest of I-B mixed with antiserum S prior to diffusion.

Fig. 2. Immunodiffusion patterns between antiserum S and native or
chemically-modified allergen 1-B (concn. 0-02 per cent in saline: approxi-
mately 3-0 v protein per well).

To face p. 106
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{c) I-B (diclysed)
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Fic. 3. Sedimentation patterns, at 18 4:2° for various
r pa , : allergen (1-B and
I-Brea) solutions containing SDS (0-5 g/100 ml). Speed: 55?780(rev/rs?n.
See Table 4 for further details.
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antibody precipitin formation between I-B (or I-C) and rabbit anti-rye pollen
serum, even where up to twenty equivalents of the enzymic digests were mixed
with the antiserum prior to diffusion (Fig. 1). The failure of the glycopeptide
fragment from I-B to produce similar inhibition has previously been reported.®
However, inhibition of precipitation was observed where only partial chymotryptic
or peptic hydrolysis had occurred, due to the use of enzyme solutions of low activity.
Tt was confirmed that when either 1-B or I-C were mixed with the antiserum prior
to diffusion, and these mixtures were allowed to diffuse against 1-B or 1-C, no
precipitin lines were observed.

3. Disaggregation experiments

Figure 3 shows the sedimentation patterns for solutions of I-B or I-Brea in
SDS solution (0-5 g/100 ml) and Table 4 gives the sedimentation coefficients of
the components present. These ‘s’ values were corrected to water at 20°, assuming
the same correction factors (i.e. the same 7, p and ) as for buffer solutions without

TABLE 4. SEDIMENTATION COEFFICIENTS OF COMPONENTS PRESENT IN
SOLUTIONS CONTAINING SDS (0-5 g/100 m})

pH of  Protein concn. g/100 ml* s°20 values
Sample solution} Before dial.  After dial.  (Svedberg units)

a I-B 7-8 1-0 Not 1.7; 32

b I-Brea 7-8 1.0 dialysed 1-6; 3-8

c I-B 7-8 2-0 0-7 1-8; 34

d I-Brea 7-8 1-0 0-15 2-84

e I-B 3-0 2:0 1-33 1-7; 3-8 (1-DF
f I-B 7-8 No SDS 2-89 (ref. 2)

* Protein concentrations determined on the basis of freeze-dried
material before dialysis and using the interferometer after dialysis.

+ Sedimentation coefficient for SDS micelles.

i Buffer solutions used were as follows: phosphate-NaCl, pH
78,1 =01(7%¢g NaHPO;12H:0, 0-197 g KIH:PO4 anhydrous,
2.923 g NaCl); citric-Na citrate, pH 3-0, I = 0-6.

SDS. Synthetic boundaries were formed successfully only where allergen solutions
had been previously dialysed: in other cases, complete mixing occurred and
boundaries formed at, and moved away from, the meniscus as in experiments
utilizing normal cells. Since a considerable proportion of the solute was found to
diffuse through the dialysis bags, particularly in alkaline solution (Table 4), it
seems probable that the presence of this rapidly-diffusing material was responsible.
The formation of a slowly sedimenting boundary at the solvent meniscus in the
acidic buffer (Fig. 3e) could almost certainly be attributed to the presence of large
SDS micelles at this pH.

DISCUSSION

Unequivocal identification of the monosaccharides present in group I rye
allergens has not yet been accomplished, but it seems probable that galactose and
mannose are the major hexoses present. The heptose and the pentose, suggested
by earlier spectrophotometric determination,® are possibly sedoheptulose and
xylose, respectively.
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oo ofsgl?}?s 'attrlbuted to the antigenic combining sites (Cohen'®),
orebable te f)(;?e' esis lzlire Phus proba.bly similar in the two cases, and it seems
P lergic husmane Wxgn1 ; emical groqplqg_constituting an allergenic determinant
o o ¥ ould, for normal mdwTduals and probably rabbits, act also as
oy genic det h‘u}ant. Hence, any peptide fragment derived from an allergen
g to inhibit the homologous antigen-antibody precipitin reaction by
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virtue of the absence in it of a prominent antigenic determinant, would seem also
not to possess the equivalent allergenic determinant.

The results of the inhibition experiments and the direct skin tests of chemically-
modified rye allergens are seen to be complementary, in agreement with the above
hypothesis. Slight distortion of the tertiary structure, such as introduction of one
or two DNS groups, failed to destroy the allergenic and antigenic activities, but
more extensive distuption completely destroyed them. Similarly, reduction
followed by aerial reoxidation, in favourable cases, produced material possessing
some allergenic activity. Alkylation of the major rye allergens and acetylation of
the major ragweed allergens®® have both been shown to cause a diminution in
allergenicity, but apparently not in antigenicity. It is not possible, however, to
decide from these results, whether the diminution in skin activity arises from the
introduction of the new groups or from a more subtle subsequent rearrangement
of the tertiary structure of the molecules. The results with both enzymically-
digested and chemically-modified allergens would suggest that the integrity of a
large part of the tertiary peptide structure is essential for full allergenic activity.
Further, earlier inhibition results suggest that the carbohydrate moiety is probably
not implicated in this active centre. %%

More recent skin-test results®? on twenty-two allergenic individuals, using
allergen I-B treated with the carbohydrases cellulase, B-glucosidase, B-galactosidase,
p-amylase or lysozyme, showed no loss in activity as compared with control
solutions of untreated allergen. These enzyme preparations (from Koch-Light
Ltd.) were found to be devoid of proteolytic activity and contained no carbohydrate
detectable by paper electrophoresis in borate buffer. Carbohydrate fragments were
detected by electrophoresis of the allergenic digests with cellulase and B-galacto-
sidase, but not in other enzymic digests (results to be reported in detail in a later
paper). Hence removal of at least part of the carbohydrate by cellulase or B-
galactosidase was shown to produce no measurable diminution in allergenicity.
These recent results considerably substantiate the suggestion that carbohydrate
plays no direct role in pollen allergenic activity.

Sedimentation studies of allergen I-B in SDS solution have shown that the
allergen may disaggregate under favourable conditions. A similar mechanism may
allow penetration of major allergen molecules through the mucous membrancs of
allergenic individuals to produce initial sensitization and subsequent allergic
reaction. The pronounced disaggregation occurring at alkaline pH (Fig. 3) may
also account for the blurred starch gel patterns for both I-B and I-C in gels
containing urea at pH 8:5.% Such disaggregation of the major allergens implies
the existence of more than one peptide chain, but since a low recovery (10 per
cent) of a single N-terminal group (isoleucine) was observed, 1,2 other N-terminals
must be ‘blocked’. A thorough reinvestigation of the disaggregation process may
well throw considerable light on the mechanism of allergic sensitization and the
overall structure of the major rye pollen allergen molecules.
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i i ioni th 0-04 and pH
Abstract——C’l precipitates from normal guinea-pig serum at ionic streng h p

; nes. . B ¢
7.5. It may be purified further by reprecipxtation during dlalys:is aﬁag\%t (;t()i(s)SexiF;xg‘s]%\ﬁaeg
f mHy7~5 C/3b precipitates at ionic strength Q~0j+—0-()6 an pc/3 T At ified
b fro.m DEAE-cellulose at about 0-12 1onic §trength. DECA g{ceﬁ)umse e dome
b;yr 2;3108 02 and pH 5.5, It can be puriﬁed lloyb‘e\utxgn fr((l)\?;{ i lulose ot 2 bout
0-0 . | ! ¥ when 4
ioni . C2and C 3d remain solubi¢ about
(2)36131 ;(r)xrclllctt::t;e?fx:hk)e pre;pitated at about 3-0M (NH)2804. These two components

i hy on CM-cellulose. )
bﬂvlﬁipﬂfatel? rexzc\zllayngytl:? l;\‘);)rg?;?(%gg’teyionic strength at which ;éghtc ,<:3(;)m{(>)o;\:nt(sl ,e?’l:teo flrzrsny
CNIACCeTleg‘loZe is: €2, 0-05; C/3f, 0125 C'4,013; C 3¢, 01353 , ) i

’ A

by 0-18; and C 3d, 0:20. The sequence and ionic streygthoogggllu(t:\%r{) f\:?(;nchoAg
C'3a, 018; and €00 15, .035; C'3c and €35 65; C'3d, 0-095; C3b and Cob oL
e £ C'i from DEAE~cellulose has been low. A s.ubstar\cel in n 38
The e ieh i ivates the C/3c site on the intermediate comp exes(,) 015 b O-db ,i(;ni(’;
EAL ‘;’Vthh maCE‘Kb C’4,3c, elutes from DEAE-cellulose at about -‘“ ' 0 o
Ii‘:;‘zlg(t:hi ’:’igtgz: substanc,e v,vhich inactivates C'1 elutes from DEAE-cellulose

8 .

0-12 ionic strength.
INTRODU CTION

In DecemBER of 1963 a summary®’ was prep"ared which }?uglzed eiidgizer\i
characterization of nine fractions of gulnea;p.lg .serum wh elrcn . }S)l;; e renort
essential for the reactivity of complement‘(C) in qnmu;xch th.“% cémponem n
deseribed the 0 i T ﬁklle :vmf\“\l)(;}ylg:p;?:f;:l{&% t:) zonsist of two distinct
! i as sho : dis
;:;clgler:eré”acai’dw(}‘j’l;h ;Ztually functioned throutghf the se&;zztéitsrezztnx:;:z’ ec;i
i : i . ) stence of four €O ,
Sr::nfeeg aCr?;: 2?3?\2108’53 ::) iszré’r?é,qw}: f‘l:rzltsgaescribed by Nishioka and Eins:ﬁztt .‘?t’ 1;‘;
Further pu;iﬁcati,on of these four components, as w{ellA ast hcongrxga%%) Y
order of reaction with sensitized sheep erythrocytes (E) 12) .ke s fné Rommd’.ts,m
was C'3¢, C'3b, C'3a, C’3d, was performed by Nelson, 1 av;a and R cerum
Subseque’ntly Inoue and Nelson'?® obtained .ev.xdence that t cz: ygz o e and
designated C'3a could be separated into twWo d\s}mct fracuons{. v maée -
that another essential factor, C'3f, was pre§ent in .the prepafra{) ion: of O e e
the method of Borsos, et al.,! as well as in fraction 1V, ° | o;{rm a;;ed m;ls en
had been used by Nishioka and Linscott as 2 soprce of C'3d. epes e O,
indicated that the order of reaction ocf1 guinea-pig components Wa , ,

! ' 3e, C'3f, C'3a and C'3d. ‘ . -
C :}S\ct’ aCb(3):; Slg: es’ame time that these data were emerg{mg from st\:ic.l:‘es tc;n ﬁl;rlllzi_
pig serum, an independent investigation of h}xman C’ was proce:1 :eg frzctioﬁs "
Eberhard and collaborators. Their work indicated that at least th
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