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An investigation of human immune rwponse 
to perennial ryegrass (foium pivfe~nm9) pobn 

cytochrome c (Lo/p X)* 

Aftab A. Ansari, Ph.D., Eileen A. Killoran, MS., and David G. Marsh, Ph.D. 
Baltimore, Md. 

Cytochrome c (Lo1 p Xj was purzjiedfrom the pollen of perennial ryegrass (Lolium perenne). It 
was used in a sensitive double-antibody radioimmunoassay to determine specijc IgG and IgE 
antibody (Ab) levels in the sera of grass-allergic human subjects and the relationship between 
immune responsiveness and HL.4 type. A total of I39 subjects were studied, including 63 
subjects treated by grass immunotherapy and 76 untreated subjects. The sera of only 
four subjects were found to conrain anticytochrome c ZgG Ab; there was no evidence of 
cytochrome c-specijk IgE Ab in any of these patients. Based on these data, we conclude that the 
prevalence of IgE and IgG Ab responses to this protein is low. Because of the small number 
of responders, it was not possible to demonstrate a signilfcant association between any HLA-D 
spec$city and immune responsiveness to ryegrass cytochrome c. (J ALLERGY CLIN IMMUNOL 

1987;80:229-35. ) 

The cytochromes c represent a group of proteins 
that appear to be an excellent choice for studying the 
molecular and genetic basis of immune response be- 
cause (1) the proteins are easy to isolate because they 
can be identified by their unique spectral properties, 
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Ab: Antibody 

DARIAI Double-antibody radioimmunoassay 
SDS-PAGE: Sodium dodecyl suifate-polyacryl- 

amide gel electrophoresis 
DEAE: Diethylaminoethyl 

(2) they are present in all eukaryotes, and (3) amino 
acid sequences of more than 100 cytochromes c have 
been determined and have been found to exhibit a 
high degree of homology extending across the entire 
plant and animal kingdoms.” Recent immunogenetic 
studies in animals have served to emphasize the use- 
fulness of cytochromes c as model antigens.3d Finally, 
cytochromes c from ragweed and grass pollens have 
been implicated in causing IgE-mediated sensitivity 
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in some allergic patients.‘-” In view of the potential 
importance of the use of these cytochromes c in human 
immunogenetic studies, we have examined the prev- 
alence of Ab response to L. perenne cytochrome c in 
grass-allergic subjects and the relationship between 
responsiveness and HLA type. 

MATmAL Am IUET~ 
Cytochrome c 

Lolium perenne pollen (Greer Laboratories, Lenoir, 
N. C.) was defatted with petroleum ether and extracted in 
0.125 mol/L of ammonium bicarbonate, pH 8.0, for 18 
hours at 4” C.” High-molecular-weight proteins were re- 
moved from the extract by passing it through an Amicon 
(Amicon Corp., Danvers, Mass.) hollow-fiber cartridge, 
HlP5, with a nominal cutoff of 5000 dahons. We have 
observed that this cartridge allows the passage of cyto- 
chrome c. The ultrafiltrate containing cytochrome c was 
concentrated with an Amicon YM-2 membrane, dialyzed 
against deionized water, and lyophilized. After reconstitut- 
ing in 0.2 mol/L of ammonium bicarbonate, the ultratiltrate 
was chromatographed successively on Sephadex G-75 su- 
perfine, CM-Sephadex C-25, DEAE-Sephadex A-25, and 
Sephadex G-50 superfine. Experimental details are pre- 
sented in the legends to the individual chromatograms. 

Antisera 

Five different antisera raised against grass-pollen antigens 
were used to investigate the purity of the cytochrome c 
preparation. Goat anticrude rye-pollen antiserum No. 
A-617-60 l-557 (National Institutes of Health Research Re- 
sources reagent) was a pool of high-titer sera from three 
goats that were each hyperimmunized with repeated, 
multiple-site, intramuscular injections of 2 to 10 mg of 
dialyzed rye-pollen extract emulsified with Freund’s com- 
plete adjuvant containing 10 mg/ml of Mycobacterium bu- 
tyricum. The next two reagents were two purified rabbit IgG 
fractions, antiorchard grass and antifive grass mix (rye, or- 
chard, fescue, timothy, and velvet), kindly supplied by Dr. 
Henning Lowenstein. Each was prepared in three rabbits 
hyperimmunized with the respective antigens emulsified in 
Freund’s complete adjuvant (see reference 23). High-titer 
sera were pooled, and the IgG fractions were each isolated 
and concentrated fivefold (see reference 23). The fourth 
serum was a pool obtained by combining two exceptionally 
high-titer rabbit antirye and rabbit antifescue sera prepared 
in our laboratory by a similar procedure. The f&h serum 
was a rabbit anti&l p II serum prepared in our laboratory 
by hyperimmunizing a single rabbit with Lo1 p II antigen 
emulsified in Freund’s complete adjuvant. 

Agarose electrophoresis was performed at 10” C in 1% 
agarose (SeaKem ME agarose, FMC Corp., Rockland, 
Maine) with Tris-tricine buffer, pH 8.6, I 0.1, according to 

the method of Roebber et al. ‘* Proteins were run for 45 
minutes at 10 V/cm and then stained with “Boston” stain 
(50 ml of methanol, 124 ml of water, 20 gm of trichloro- 
acetic acid, 6 gm of sulfosalicylic acid. and 0.18 gm of 
Coomassie brilliant blue R250). Immunoelectrophoresis 
was performed essentially as described. ” 

Sodium d-1 su#ete-po#acrylamide 
gel e#ecWpbresis 

SDS-PAGE was performed in slab gels according to the 
method of Laemmli” with 10% to 20% gradient in poly- 
acrylamide. 

High-performance liquid *ema 
Analytical high-performance liquid chromatography was 

performed with Waters 501 pumps (Waters Associates, Mil- 
ford, Mass.), U6K injector and model 441 absorbance 
detector. 

9 with the chloramine-T methodI to a specific activity of 
about 1.1 X lo5 cpm/ng. 

Doubtsa 
DARIAs were used to study the binding of human IgG 

and IgE Abs to cytochrome c . For IgG Ab assays, the human 
serum was diluted 1: 10 in borate-buffered saline. For lgE 
Ab assays, the human serum was diluted 1: 2 in IgE my- 
eloma serum PS “carrier” ( l/XlCt). In each case, 100 ~1 of 
the diluted human serum was incubated for 4 hours at 
23” C with 100 pJ of radiolabeledcytochrome c (0.5 ng) 
containing 5% bovine serum albumin. Then, 100 ~1 of goat 
antihuman IgG (y-chain specific) or goat antihuman 1gE 
(e-chain specific) was added, and immune pm&pit&es were 
ahowed to form overnight at 4” C. The prec@itates were 
washed four times with borate-buffered saline and counted 
in a gamma counter. Ab content was expressed in terms of 
units, where 1 unit of Ab was equivalent to the highest 
dilution of a standard serum giving counts per minute value 
that was consistently significantly higher than the control 
counts per minute value. 

Two groups of unrelated subjects, described in earlier 
articles,15- I6 were studied. The first group consisted of-63 
individuals (4 1 male and 22 female) who were ~~~ 
in various clinical studies in the Division of C&&al &i- 

All these individuals were hi 
had been receiving high-dose 
grass-pollen antigens for a mimm 

The second group comprising 

poration, Hunt Valley, B 
selected individuals were 
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FIG. 1. A, Sephadex G-75 superfine chromatography of ryegrass pollen extract. Column: 5 by 
95 cm; sample: 15 ml containing 1.28 gm of lyophilized material; eluent: 0.2 mol/L of ammonium 
bicarbonate, pH 8.0, containing 0.02% sodium azide; flow rate: 20 ml/hr; fraction size: 10 ml. 
B, CM-Sephadex C-25 chromatography of cytochrome c-containing fraction (peak 4, A). Column: 
2.8 by 40 cm; sample: appproximately 100 ml of the pool (peak 4, A) was concentrated to 
25 ml through Amicon YM-2 membrane and applied on this column; elution: initially with 0.01 
mol/L of ammonium bicarbonate, pH 8.0, then linear gradient with increasing ammonium bi- 
carbonate concentration (to 0.1 mol/L) at constant pH of 8.0, and finally with 0.2 mol/L of 
ammonium bicarbonate plus ammonium hydroxide, pH 9.1; flow rate: 40 ml/hr; fraction size: 
10 ml. C, DEAE-Sephadex A-25 chromatography of peak 6, A. Column 2.5 by 50 cm; sample: 
7 ml; elution: initially with 0.01 mol/L of ammoniuni bicarbonate plus ammonium hydroxide, 
pH 9.0, and finally with 0.5 mol/L of the same buffer; flow rate: 40 ml/hr; fraction size: 10 ml. 
D, Sephadex G-50 superfine chromatography of peak 1, C. Column: 1.4 by 160 cm; sample: 
1.5 ml; eluent: 0.2 mol/L of ammonium bicarbonate, pH 8.0; flow rate: 15 mllhr; fraction size: 
3.5 ml. 

but, unlike the participants of the other group, were not RESULTS AND DfSClJSSKM 
receiving immunotherapy with grass-pollen extract. Purificatioh of cytochfome c 

HLA typings 
I-LA-A, B, C, DR, and DQ typings were performed on 

43 of the treated subjects and 66 of the Westinghouse sub- 
jects in the immunogenetics laboratory of Dr. Wilma B. 
Bias, Johns Hopkins University School of Medicine, with 
standard lymphocytotoxicity procedures. 

Amino acid malysis 

The protein sample was hydrolyzed for 21 hours at 
110” C with 6 N of HCl. Analysis was performed with the 
PICO TAG method with Waters’ high-performance liquid 
chrom~y system. Cysteine and tryptophan contents 
were not de&mined. 

Purification of cytochrome c involved four succes- 
sive chromatographic steps depicted in Fig. 1. The 
starting material was a “medium molecular weight 
fraction” of the pollen extract, obtained by remov- 
ing high-molecular-weight and low-molecular-weight 
substances, first by passing the pollen extract through 
an Amicon hollow-fiber HlP5 cartridge and discard- 
ing the retentate and then by passing the ultrafiltrate 
through an Amicon YM-2 membrane followed by di- 
alysis and lyophilization of the YM-2 retentate. Al- 
though the nominal cutoff of HlP5 hollow-fiber car- 
tridge is 5000 daltons, we have observed that it allows 
the passage of cytochrome c and of some larger 
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FIG. 2. lmmunoelectrophoresis of ryegrass cytochrome c before (upper panel) and after (hwer 
pane/) purification with a highly potent antiserum pool from three goats hyperimmunized with 
crude rye-pollen extract. Samples were run at 10” C for 45 minutes at 10 V/cm in 1% agerose 
in Tris-tricine buffer (pli = 8.8; I = 0.1). and antiserum was added to troughs cut in the gels, 
which were then incubated overnight at 23” C. After washing and drying, the gels were stained 
with 0.1% Coomassie blue R250 in 45% methanol and 10% acetic acid. 

molecules as well. On Sephadex G-75 column 
(Fig. 1, A), t.be “medium rndxrhar weight fraction” 
was resolved i&o four protein peaks and a fifth, broad 

g low-molecular-weight pig- 
“isnotdepictedinFig. l,A 

the column as a smear in a 
large volum& probably resulting from the interaction 
of the pigmeuts with the gel.) 

The four& p&k from the Sephadex G-75 column 
was tentatively identified by its pink color to contain 
cytochrome c. The pink fractions were pooled, con- 
centrated through an Amicon YM-2 membrane, di- 
luted with water to 25 ml, and chromategraphed on 
a CM-Se-x cohmm (Fig. 1, B). Acidic proteins 
were eluted in two peaks in the initial buffer (0.01 
mol/L of ammonium bicw, pH 8.0), followed 

n a salt gradient was applied. 
and 6 (Fig. 1, B) also appeared 
c. Peak 6 was used for further 

purifkatio~ betspuse it contained significantly larger 
amourttsoftbeprotein. 

Thepo&djk&fra&ionund~peak6(Fig. 1,B) 
membrane and 
salt cL!owentra- 

t was then chro- 

properties included absorp- 
410, 520, and 550 nm.l’ 

1 was lyophiked, and after 

recorrstitution in 1.5 ml of buff&r, it wan &mmato- 
graphed on Sepbadeg G-50 supe 
column was nlfm&d both at 

weight were ubtakd. 
nhr weight peak also 
that it might repreant a 
chrome c. The pro&h 

Immkmoel~resis was initially ~~ 
with the pool of antisera from three g-,:&m- 
munized with crude rye-pollen extract (FWhal 
Institutes of Heal& Resea& 
No. A-617-601-557). This serum 
precipitin lines against the c&e e 

was found even after 
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other grass-pollen extracts (see Material and Meth- 
ods). Three of these sera were able to detect 30 to 
40 immunoprecipitates against crude rye extract; 
the fourth serum was essentially monospecific for 
Lo1 p II. Taken together, these data provide evidence 
that antigenic impurities are undetectable in our cy- 
tochrome c preparation. On agarose electrophoresis, 
the purified L. perenne cytochrome c elicited a major 
band and a smear, probably corresponding to oxidized 
and reduced forms.’ SDS-PAGE of the purified cy- 
tochrome c elicited one band corresponding to a mo- 
lecular weight close to 12,000 daltons (Fig. 3). The 
absorption spectrum of the protein demonstrated ma- 
jor peaks at 280 and 410 nm, and minor peaks at 350, 
520, and 550 nm (Fig. 4). The absorption maxima at 
280 nm is due to protein; the maxima at 350, 410, 
520, and 550 nm are the characteristics of the hem- 
ochrome spectrum of cytochrome c.” The amino acid 
composition (Table I) of this cytochrome c was found 
to be similar to that previously reported for ryegrass 
cytochrome c . ‘O 

Immune response to cytochrome c 

A total of 139 grass-allergic subjects were studied, 
including 63 subjects treated by grass immunotherapy 
and 76 untreated subjects. The sera of four subjects 
who had received high-dose grass immunotherapy 
were found by DARIA to contain anticytochrome c 
IgG Ab; there was no evidence of cytochrome 
c-specific IgE Ab in any of these patients. -With the 
possible exception of one patient (C. St.) the pretreat- 
ment blood samples of these four patients had no 
detectable Ab against cytochrome c, and the specific 
IgG Ab was produced in response to immunotherapy 
with whole grass-pollen extracts. None of the other 
subjects studied demonstrated any detectable anticy- 
tochrome c IgE or IgG Abs. With such a low pro- 
portion of responders, it was not possible to demon- 
strate a significant association between an HLA-A, B, 
C, or DR specificity and immune responsiveness to 
cytochrome c. It should, however, be noted that all 
three responder subjects for whom HLA-D typings 
were available possessed DQl. The corresponding 
proportion of DQl in D-typed treated nonresponders 
was 31/43 (72%). 

The low prevalence of IgG Ab response to ryegrass 
cytochrome c (even after high-dose immunotherapy) 
and absence of detectable IgE Ab in all 139 patients 
studied is in contrast to an earlier study suggesting 
that ryegrass cytochrome c is allergenically active.” 
With a high concentration (1 pg/ml) of ryegrass cy- 
tochrome c (Lo/ p X) in intradermal tests, three 
ryegrass-allergic individuals were found to demon- 
strate positive skin tests.” Cytochromes c from 

PIG. 3. SDS-PAGE analysis of purified Lo/ p cyto- 
chrome c in a gradient gel. The sample and molecular 
weight standards were denatured and reduced by boiling 
in 62 mmol/L of Tris HCI, pH 6.8, containing 2% SDS, 5% 
2-mercaptoethanol, and 10% glycerol and ware then elec- 
trophoresed for 4 hours at 30 mA in the get (1.5 mm thick, 
12 cm long, and 14 cm wide). The stacking gel (4% con- 
centration) was prepared in 125 mmollL of Tris HCI, 
pH 6.8, containing 0.1% SDS. The separating g&consisted 
of a gradient of 10% to 20% gel in 375 mtnoi/L of Tris I-ICI, 
pH 8.8, with 0.1% SDS. The tank buffer was 25 mmol/L of 
Trial92 mmol/L of glycine, pH 8.3, with 0.1% SDS. After 
the electrophoresis, the proteins were stained in 0.125% 
(weight per volume) Coomassie blue R-250 prepared in 
50% methanol and 10% acetic acid. R&At lane, purified 
cytochrome c; left lane, molecular weight markers from 
bottom to top: horse heart cytochrome c (11,7691, soy- 
bean trypsin inhibitor (21,500), ovalbumin (45,0091, and 
bovine serum albumin (68,000). 

ragweed’ and Kentucky bluegrass4 were also sug- 
gested to be allergenically active in allergic individ- 
uals. Thus, in a preliminary communication, Good- 
friend et al.’ observed positive skin test reactions “at 
dosages of 0.1 pg/ml” of ragweed cytochrome c in 
ragweed-allergic subjects. (The numbers of patients 
tested and found positive were not mentioned.) Ek- 
ramoddoullah et al.’ found two of three patients dem- 
onstrating positive skin reactions with 20 ~1 of Ken- 
tucky bluegrass cytochrome c (1 pg/ml) in intradermal 
skin tests. Ekramoddoullah et al .I0 found three patients 
positive to ryegrass cytochrome c with 1 pg/ml in 
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are consistent with previous findings in animals, and 
we conclude that the prevalence of human IgE and 
IgG Ab responses to cytochrome c is low. 
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