Characterization of a major allergen (cod)

Effect of enzymic hydrolysis on the allergenic activity
I s, MDD, and S, M. Elsayed, B.Ne., Oslo, Norieay

A previousty isolatod major alergenic Sfraction: [rom cod was hydiolyzed with
proteolylic enzymes and carbolydrascs and subjeeted Lo in vivo digestion erperiments.
Effeels of 1hese proceduris wece noted on its allergenic activity measared by obility
Lo dndiee diveel amd Didivect slein st reactivity awd anfigepie capicity to yeact
with spoedfice pabbhil oobiscorow, el psir Iopdrolysis will trypsin, pepsing sublilisin,
and pronase rosilled i complede dostruetion of hoth piropcrtivs, Pavtiol Joydrolysis
and crlensive clastase Geatment paitiolly reduced boih of hese activities o the
same extont,

Npersensitivity to fish s frequently encountered in some populations.?
The frequency and nature of allevgy o fish Tend it as a suitable model for
study of Doth the immmologie aspoects of hypersensitivity in man and the charae-
ter of the respousible allergenic components. 1t is of special interest that fish
may act cither as a food or inhalant allergen, or hoth.

In previous papers,™ the isolation of a highly active allergenie fraction
(DS 22) from cod and its purification by evystallization wore reported. Seareity
of this purifiecd material makes its use prohibitive fur extensive experinienta-
tion. However, it was found that the mother fraction DS 92 iy adeqguately
representative of the allergen for study of the effeets of enzymes. If the
activity of the mother fraction is destroyed by enzymie hydrolysis, this indicates
that the pure allergen as well is affected hy such digestion. DS 22 and its deriva-
tive erystallized preparation were hoth shown to eontain the major allergen (s)
present in cod as eaten by the patients, in steam colleeted from cooking eod,
and in the allergen extract from cod. This was substantiatod hy the demonstra-
tion of allergie symptoms in patients following oval ingestion of the material
concealed in heef as well as by weans of direet. skin testing and passive transfer
eross-neutralization experinients. ™ With several antisera from rabbits injected
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with eod extraets, only one preeipitation line was obtained in immunodiffusion
experiments; but with the aid of one speeific antiserum, it was shown that both
the major allergenie fraction DS 22 and the erystals contained 4 antigenic
determinants. DS 22 was homogenous in ultracentrifugation, molecular sieve
experiments, and in polyaerylamide gel dise electrophovesis at acid pH. By
dise electrophoresis at alkaline pll, however, hoth DS 22 and the erystallized
allergenie fraction were sepavated info 2 subeomponents (P3 and P4) that were
antigenically and allevgenically identical”® In some experiments, the fastest
zome (P3) was split into 2 subeomponent zones, probahly due to some degrada-
tion effeet. The moleenlar weight was orviginally estimated at 17,000, but sub-
sequent, ultracentrifugal analyses have indicated a moleeular weight (MOW.)
of the aetive material to be 14,000 to 16,000.% " In further experiments, the
subeomponents have heen separated by eleetrofoeusing on ampholine eolumns.
and the ehemical composition of DS 22 and the active subeomponents has been
analyzed.’ The major allergenie protein appears 1o he vather peculiar aong
fish myogens, and the cod myogen fraction isolated differs from mpyogens of
other species with tespeet to the nltraviolet (UV) speetrum and mnino achl
composition ; it eontaing one vesidue per molecule of tryptophan and owe residue
of methionine, together with the usual high number of phenylalanine yesidues,
DS 22 contains also small amounts of glueose (0.4 to LO per cent L vibose (0.4
per cent), galactose (0.1 per eent), and mannose (0.1 per cent Tne na sialie
aeid, ™ 1

The present paper reports on atfempts to assess the effeet of vravinie diges-
tion on the allergenie activity of the major allevgenie fraction, D

METHODS

The reference allergen extracts fromw cold (Gudus callarars Lojoand salmon
(Salma sular)wore prepaved as deseribed previously® Allergen extracts from
horse dander were purchased from Nyegaard and Company, Oslo.t The purified
myogen fraction DS 22 containing the major allergenis: from cod was isolated
by extraction with distilled water followed by chromatography on DEAE-cellu-
lose columns and repeated gel filtration on Sephadex G-75 as deseribed else-
where. ® Cod-hypersensitive and control subjects were selected from among 825
ehildren suffering from allergic urticaria and/or asthma as deseribed in a pre-
vious paper.t Children with elinical and skin hypersensitivity to allergens other
than fish were used as eontrols. Serum for passive transfer experiments was col-
leeted from a fish-allergie adult, D. B., and a patient (No. 83) who had pre-
viously been shown to possess the capaeity to diseriminate between cod and sal-
mon with respect to reaginic activity.® The hypersensitive serum donors also
showed markedly positive skin reactivity to horse dander extracts, which made
them well suited for passive transfer tests as outlined later. For econtrol pur-
poses, serum was collected also from a nonallergic and an allergic donor with
no skin or clinieal allergie veactions to fish.® None of the serum donors was
allergie to beel. The allergenie activity of the diffevent materials under study
was controlled by skin testing in 10 ehildren who were allergie to cod and in an
cqual number of allergic control individuals tolerating fish, The test materials
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were used in protein concentrations of approximately 20 mg. per 100 ml. unles
otherwise stated.’ For assessment of relative activity of different materials,
serateh and passive transfer tests were performed with serial dilutions from the
standard concentration, Passive transter experiments and eross-neutralization
tests were performed as deseribed previously®® and as outlined for the in vivo
experiments in the Results seetion in this paper.

Speeifie vabhit antisera to eod antigens were produced, colleeted, and stored
as described elsewhere.? DIEAE-cellulose fractionation, gel filtration, polyvaeryl-
anide gel dise eleetrophoresis, protein estimation, UV spectrophotometry, ster-
e filtration, dialysis, double diffusion-in-gel experiments, and photographie
recording were performed as outlined in previous communieations. - ™ ¢

The enzymes pronase, earhoxypeptidase A, leueine aminopeptidase, elastase,
neuranminidase, beta-elucosidase (from sweet almonds), and bheta-galaetosidase
(from yeast) were obtained from Koch-Light Lahoratories, Colnbrook, Bueks,
England, Pepsin was obtain from Difeo Laboratories, Detroit, Mich.; trypsin
was procured from British Drug Houses TAd., Chemieal Division, Poole, En-
aland. and subtilisin was obtained from Siga Chemical Company, St Lois,
Mo,

The carhohydrate content was estimated by gas-liquid partition chromatog-
raphy as described by Clamp and assoelates'? on a gas chromotograph model
402, 10 & M Corp., Avondale, Pa.

Enzyme hydrolysis

All enzymes were used at one per cent of the weight of the protein. The di-
uestions were performed at 37° €. for 48 hours or shorter periods for partial
hvdrolysis. Optimal pH and hydrolysis conditions were seleeted as advoeated
for each enzyme.""® To stop the digestions, the material was heated to 80° (',
for 10 minutes, previous experiments having shown that the allergenie activity
of cod is resistant to sueh treatment.** For cach experiment, 4 aliquots were
prepared. One aliquot consisted of the enzyme solution without any allergenic
material added. One aliquot contained the allergen (DS 22) solution mixed with
an enzyme preparation which had been inaetivated by heating to 80° (% for 10
minutes. These preparations served as controls. Two aliquots contained a niixture
of the allergenie solution and the active enzyme preparation. The allergen
DS 22) was used in a concentration of 1 mg. per milliliter and was mixed with
the enzyme preparation after sterilization by Millipore filtration, Samples were
allowed to reaet for 10, 30, and 60 minutes and 2, 4, 6, and 48 hours, and then the
reactions were stopped. One sample containing DS 22 and active enzyme was
dialyzed against large volumes of distilled water at 4° (., whereas one similar
sample was left undialyzed. Sterile filtration was carried out before biologieal
tests were done,

RESULTS
Digestion in vivo

Sites on the volar surfaces of the forearms of a nonallergie volunteer were
sensitized with serum from the cod-allergie donor, D. E., the patient (No, $8)
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Table I. Passive transfer cross-neutralizalion (in mivo) Lests.
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LU intracutaneous,

flohor and edemn presisting ofter e LCL Gjection 6 hours before {he aral ingestion.

alleraie to hoth cod and salmon, and the control individuals sensitive to allergens
other than fish. Approximately 24 hours Tater, the recipient ate 20 ma. of 1N 22
alter fasting approximately 24 honrs. No reaction ocenrred. One of the sites
sensitized with seruin of Donor DL E, was tested with the injection of 0.1 ml. of
DS 22 (0,02 me. per 100 mly and showed a markedly positive reaction, while
the other sites remained unaffected. The recipient ate 20 me. of DS 22 6 hours
later, this time mixed with approximately 200 G, of pure beef. Within the next
30 minutes, urticarial wheals oceuvred at all sites sensitized with the fish-
allergie sera except in the one injected with DS 22 6 hours previously., The
control sites remained negative, All sites were challenged 24 he, Tater (when all
reactions had disappeared) with the intracutancons injeetion of the rveference
extraet from cod, which contained approximately 20 e, per 100 ml. of protein.
No reactions were clicited, which indicated that the cod-reacting reagin in the
sensitized sites had been completely exhausted by the former tests. One hour
later, the sites were chatlenged with the reference extract from salmon, This
timie, the sites sensitized with serum of Patient No. 83 reacted with a marked
4 plus (4 1) wheal, whereas the other sites remained negative. A final challenge
approximately 24 hours later with horse estracts in all sites elieited markedly
positive reactions in all allergie seva sites but noue in the control sites, which
showed that the skin still possessed the ability to reaet on speeifie challenge

(Table T).

Extensive proteolytic hydrolysis in vitro

We studied the effeet of hydrolysis on antigenicity, allergenie activity, and
vesulls of dise electrophoresis, After extensive hydrolysis with trypsin, pepsin,
subtilisin, and pronase, respeetively, the protein was deeraded to the extent
that hoth the allergenie activity and the ability to react with the specifie anti-
serun were fost, Stmilar treatment with elastase for 48 hours resulted in loss of

o et i i
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approximately 50 per cent of the allergenie activity, The clastase-treated
material elicited only one or possibly two overlapping preeipitation lines, prob-
ably representing the fusion of the two almost overlapping precipitation lines
of the original DS 22 material which were adjacent to the antigen well. The
antigenic determinants vesponsible for the two close precipitation Tines adjacent
e, 1), The materials treated with
ocl columms without giving any

N e

to the antiserum well appavently were Jost (1
these enzymes all passed the polvacryiamide
visible zones, whereas the oviginal DS 22 matervial, mixed with inactivated cn-
zymies, was separated info the distinet fast-migrating zones (93 and P4) typieal
for DS 22 as such (g, 23,

Neither hiologie allevgenic activity nor antigenie properties in immuho-
diffusion were altered by the removal of the N-terminal (avginine) and the
(derminal (aspartie acid, elutamic acid, and arginine) amino acids by aid of
leucine aminopeptidase and earboxypeptidase, respectively, Dise electrophoresis
ol the enzymes themselves resulted in no visible zones in the ecl in the concen-
trations nsed, but when DS 22 was treated with the earhbohydeases meutioned,
the vesultine material was separated by dise clectrophoresis into 4 closely
migrating fast-moving zones which apparently ocenread as 2 pairs, eaclo vepre
senting one of the main zones in the original DS 22 matevial (Fig, 2y, The de-
tails of these experiments will he published separately.'t Therve was no differ-
enee in reactivity between dialyzed and nondialyzed material,

4

Fig. 3

Results of hydrolysis of DS 22 with pepsin for 80 min. (1), T hreo (2), S e (3), 4 he. (£),
8 hir. (5), and 24 Tir. (6) as shown in double diffusion-in-gel experiment, Antiserum in cenfral
well. Antigenicity (pattern) lost after hydrolysis for between 2 and & i,
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Effect of partial hydrolysis with pepsin, trypsin, and pronase

With Doth pepsin- and trypsin, the hydrolysis time needed for complete
inactivation of the allergen was found to he between 2 and 3 hours in standard
experiments, Iydrolysis for shorter time periods resulted in nondialyzahle prod-
uets still possessing the ability to elicit positive rveactions in both direct and
indireet skin tests. Some Toss of allergenie activity oceurred, however, even

Fig. 4
Result of freatment. of DS 22 with pronase for 24 hr, as shown by polyacrylamide gel dise
electrophoresis. Product gives one distinel Cust-migrating protein zone.
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alter shovt-term hydrolysis, and there was apparently sonie correlation hetween
reduction of activity as judged by the size of reactions elicited and the extent
of hydrolysis. This matter was not investigated in detail in this study however.

ydrolysis vesulted also in a gradual loss of ability to react in immunodif-
fusion with the specifie antisernm (i, 3). The complete disappearance of anti-

enicity in this respeet oceurrved simultancously  with the eomplete Joss of
allereenic activity.

Treatnent with pronase also vestlied inoa eradual loss of the allevgenice ac-
tivity, but considerable thne was peeded for complete nactivation. DS 22 was
appavently relatively vesistant to degradation by pronase, Byven after 24 hours’
treatent. the material contained components giving one distinet protein-
statning zone in dise eleetvophovesis experinents (Fies 4y, and this material
still possessed some allergenic activity, Treatinent. for 48 Tours destroyed all
activity, however,

Effect of in vitro digestion with carbohydrases

Treatuent of DN 22 with hetaselueosidase, betacealnetosidase, and nenvam
inidase separvately or i combination had vo effeet on the allergenie activity
of the aterial o on the results of nnunodiffusion and dise cleetrophoresis
expeviments, However, gas ehromatography on the end products showed that
the enzyvmes had not heen effective for retoval of the snears present.,

DISCUSSION

Most. of the allergen extracts used in elnieal diagnosis, specifie hyposensitiza-
fion treatment, and experimental work are evude mistures contaiuning several
antizenic proteins, Tach single protein present may represent an antigenie mo-
saie, Sone of the anticens may be of o or only minor importanee for elinieal
hypersensitivity, and soie eontain the major allergenie activite.™ We know
but Tittle about the struetures vespousible for the allergenie activity. This Jack of
knowledge hampers progress in extract standardization, precise clinical and ex-
perimental work, and the developiment of reliable in vitro methods in allergy.
Much thorough work Tas heen earvied ont in different Jaboratories for the puri-
fication of allereens and most of this work has been concerned with inhalant
allergens, Allergen fractions have heen isolated from various sowrees.® # No
convineing evidenee has heen pui forwad so far that strietly purified, uneon-
taminated allergens have heen isolated. Detailed analyses of the ehemical eom-
position of allergenie fractions which arve not completely purified appear to
be of restricted value, as any component found is as likely 1o represent nou-
allergenie impurities as the allergenie, active prineiple in question. Such analy-
ses may, however, furnish some data mandatory for further purification steps.
Within eertain limits, the information obtained may he vepresentative for the
allergen as such., This applies (o the effect of enzymes on allergenie activity
ol the treated materialy, al least wheve destrucetion of this property results.

As veported elsewhere, the allergen extract from cod containg minor aller-
genie components as well as the major allergen The present study was con-
cerned with the major alleraen only, The hiologic alleveenie activity of the latter
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is very high. Passive transfer reactions may be elicited with eoncentrafions
down 10 107 me. per 100 ml. with sone hypersensitive sera® * 1t has previously
been shown that the allergenie activity is associated with determinants that
are also antigenic to the rabhit™ * This was substantiated by the resalts in 1he
present study, The allergenie activity and the antigenieity as assessed Dy im-
modiffusion were completely destroyed by extensive hydrolyvsis with proteolyt-
ie enzywes, whereas partial hvdvalysis vesulted in grdual loss of hoth charvie-
tevisties, reaching complefe disappearance of hotl at approxitadely the same
extent ol hydrolysis, The oxeeption found is dioestion with elastase, which is an
endopeptidase partieidarlv attacking nenteal rosiodues, Treatment with elastase
leaves a prodiet containing one or fwo antivenic deternivants and some of {he
allergenie activity as well, These expoeriments indicate that the atleveeniv e
tivity ix determined by antieenic determinanis ot a protein o polypeptide
chain above a certain eritical size (and loss than HLO00 to 16,000 AT, W1y
The vesults of the in vivo digesiion experiments indicate that the hreakdown
of allevaenic structures eontained in food is incorplete i the allergen is intra-
duecad with oflier proteins into the dicestive sestern, asis usnally the case, A
portion of ingested profeins iy he absorhed feom the intestinal trael rolainine
the allergenic activity, as reported Ty Walzer
nonatlergenie proteing may protoet the allergen from being completely hydro-
lvzed i vitvo and affeeted by digestive action in vivo, This may be an explana-
tion for the divergenes of results obtained by different vescavel workers in this
fieldf o 1oz o " Some authors find that the activity is destroved by some
proteolytic enzyies and not by others ™ Recent stindies by Augustin®™ and hy
Marsh and colleagues® demonstrated 1hat the activity of timofhy pollen and

1 vears ago The presence of

rye grass pollen is destroyed by pepsin anid trypsing King and Noviman® report
that the activity of ragweed pollen ix destroyed by pepsin but not by ey psin,
Berrens® found that the house dust allergentsy is vesistant to teypsin and
chymoteypsin Tt not. fo pepsing Vavious allereens may have rather different
determinant structures, which allows for differenees in results.

Diffevences ave also veported as to the amount of carhohsdrates and the
significance of the sngars found in {he alleraenie Fractions of varions materials.
Stanworth,” studving horse dander allergens, elaimed that the activity ap-
peared 1o be elosely conneeted with the arbohydrate honds in the allergenie
“Chold that N-glycosidie structures are
of fundamental importance for several allergens. Other investieators elaim that

)

coprotein, Bervens and co-workers

carhohydrates are of no iportanee s #20 Rugn oy experiments, no conclu-
siong ean he drawn, as the carbohvdrases used were not effeetive in splitting the
¢lyeosidie honds. Morve recent experiments with subcomponents harvested by
means of electrofoeusing on ampholine columus haye indieated that niuel of the
allergenie activity is present in a cavhohydirate-free component, which makes
further experiments with carbohy drases unnecessary.' The material obtained by
partial profeolytie hydrolysis of DS 29 appears to he well suited for further
study of the allergen in question, and the mefhods used For the preparvation and
control of such fragments may prove valuable for the study of other allergens
as well,
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