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Abstract

Recombinant proteins are used for vaccines, therapy and diagnosis of many diseases. Biological activity of these may differ from nat
counterpart and needs investigation. The present study aimed to compare recombinant (r) and native (n) glittatinisizease (GST) from
Alternaria alternata. GlutathioneS-transferase sequence showed an ORF of 696 bp encoding 26-kDa protein with N-terminus conserved domai
Secondary structure of both forms was comparable with melting temperature of 57 a@drg8pectively. rGST and nGST showed similar
enzymatic activity, allergenicity and potency by ELISA inhibition. Histamine release was comparable in 14/17 patients for both the GSTs. rGS
and nGST induced proliferation in PBMC at different concentration. Cell supernatant revealed higher IL-4 and IL-5 levels with low levels ©
IFN-vy. In summary, recombinant and native GST demonstrated similar physio-chemical, biological and immunological properties and induc
comparable cell mediated and humoral response to be used for diagnosis and specific immunotherapy for the fungal allergy cases.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction cross-reactive allergens froAiternaria (Wagner et al., 2000;
Weichel etal., 2008wvhile 32 kDa, 60S ribosomal protein P2 and
Fungi are involved in hypersensitive reactions in aboutMnSOD are fromPencillium chrysogenum, Fusarium, Venena-
20-30% of the atopic cases worldwidgi¢ulekas et al., 2004  tum andAspergillus fumigatus (Wagner et al., 2001; Hoff et al.,
Alternaria alternata is known to induce asthma and respiratory 2003; Shen et al., 2003The use of such proteins can minimize
diseasesAchatz et al., 1995 Previous studies have identified allergens for diagnosis/treatment without compromising effi-
Alt a 1-3 (heat shock protein), 6 (60 s ribosomal P2 phosphoeacy Chapman etal., 2000Recently, glutathioné-transferase
protein), 7 (flavodoxin 1), 10 (aldehyde dehydrogenase), 11GST) was demonstrated as cross-reactive allergen among fungi
(enolase), 12 (60S acidic ribosomal protein P1) as allergeni¢Shankar et al., 20Q5It has been shown as allergenBiutella
proteins fromA. alternara [FAARP database]. Further studies germanica, Dermatophagoides pteronyssinus and arthropods
have shown common allergens betweerulternata, Curvu- (O’Neill et al., 1994; Arruda et al., 1997; Galindo et al., 2D01
laria lunata and Epicoccum purpurascens (Gupta et al., 2002; In recent times the knowledge of such proteins is essential to
Bisht et al., 2002 Nuclear transport factor 2 and enolase aredistinguish between co-exposure, co-sensitization and cross-
reactivity.
Recombinant allergens have shown potential for diagnosis,
Abbreviations: CD, circular dichroism; GST, glutathiontransferase;  iImmunotherapy, synthesis, study of hypoallergenic variants, epi-
IDT, intradermal test; n, native; r, recombinant tope mapping, etc.Lorenz et al., 2001; Hiller et al., 2092
* Corresponding author. Present address: Room 509, Allergy and Immunogyq\yeyver, recombinant proteins to be used in clinic should have
ogy Section, Institute of Genomics and Integrative Biology, Delhi University . . . . . . . .
Campus, Mall Road (Near Jubilee Hall), Delhi 110007, India. Slmllar_ physm-chemlcal, _b|0|oglcal and Immun0|oglcal prop-
Tel.: +91 11 27666156/7; fax: +91 11 27667471, erty with the native protein. Therefore, the present study was
E-mail address: naveen@igib.res.in (N. Arora). aimed to clone, sequence and express a major allergenic protein
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from A. alternata. Further, biochemical, physio-chemical and 2.2.5. Circular dichroism (CD)
immunologic properties of recombinant and native proteinswere CD was done in far-UV range (190-300nm) for rGST

compared. or nGST in phosphate buffer (Jasco 715). Thermal scans
between 10 and 10@ were performed to detect tH&, of

2. Experimental proteins.

2.1. Materials 2.2.6. IgE reactivity of rGST and nGST

SDS-PAGE resolved rGST and nGST @) were trans-

General cell culture reagents and antibodies were purchaségred to a nitrocellulose membrane and developed as described
from either Sigma—Aldrich (USA) or Amersham (UK). EZ-RNA previously Shankar et al., 2005
isolation kit was from Biological Industries (Israel). mRNA kit ~ To determine specific IgE, ELISA plates (Nunc, Denmark)
was from Gibco-BRL (Invitrogen, USA). cDNA synthesis kit were coated with 100 ng of rGST, nGST o of A. alternata
was from Stratgene (La Jolla, USA). Cytokine assay kits werextract {oller et al., 197§. The plates were washed, blocked
from BD Pharmingen (San Jose, USA). with 3% defatted milk and incubated with patients’ sera (1:10)
at 4°C overnight. The wells were incubated with anti-human
IgE peroxidase (1:1000) for 3 h, color developed and read at
492 nm Gupta et al., 2002

For ELISA inhibition, ELISA plates were coated with anti-
. . gen (100 ng of rGST, nGST or g of A. alternata extract)
A. alternata (4789) obtained from IARI, Delhi and extract kept overnight with pre-incubated sera containing different

was prepared as described previousignkar et al., 2005 concentrations of rGST or nGST and processed as described
A. alternata extract (80 mg) was loaded on DEAE-sephadex bove

G50.The column was washed and protein eluted with O.5l\/ii
NaCl. Fractions containing GST activity were pooled, dialyzed,
lyophilized and incubated with glutathione Sepharose 4B col4-2:7- Histamine release on allergen challenge

umn (Amersham) at 4C. The fraction containing GST activity ~ FOr histamine release/¢rma et al., 2008(Immunotech),
was pooled, dialyzed, lyophilized, protein estimated by modified'€Parinized blood from 17 patients were challenged with 1 or
Lowry’s method Gingh et al., 1999and analyzed on SDS- 5ng extract, rGST or nGST for 30 min at 3Z. Histamine

PAGE and Western blotted with anti-GST peroxidase (1:2500§tandards (0-100 nM) and released histamine from the samples
vIv; Sigma). were acylated and measured by ELISA. Spontaneous histamine

release in unchallenged sample and total histamine was mea-

sured. Five non-allergic individuals were used as negative con-
2.2.2. Construction and screening of cDNA library trol.

cDNA library was prepared from jpg mRNA isolated
(Gibco-BRL) from total RNA using EZ-RNA kit (Biological , . . .
industries) in\-ZAP vector (Stratagene) as per manufacturer’s2’2t',8' Cy ;)IZM analysis and PBMC proliferation on
protocol. The radioactive probe used for screening e~ /i8¢ chatiense

GCT CAT AAA CTT GTT GTC TAT TTT TCC-3. Positive For_Iymphoprollferatl_on assays,flﬁell_s/well isolated from _
heparinized blood by Ficoll hypaque (Sigma) were cultured in

gggjev;l]ﬁrs?pupiir;egigz;}sgteTrgs?.nd T7 primers (ABI-377, DN'AFQPMI media and challenged with 1 or {L@ of extract, rGST
' or nGST. PHA (5.g) was used as positive control and no stim-
ulant was added to negative control. Plates were incubated for
2.2.3. Expression and purification of rGST 72 h and supernatant collected for cytokine assay. Cells were
PCR amplified cDNA was ligated into pET22b+ vector andwashed, incubated for 2 h with MTT (1@@/ml), lysed in acidic
protein expressed ifi. coli BL-21 cells, induced with 1mM  jsopropanol and read at 570 nm.

IPTG for4 h. GST was purified using affinity columnand activity  |L-4, IL-5 and IFN-y were estimated by ELISA kits following

2.2. Methods

2.2.1. Purification of native GST (nGST)

assayed with 1-chloro 2,4-dinitrobenezene. manufacturer’s protocol (BD Pharmingen OptEIA kits). Stan-
dards (5-500 ng), 100l of sample (1:2) or controls were added
2.2.4. Skin testing and sera collection to wells and incubated at 3T for 3 h. The plates were washed,

Intradermal tests were performed with alrernata extract incubated with biotinylated detector antibody and color devel-

(1:500, wiv), nGST (1Qug/ml) and rGST (1ug/ml) on respi-  OPed.

ratory allergy patients at V.P. Chest Institute, Dellia{ling,

1985. Phosphate buffer saline and histamine diphosphat@.2.9. Statistical analysis

(100wg/ml) were used as negative and positive controls, respec- Specific IgE, histamine release and cytokine levels to rGST
tively. Ten controls were also skin tested with protein andand nGST were compared by a pairegest. The correlation
extract. Informed consent was obtained for participation incoefficients between rGST and nGST were determined by linear
the study and Institutional Ethics Committee has approved thesgressiorp-Values < 0.001 were considered statistically signif-
protocol. icant.
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2.3.5. Skin reactivity with rGST and nGST

q Intradermal tests performed on 115 allergic patients showed

marked positive skin reactivity td. alternata extract in 17

patients, whereas 14 showed with rGST and nGST. Skin reac-

i tivity of rGST and nGST differs slightly in patients 8, 10 and

© H 11(Table 3. Ten normal controls did not show positive reactivity
to rGST and nGST oA. alternata extract. However, only five

Fig. 1. SDS-PAGE profile and immunoblot of native and recombinant GST.normal individuals consented to participate in the study.

(a) Ten micrograms of protein was resolved and stained with CBB. Lane 1,

nGST; lane 2, rGST, (b) rGST and (c) nGST were transferred to membrane

and probed with 17 individuadirernaria hypersensitive patient’s sera (1:10) 2.3.6. IgE binding of rGST and nGST

or normal human serum (C1-C5) as negative control and incubated with anti- All the individual patient’s seran(=17) recognized both

human IgE-HRP (1:1000). rGST and nGSTKig. 1b and c) whereas control sera did not react
with either GSTs{ =5). ELISA using hypersensitive patient’s

2.3. Results sera showed higher specific IgE values for the crude extract as
compared to recombinant or nGSTaple J). Specific IgE values

2.3.1. Purification of nGST differed for both GSTsTable 1) but showed a significant corre-

nGST was purified from. alternata extract and yield was  |ation (R = 0.946 anch <0.001). Specific IgE values of controls
1.02 mg/g of fungal culture. It migrated at 26 kCFd. 1a, lane (5 =5) were from 0.056 to 0.123 for crude extract, rGST and
1) with >95% purity having 0.987 units/ming enzymatic activ- nGST.

ity. ECsg for self-inhibition of rGST and nGST was 2.7 and
2.5ng, respectively, indicating both have similar potencysEC
2.3.2. Cloning and sequencing of GST of crude extract with rGST as inhibitor was 6.5 ng while with

Sequence of cDNA was 801 bp with an ORF of 696 bp encodnGST it was 5 ng. On cross-inhibition of nGST with rGST and
ing 231 aa protein (accession no. AY514673) with predicted/ice-versa EGywas 2.8 and 3.5 ng, respectively, demonstrated
mass of 26.5kDa. The ORF had a conserved N-terminus GSglose nature of both the GSTs.
domain and was 27% identical to GSTSs fréhmdida albicans,

with <20% identical to other GSTs. 2.3.7. Histamine release on challenge with rGST and nGST
Out of 17 hypersensitive patients, 14 showed histamine
2.3.3. Recombinant expression and purification of rGST release between 11 and 48% on challenge with 5 ng of rtGST and

The yield of purified rGST was approximately 2.5 mg/lwitha nGST ig. 3) and showed statistically significant correlation
molecular weightFig. 1a, lane 2) of 26 kDa. Enzymatic activity (R=0.924 ang <0.001) though individual difference between

of —IGST was 0.983 units/mipJ. the patients were observed. Significant correlation was also
observed between histamine release and specific IgE for rGST
2.3.4. CD spectra (R=0.958 ang»<0.001) and nGSTR=0.917 ancgp <0.001).

Secondary structure of nGST and rGST showed slight differPatients 2, 4 and 7 with less than 10% histamine release showed
ences at 198, 208, 210, 223 and 232 nm indicating differencdsw levels of specific IgE for rGST and nGSTgble 1. The
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Table 1
In vivo and in vitro sensitization td. alternata, rtGST and nGST
Serial number Age/sex Clinical histdry  Intradermal test repctt Sp. IgE values (Oky2nm)

Alternaria extract rGST nGST Crude extract rGST nGST

(100p.g/ml) (10 pg/ml) (10 pg/ml)
1 40/F AR ++ ++ ++ 0.389 0.336 0.313
2 28/M AR ++ + + 0.286 0.201 0.213
3 28/F AR +++ +++ +++ 0.789 0.716 0.762
4 25/F AR, BA ++ + + 0.278 0.213 0.207
5 23/M BA ++ ++ ++ 0.601 0.352 0.365
6 22/F AR ++ ++ ++ 0.458 0.413 0.389
7 22/F AR, BA ++ + + 0.282 0.261 0.298
8 42[F BA ++ + ++ 0.413 0.262 0.318
9 35/F AR ++ ++ ++ 0.354 0.312 0.324
10 60/M AR ++ ++ +++ 0.589 0.529 0.513
11 38/F AR, BA +++ +++ ++ 0.613 0.516 0.489
12 18/F AR ++ ++ ++ 0.689 0.515 0.556
13 23/F AR ++ ++ ++ 0.613 0.408 0.458
14 29/M AR ++ ++ ++ 0.484 0.412 0.434
15 18/M AR ++ + + 0.402 0.345 0.356
16 23/M AR +++ ++ ++ 0.718 0.476 0.51
17 18/F AR, BA ++ ++ ++ 0.563 0.453 0.467
C1 31/F - - - 0.101 0.098 0.089
c2 27/F + - - 0.112 0.109 0.097
C3 39/F - - - 0.123 0.115 0.118
Cc4 30/M - - - 0.086 0.056 0.065
C5 21/M - - - 0.073 0.078 0.065

2 AR, allergenic rhinitis; BA, bronchial asthma.
b+, mild reactivity; ++, equivalent to histamine release; +++, more than histamine release.

CRUDE p<0.001) and IL-5 (120-350 pg/mR =0.987 andy <0.001).

80 OnasT Levels of IFN-y were, however, low (20-50 pg/ml) for both
870 Brast rGST and nGST at 1Qg protein and minimal secretion was
%E 60 observed at fug. The control subjects showed non-detectable
® 50 levels of IL-4 and IL-5. IFNy level was similar for patient and
2 40 : control (R =0.898 angh < 0.001).

§ 0
B 20
< iR
R 10 | HE d 1 i o 3. Discussion
0 H H H H H = = = 1= = - = =] = E =
1 2345678 91011121314151617C1C2C3C4C

No. of Patients Last decade has seen an unprecedented increase in popula-

ion suffering from aller n hm man I, 2

Fig. 3. Histamine release assay. Heparinized blood of patiest$7) or healthy tion su 'ti . gfro dade gy aL d astt é:l('ap fa het al, ?hoo
controls (C1-C5) was challenged with 5 ng of crude extrile},(rGST @rest _even wi . iImproved drugs. - ong-ierm use O pharmaco eral?y
) or nGST (J). Histamine release was measured by ELISA and calculated anduces tissue damage and immunotherapy is the only alternative
percentage release from the standard dose response curve. S.E.s (bars) is retbeprevent tissue damage by changing the immune status of the
sented. individuals. Recently recombinant allergens have been derived

_ ~ from various sources such as tree pollen, molds, foods, pet dan-
normal controls £ =5) demonstrated less than 6% histamineders, etc. Chapman et al., 2000These need to be evaluated

release. with native protein(s) for clinical use. The present study demon-
strates that rGST, a major cross-reactive allergen, has similar

2.3.8. rGST and nGST induces PBMC proliferation on properties when compared with native GST framulternara.

antigen stimulation Alternaria GST showed a conserved domain at 25-147 aa, a

A dose-dependent proliferation of PBMCAnalternata sen-  characteristic of GST superfamily proteindd¢Goldrick et al.,
sitized patients was observed with higher stimulation at 10 tha2005. Homology studies showed <30% similarity with other
19 (R=0.836 ang <0.001, data not shown). fungal GSTs suggesting that it belongs to novel class of GST.

Fig. 4shows IL-4, IL-5 and IFNy levels in supernatant with It also showed >10% similarity with other known GST from
rGST or nGST. PBMC challenged withudy rGST or nGST or  allergenic sources such Bsgermanica andD. pteronyssis. CD
Alternaria extract demonstrated secretion of IL-4 (60—80 pg/ml)spectra and melting temperature of rGST and nGST differed
and IL-5 (50-60 pg/ml) but at 3j0g proteins relatively higher slightly, which may be due to differential folding or the reduc-
secretion was observed for IL-4 (130-500 pg/R¥;0.949 and  tion of cysteine present at C-terminus. Native and recombinant
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m Crude al., 2003, Blot t 11 (Ramos et al., 2003and Bet v 1 Ferreira
600 kbl etal., 1993 induced identical histamine release and T-cell pro-
500 liferation with native and recombinant proteins.

400 E. coli expressed recombinant proteins tend to form insoluble

ggg aggregates thereby denaturing the protein and during renatura-
68 mmmﬂm mm mm tion bulk proteinis lost¥entura, 200% rGST is a soluble protein
o MLLIET 1T AT s e, and could bind directly to the glutathione for purification indicat-
1 2 3 456 7 8 91011121314151617C1C2C3C4C5 . .
) ing protein has folded as per the natural form. Further, the ease
Patient no. e . . . .
of purification may have advantage for using GST in clinical
;fé“s?re settings.
600 OnGST Physio-chemical, biochemical and immunological property
of rGST was similar to nGST, a major cross-reactive allergen.
However, recombinant Pp 5 and Bet v 1 Elicker et al., 2000;
Pauli et al., 200pdiffered in the IgE reactivity and biological
activity (basophil histamine release/cytokine secretion) with its
native counterpart. Three-dimensional structural analysis and
identification of epitopes of rGST will further delineate the
molecular interaction with IgE/T-cells which can be modulated
m Crude for synthesis of hypoallergenic variants.
600 = rGST . . . . L.
OnGsT In conclusion, rGST is biologically potent and a clinically
500 . .
relevant major allergen frovh alternata. Earlier we have shown
itto be a cross-reactive allergen among differentallergenic fungi.
The cross-reactive nature of GST can be exploited clinically for
the diagnosis and therapy of fungal allergy.
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2

IL-5 Conc.(in pg)
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G
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