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Si è tenuto nell’Aula Bottazzi di Via Roma ad Avellino lunedì 28 settembre il Convegno conclusivo 

“Progetto Semola GF” per la presentazione del progetto di Ricerca che ha portato alla realizzazione 

di semola di grano duro di filiera campana privo di glutine. 

Un progetto di ricerca innovativo, che consiste in un trattamento enzimatico “food grade” 

effettuabile direttamente sulle farine o semole di grano in grado di mascherare le sequenze  tossiche 

del glutine attraverso la formazione di nuovi legami con amminoacidi. Trattando le farine con un 

enzima  (transglutaminasi microbica), già largamente impiegato nell’industria alimentare, e in 

presenza di esteri alchilici dell’amminoacido lisina, il glutine non viene più  riconosciuto dai 

linfociti “T” presenti nell’intestino responsabili  dell’infiammazione e del danno intestinale nei 

celiaci. Realizzato in collaborazione con l’Istituto di Scienze dell’Alimentazione del Centro 

Nazionale delle Ricerche di Avellino e finanziato dalla Regione Campania, il progetto ha visto la 

collaborazione e il lavoro attivo di numerosi professionisti ed esperti del settore tra cui Mauro 

Rossi, responsabile del CNR di Avellino e la collaborazione attiva dell’Ospedale Umberto I di 

Roma per la fase di sperimentazione. 

Importanti risultati sono stati ottenuti nel corso della ricerca, avendo messo in evidenza la 

possibilità di creare prodotti finiti con farina di frumento trattata enzimaticamente in modo tale da 

detossificarla pur lasciando invariate le caratteristiche organolettiche della farina. Si traccia una 

nuova strada quindi, per il settore dell’alimentazione per celiaci e intolleranti al glutine, aprendola a 

farine naturalmente contenenti glutine detossificate, prima considerate off limits. 

Il progetto nasce dall’incontro tra un imprenditore irpino che da trent’anni investe in innovazione, 

Antonio Lo Conte, a capo dell’omonimo gruppo industriale, presente sul mercato con i marchi Le 

Farine Magiche, Decorì e Molino Vigevano, e un gruppo di ricercatori, chimici e immunologi, 

dell’Istituto di Scienze dell’Alimentazione del CNR di Avellino (Isa-Cnr) guidati dal dottor Mauro 

Rossi, e rappresenta un esempio virtuoso di collaborazione pubblico-privato. 

Durante il Convegno  Antonio Lo Conte e Mauro Rossi hanno presentato il progetto, mentre 

l’analisi dei risultati è stata lasciata ad un team di esperti del CRA di Roma, dell’Università La 

Sapienza e dell’ISA CNR di Avellino. 
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Transamidated gliadin stimulates intestinal IL-10  in vitro in untreated 
CD patients.
Luongo D, Rotondi Aufiero V, Iaquinto G*, Mazzarella G, Rossi M.
Institute of Food Sciences, National Research Council, Avellino, Italy; and *Gastroenterology Department, San G. Moscati Hospital, 
Avellino, Italy

Background and Aims
A major hallmark of celiac disease (CD) is inappropriate intestinal T cell activation in DQ2 and DQ8 patients triggered by peptides from wheat gluten and related prolamins
from barley and rye. Moreover, tTGase plays a crucial role in CD immune-mediated pathogenesis (1-2). A strategy for preventing tTGase activity on gliadins could be
instrumental in blocking the pathogenic mechanisms that occur in CD. Interestingly, mTGase exhibit the same site specificity as tTGase but lacks deamidase activity. We have
shown that transamidation of gliadin following the treatment of wheat flour with mTGase caused a dramatic down-regulation in IFN-g production in vitro in the intestinal T
cells of CD patients (3). Herein, the effects of transamidated gliadin (spf) on the ongoing inflammatory response were tested in cultured intestinal specimens derived from
untreated CD patients.

Materials and Methods
Purification of protein fractions
The gliadin fraction was extracted from the protein pellet using a modified Osborne procedure. Proteins were assessed quantitatively by Bradford analysis and qualitatively analyzed by 8–16%
denaturing SDS-PAGE and Coomassie R-250 blue staining. The transamidation reaction was quantitatively monitored using a modified ninhydrin assay. K-C2H5 was used as a standard to estimate a
linear relationship between the absorbance and the α-amino N content, and the results were expressed as nmoles α-amino N/mg protein.

Preparation of pt digest of gliadins
pt digest of gliadins purified from untreated or transamidated wheat flour were prepared by suspending gliadin samples (100 mg) in 0.1 N HCl (2 ml), pH 1.8, and incubating with 2 mg pepsin
(Sigma Chemical, St. Louis, MO, USA; specific activity: 3260 U/mg) for 4 h at 37°C with shaking. The pH was then adjusted to 7.8, followed by a 4-h incubation with 2 mg trypsin (Sigma Chemical;
specific activity: 10,600 U/mg). The enzyme reaction was stopped by incubating in boiling water for 10 min. Samples were freeze-dried and stored at −20°C.

Patients and organ culture analysis
Ten untreated DQ2+ CD patients (age range 12–51 years; median age, 24 years) were enrolled in this study (Table 1) by the Gastroenterology Department of S.G. Moscati Hospital. Ethics review
board approval was obtained in advance. Informed consent was obtained for each participating subject. Biopsies from the distal duodenum were obtained during an upper-gastrointestinal
endoscopy. Two specimens were used for histology, and the other specimens were cultured for 8 h with 1 mg/ml of pt-gliadin or pt-transamidated gliadin and finally stored in liquid nitrogen for
RNA analysis. Histology was performed using a modified Oberhuber-Marsh classification of the intestinal mucosal lesion. CD was diagnosed using a combination of clinical signs, sierology and
characteristic CD histology.

Cytokine analysis
For cytokine transcript analysis, total RNA was extracted from intestinal biopsies using TRIzol reagent, according to the manufacturer's instructions (Invitrogen-Life Technologies). RNA was
quantified by fluorometry using the RiboGreen reagent (Invitrogen-Life Technologies). cDNA was prepared from 1 μg total RNA by reverse transcription with MMLV RT (Invitrogen-Life
Technologies) and the oligo-(dT)12–18 primer at 42°C for 60 min. Real-time PCR was performed on the iCycler iQ (Bio-Rad Laboratories, Hercules, CA, USA) The amplification mixture contained iQ
SYBR Green Supermix (Bio-Rad Laboratories), 0.2 μM each primer and cDNA. The following PCR reaction conditions were used for 39 cycles: 95°C for 30 s, 56.4°C for 30 s, and 72°C for 40 s. The
relative gene expression levels were calculated using the ΔΔ comparative threshold method and presented as the fold-change in gene expression after normalization to the L-32 housekeeping
gene. For analysis of the samples, the following primer sequences were used: L-32, forward 5′-CCTCAGCCCCTTGAAGC-3′, reverse 5′-GCCCTTGAATCTTCTACGAACC-3′; IFNγ, forward 5′-
TCAGCTCTGCATCGTTTTGG-3′, reverse 5′-GTTCCATTATCCGCTACATCTGAA-3′; IL-10, forward 5’-GTGATGCCCCAAGCTGAGA–3', reverse 5’- CAC GGC CTT GCT CTT GTT TT-3’

Statistical analysis
Data of transcription levels in intestinal biopsies were evaluated by one-way ANOVA and Tukey test post hoc analysis. For all tests, P < 0.05 was selected as the level denoting a statistically

significant difference.

This project was supported by grants from ‘misura 124’’ 

Results
We tested the ability of spf, a soluble form of
fully transamidated gliadin, to influence the IL-
10 and IFNg mRNA levels in vitro in intestinal
biopsies from CD patients with overt disease
(Table 1, Marsh degree range: II-IIIc). Following
gliadin challenge, samples from five patients
(CD2, -3, -7, -8 and -10, Fig.1A, ) were found
responsive to gliadin, as assessed by IFN-g
transcript levels (arbitrary units, AU > 1). In
these samples, spf challenge induced reduced
levels of IFN-g with the exception of samples
CD3 and -10 (Fig. 1A). We found that four
patients (CD2, -5, -6, and -8, Fig.1B) also
secreted IL-10 mRNA following gliadin
challenge (AU >1), in agreement with
literature data. Interestingly, in 5 samples
(CD2, -5, -6, 8 and -9) spf induced an enhanced
transcription of IL-10 in comparison with
gliadin (Fig. 1 B).

Figure 1 IFNγ (A) and IL-10 mRNA levels (B) in intestinal biopsies from CD
patients.
Intestinal specimens from 10 CD patients with overt disease (Table 1) were
subjected to an 8-h incubation with 1 mg/ml of pt-gliadins or spf and cytokine
transcript levels were evaluated by real-time PCR. Cytokine values were normalized
to L-32 mRNA and are presented as the fold-change in gene expression (arbitrary
units). Values ≥1 are considered to indicate induction of an immune response.
Columns represent the mean values ± SD from triplicate analyses.

Table 1 Demographic and 
Morphological Data of CD Patients

Marsh degree, Oberhuber-Marsh
classification; M, male; F, female.

Conclusion
Immunological data suggested the potential of transamidated
gliadin to induce phenotypic changes of the antigen-specific T
cell response, also in the presence of an ongoing inflammatory
status induced by gluten-containing diet in CD patients.
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Aims
Celiac Disease (CD) is characterized by activation of intestinal gliadin-specific CD4+ T cells with a Th1 phenotype that plays a major role in the induction of enteropathy (1).  
HLA-DQ8-transgenic mice (DQ8) have widely been used to dissect the mechanisms underlying CD pathogenesis. In this model, we analysed the residual toxicity and 
immune response of an enzymatically modified (transamidated) gliadin (spf).

Materials and Methods
Transamidation reaction of wheat flour
A commercial preparation of bread wheat flour was used. A total of 100 g flour was suspended in 8 vol 0.4 M NaCl and stirred for 10 min to extract albumin/globulins. The flour suspension was
then centrifuged at 1000 g for 10 min, and the supernatant was discarded. The recovered pellet was washed exhaustively with water to eliminate any residual soluble protein, suspended in 1 vol
water containing 20 mM pharmaceutical-grade K-C2H5 (NutraBio.com, Middlesex, NJ, USA) and 8 U/g flour mTGase, and incubated for 2 h at 30°C.
The suspension was centrifuged at 3000 g for 10 min, and the supernatant was recovered. In the two-step process, the pellet was suspended again in 1 vol water containing a final concentration
of 20 mM K-C2H5 and fresh mTGase (8 U/g flour) and incubated for 3 h at 30°C. For the control, the sample was prepared using the same protocol in the absence of mTGase.

Statistical Analysis
Differences among the various treatment groups in the morphology data, caspase 3 activity and TNFa levels were evaluated by one-way ANOVA and Tukey test post hoc analysis. (Graphpad 6) .
For all tests, P < 0.05 was considered as statistically different.

Results
Gliadin-specific CD4+ T cells from immunized mice were unable to

produce IFN-g when stimulated with spf-pulsed DCs (A) .

Gliadin-pulsed DCs induced a significant increase of IL-10 secretion in

spf-specific CD4+ T cells (B).

Conclusions
Immunological data suggested that phenotypic changes in both innate immunity and gliadin-specific T cell response occurred as
a consequence of the transamidation, although intrinsic cytotoxicity of gliadin appeared unaltered.

Transamidation of gliadin mediates reversal of the antigen-specific 
immune phenotype in DQ8 tg mice.

Luongo D, Bonavita R, Rotondi Aufiero V, Maurano F, Bergamo P, Mazzarella G, Rossi M.
Institute of Food Sciences, National Research Council, Avellino, Italy.
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DC:CD4+T cell ratio

RESULTS:    
Both gliadin and spf induced morphological damage in treated mice.

At the end of the treatment, mice were sacrificed and small intestine fragments were
collected for morphometric evaluation (Figure 2), caspase 3 activity and TNF-a
mRNA analysis. (Figure 3)

Figure 2

Figure 3

Figure 1

EXPERIMENT 1
Mice treatment with untreated or spf gliadin .
Two groups (n = 6 each) of DQ8 mice (6-12-week-old) were orally treated with indomethacin plus
spf or gliadin (500 mg) on days 0, 3, 5, and 7. Indomethacin was given in the drinking water
(1.5mg/100ml) for 10 days. A final group (n=5) treated with albumin/globulin (alb/glob) was used
as control (Figure 1).

EXPERIMENT 2
Mice treatment with untreated or spf gliadin .
Two groups (n = 6 each) of DQ8 mice (6-12-week-old) were systemically immunized with
spf/gliadin emulsified with Freund Complete/Incomplete Adjuvant on days 0, 7, 14. On day
21 mice were sacrificed. Two untreated animals were used as control.
Upon the sacrifice, CD4+ T cells were purified from the spleens and challenged (for 72 h)
with increasing number of antigen pulsed-DCs. At the end of the incubation the

concentration of released IFNg and IL-10 were measured by ELISA (Figure 4).

Immunogen: gliadin

0:1 0.25:1 0.5:1 0:1 0.25:1 0.5:1

Immunogen: spf

Figure 4

A

B

Results
Apoptosis and TNF-a transcript levels are  increased by gliadin but 
not by spf.

Reference
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Nrf2 activation prevents pro-oxidant signs in a mouse model of 
gliadin-induced enteropathy

Paolo Bergamo, Ennio Cocca*, Francesco Maurano, Diomira Luongo, Mauro Rossi
Institute of Food Sciences, National Research Council, Avellino, Italy.  * Institute of Biosciences and Bioresources, National Research Council, Naples, Italy.

Background & Aims.
Conjugated Linoleic Acid (CLA) is the collective name indicating the equimolar mixture of cis9,trans11 (c9) and trans10,cis12 (t10) isomers .
The protective effect elicited by dietary CLA supplementation against the gliadin-induced toxicity on intestinal cyto-protective mechanisms
(nuclear factor erythroid 2-related factor2, Nrf2) was evidenced in HLA-DQ8-transgenic mice (DQ8)1. The aim of the present study was to

investigate the ability of individual CLA isomer to improve Nrf2-mediated defences in a model of gluten-induced enteropathy2.

Conclusions
Nrf2-mediated antioxidant/detoxifying defences are activated by supplementation only with c9 isomer and that c9 dosing has preventive
effects against the pro-oxidant and cytotoxic signs of gliadin-induced enteropathy.

Experiment 2.
Anti-oxidant and anti-apoptotic effects of c9 CLA were investigated in a mouse model of gliadin-induced enteropathy.
Two mice groups (n=6 each) were intra-gastrically administered 500 μg wheat albumin/globulin (AI) or gliadin (GI) and received indomethacin in drinking water (1.5 mg/100
mL). Two additional groups (n=6 each) were pre-treated with c9 before GI or AI administration (c9 AI or c9 GI, respectively). At the end of the treatment, animals were
sacrificed and cytoprotective effects were evaluated in small intestine by measuring the alteration of Nrf2-mediated defences by using enzymatic and mRNA levels. Caspase 3
activity was measured to determine the anti-apoptotic ability of c9 pre-treatment.

Results
Animal pre-treatment with c9 prevents pro-oxidant and pro-apoptotic effects triggered by GI.
The marked decline of intestinal antioxidant/detoxifying enzymes (NQO1, GSR) activity (PANEL A) and GCL mRNA levels (PANEL B) was associated to GI (P <
0.05) but not to AI intake. GI-induced alterations were blunted by c9 pre-treatment (P < 0.01) (PANELS A, B). The rise of caspase 3 activity in GI, as compared
to AI-treated animals, was inhibited by c9 pre-treatment. (PANEL C).
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Experiment 1.
The effects of individual CLA isomers (c9 or t10 group) on intestinal cytoprotections (Nrf2) were
investigated. Two animal groups (n=6 each) were supplemented with c9 or t10 (520 mg kg/bw/day)
for two weeks (c9/t10). A final group (n=6) of untreated animals was used as control (EXP 1). At the
end of the experimental period the activity of several phase II enzymes (Glutathione reductase, GSR;
Glutathione transferase, GST, NAD(P)H:quinone oxidoreductase NQO1; gamma glutamylcysteine
synthase, GCL) and GCL and GST mRNA levels were measured in the duodenum of DQ8 mice.

Results
Nrf2-mediated cyto-protections are significantly increased by c9, but not
by t10, supplementation.
A small, but significant, increase of GST, GSR and NQO1 activity (as
compared to controls) was found in the c9-treated mice (PANEL A)
Moreover, c9 administration increased the mRNA levels of GST but not of
GCL, as compared to control or t10-treated animals (PANEL B).
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Introduzione
La celiachia è una patologia complessa, causata da fattori ereditari e ambientali. La sostanza che provoca danno è il glutine, una proteina che si trova in alcuni 

cereali. Il glutine è costituito da due classi proteiche, le glutenine  e le prolammine (chiamate gliadine nel grano). Le gliadine e le glutenine costituiscono circa l'80% 

dell'intera frazione proteica presente nella cariosside di frumento nella quale ritroviamo altre due classi di proteine solubili in acqua (al contrario delle precedenti): le 

albumine (9%) e le globuline (5-7%). La transglutaminasi tissutale (tTGasi) è in grado di catalizzare nel celiaco la deamidazione di residui di glutammina inducendo 

l’abnorme risposta infiammatoria.

La metodologia messa a punto recentemente (1,2) consiste nel co-trattamento della farina con una TGasi microbica (mTGasi) commerciale in presenza di un

amminoacido modificato K-CH3 che viene legato alle glutammine dalla mTGasi, consentendo di annullare completamente il potenziale immunostimolatorio del

glutine

Fig.3

Immagine al Microscopio Confocale:

Streptomyces mobaraensis. Passaggio di fase

da micelio 1 a micelio 2, fase in cui viene

prodotta la transglutaminasi.

Conclusioni
Il mezzo migliore, con una concentrazione di 0.1 M di MgCl2 ha permesso di ottenere fino a 2,62 U / ml a 120 h. È stato osservato un effetto significativo del MgCl2
sulla produzione di mTG. I risultati hanno inoltre mostrato che  è possibile utilizzare un mezzo di natura vegetale per la produzione di mTG , ottenendo in questo 

modo un’elevata attività mTG in un semplice mezzo naturale.
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Formulazione di un mezzo low-cost per la over-produzione di 

transglutaminasi microbica  da  Streptomyces mobaraensis
Lucia Treppiccione1, Angel Manteca2, Felipe Lombo2, Antonio Ottombrino1, Mauro Rossi1. 

1. Istituto di Scienze dell’Alimentazione ISA-CNR  2.   Universidad de Oviedo, Facultad de Medicina Dpto de Biologia Funcional, Area de Microbiología

Fig. 5

Produzione di mTG: Saggio di produzione di mTg con diversi

mezzi di coltura costituiti da diversi componenti animali e

vegetali, sali e 0,1 M di MgCl2.
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Scopo del lavoro
Messa a punto di un protocollo per la produzione di una

mTGasi food-grade da Streptomyces mobaraensis

(DSM40847) in vista di una suo utilizzo in scala

industriale(3,4)

Fig. 7

Scale-up su un impianto di fermentazione pilota B.Braun di

capacità nominale 18 litri, sterilizzabile in situ. Parametri di

crescita: Temperatura 30 C, Velocità di agitazione 200 rpm,

pH=7 ( aggiustato dinamicamente a mezzo pH-Stat)

Fig. 2

Colture di Streptomyces

mobaraensis

Fig. 1

Scopo dello studio è l’aumento della

produzione di mTG nell’ottica di una

produzione economica industriale.

Fig. 6

Transamidazione su farina

Inizialmente, la produzione è stata studiata

confrontando 2 mezzi di coltura: Mezzo

ricco, Mezzo ricco con supplemento di MgCl2
(fig.3).

Sulla base dei primi risultati sono state

effettuate delle modifiche sul mezzo migliore

sostituendo ai componenti nutritivi additivi di

origine animale e/o vegetale (3).

Tutti i mezzi sono stati integrati con sostanze

nutritive e induttori di produzione mTG (4).

L’attività della transglutaminasi è stata

valutata ogni 24 ore attraverso un saggio

colorimetrico ed un saggio di efficacia

tecnologica su farina.

Materiali e Metodi

Risultati

Fig. 4

Messa a punto dei livelli di MgCl2 per incrementare la 

produzione di mTGasi. 
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Decremento dell’insolubilità del glutine prodotta alla reazione enzimatica 

mediante incubazione con supernatante colturale (SUP).
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