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Abstract

The increased incidence of allergies to cow’s milateins (CMP) in newborns enhanced the produation
infant formula based on either soy proteins and/or hydrolysateSMi#P. Thesdormula, although having a
good nutritional value, can be affected by the gmes of peptides with a size stimulating the imniogical
response in predisposed subjects and/or an unple@aste for the infant consumers. Recent clinitatlies
indicated that patients with CMP allergy and alatolerant to thesdormula, showed a high tolerance
towards the donkey milk, due to its greater quatitié similarities to human milk than cow’s milk.
Specifically, although the mechanism of this tofee has not yet been clarified, it is reasonable to
hypothesize that the reduced allergenic propedietonkey milk can be related to structural diffeves of
its protein components with respect to cow’'s milk.

At present, compared with cow’s milk, the chardetgion of donkey milk proteins (whey proteins and
mainly caseins) is at a relatively early stage obgpess, and only limited data are related to their
heterogeneity. In this PhD thesis the complexityd aspecifically the qualitative and quantitative
heterogeneity of donkey milk proteins of 77 animedared in Italy was investigated using a proteomic
approach. This analytical procedure for structaralysis of protein fractions is based on the coation of
highly efficient separation techniques, such as-dimensional electrophoretic techniques (PAGE pé6i 8.
UTLIEF, PAGE-SDS) or, more efficiently, the two démsional (2-DE) electrophoresis, coupled either to
Coomassie Brilliant Blue staining or immunospecsftaining with polyclonal antibodies, to chromatagjny
analysis (RP-HPLC), interfaced to structural Maged®ometry analysis (LC/ESI/MS, MALDI/TOF/MS,
ESI g-TOF/MS).

For donkey caseins, these combined methodologlesied the contemporary identification of the four
casein fractionso(s;-, 05, B- andk-CN) in donkey milk together with their related éetgeneity due to post-
translational phenomena such as the different glwsfation degree of the caseing £, as-, B-CN) and the
high glycosylation level ok-CN, incorrect splicing of primary transcript in idR (non allelic deleted forms
of ag-, Osr, B-CN) and genetic polymorphism afs;- and -CN (one or more variants in individual
samples). At this regard, for the first time th@mary structure of a news;-CN variant was determined, as
well as and the amino acid sequences of three maetig variants op-CN (B, C, D) were characterized,
using the known commomg;- andf3-CN phenotype from donkey as reference, respegtivel

From a quantitative analysig;CN was always present in all analyzed donkey rsdkples, as in human
milk, representing the most abundant casein fraciidowed byas-CN complex. Theng-CN showed an
high variability in its expression level (0.2-2 @/Ilconfirming a quantitative polymorphism at thisus as in
goat milk. The minor expression of;;-CN together with the absence af,CN in some donkey milk
samples, as in the human milk, confirms the contipwsil similarity of two milks and represent a stific
basis for donkey milk’s use in nutrition of infamtdth CMP allergy.

The screening carried out on the individual whegtgin samples by the proteomic approach revealed a
monomorphism either fan-La (A) and for3-Lg | (B). B-Lg Il was instead polymorphic, for the occurrence
of four variants (A, B, C, D) already known in li&ture and for the identification of a new vari&@ntThe
primary structure of-Lg Il E was determined and differs frofaLg Il D for D Asp?/E Asrf, D Arg*¥/E
Lys'8, D VaPE Ala®® amino acid substitutions with a,M8256 Da. Moreover a quantitative polymorphism
seemed to affect the donk@yLg Il locus since different phenotypes, with a relative quatitie percentage
respect to total whey protein ranging from 0% 8436, were detected by RP-HPLC. This quali-quatiéat
polymorphism at donke§-Lg Il locus seems to affect donkey milk composition and thessfiis allergenic
properties. Moreover, the achieved results alsbligigted that all examined samples have a highzlyse
content 02 g/L) which together with lactoferrin is importainom an immunological point of view and for
the shelf life of the milk.

Finally, the donkey milk samples were shown to bergn the total proteins (1.48%) as human milkd an
specifically they were characterized by a loweretasontent (35-40%) with allergenic properties and
higher whey protein content (50-60%) with biolodieativities, compared to bovine milk, with a CN/WP
ratio <1. However, in analyzed donkey milk sampé#es,ndividual variability either of each caseinvaney
protein amounts suggests further studies in tmexcton aimed at a selection of animals producitill mith

a composition “qualitatively and quantitatively” neosimilar to human milk, and “functionalized” fmfant
feeding.



Abstract

L’incremento di allergie nei confronti delle prateidel latte vaccino (PLV) nei neonati ha increratmia
produzione di formulati per I'infanzia basati esdatmente sulle proteine della soia e idrolizzateasivi in
PLV. Queste formule, pur avendo un buon valoreiziotiale, possono contenere peptidi in grado diiirel
una risposta immunitaria nei soggetti predispoAti &ere gusto sgradevole per il piccolo consureator
Recenti studi clinici hanno mostrato che pazieltgrgici alle PLV e refrattari anche a questi folaty sono

in grado di tollerare il latte di asina per la stanposizione quantitativa piu simile al latte umaoiattosto
che al latte vaccino. Specificamente, sebbene guastcanismo di tolleranza non & chiaro, & ragioleev
ipotizzare che le ridotte proprieta allergeniche ldéte di asina possono essere correlate allerdifize
strutturali dei suoi componenti proteici rispettqueelli del latte di vacca.

Ad oggi, rispetto al latte di vacca, la carattesizibne delle proteine asinine (sieroproteine e attyto
caseine) & ancora agli stadi iniziali, con pochi dasponibili a causa soprattutto della loro etgoeita. In
questa tesi di dottorato, la complessita e speaifiente I'eterogeneitd quali-quantitativa delle gira¢ del
latte di asina prodotto da 77 animali allevatitalih & stata investigata mediante un approcciteprico.
Questa metodologia analitica per I'analisi strgterdelle frazioni proteiche € basata sulla con#ioree di
tecniche di separazione altamente efficienti, ctertecniche elettroforetiche mono-dimensionali (FFAgH
8.6, UTLIEF, PAGE-SDS), o piu efficientemente, dtttoforesi bidimensionale (2-DE), con la doppia
colorazione al Blue Coomassie e con anticorpi pmiili specifici, all’analisi cromatografica (RP-HE),
interfacciata all'analisi di Spettrometria di Mags&/ESI/MS, MALDI/TOF/MS, ESI g-TOF/MS).

Per le caseine asinine, la combinazione di questeiche ha permesso la contemporanea identificazion
delle quattro frazioni caseiniche(-, asr, f- andk-CN) nel latte di asina assieme alla loro eterogane
compositiva dovuta ai processi post-traduzionateadl differente grado di fosforilazione delle cage(0s;-,
Osr, B-CN) e l'alto livello di glicosilazione dell&-CN, incorreto splicing del trascritto primario iInRNA
(forme delete non alleliche deil;-, asr, B-CN) e polimorfismo genetico dells- e B-CN (una o piu
varianti nei latti individuali). A tal riguardo, péa prima volta € stata determinata la strutturengria di una
nuova variante dellis;-CN, cosi come sono state caratterizzate le sequanznoacidiche di tre nuove
varianti di -CN (B, C, D) utilizzando i comuni noti fenotipi di;- e 3-CN di asina, come riferimento.

Da un punto di vista quantitativo, [xCN & sempre stata presente in tutti i campioniatte di asina
analizzati, come nel latte umano, rappresentandbeata frazione caseinica piu abbondante, seguaita d
complessoasCN. L'as;-CN ha mostrato un’elevata variabilita nel livelth espressione (0.2-2 g/L),
confermando il polimorfismo quantitativo a tateus, come nel latte di capra. Il minor livello di espsione
dell'os-CN, insieme all’assenza dell,-CN in alcuni campioni di latte di asina, come fate umano,
conferma la similarita compositiva dei due latteappresenta una base scientifica per I'utilizzold#e di
asina nell'alimentazione di bambini con allergike &LV.

Lo screening effettuato sui campioni individuali sieroproteine mediante I'approccio proteomico, ha
mostrato un monomorfismo sia p&fLa (A) che per Ig3-Lg | (B). LaB-Lg Il € risultata invece polimorfa,
per l'identificazione delle quattro varianti (A, B, D) gia note in letteratura e di una nuova vaeaeE. La
struttura primaria dell@-Lg Il E (M,18256 D) ¢ stata determinata e differisce dallay Il D per le seguenti
sostituzioni aminoacidiche: D A8 Asrf, D Arg"E Lys'®, D Va/E Ala®. Inoltre un polimorfismo
quantitativo sembra condizionareldcus della 3-Lg Il in quanto differenti fenotipi, con una penteale
quantitativa relativa rispetto alle sieroproteintali compresa tra 0 e 3.34%, sono stati identificeediante
RP-HPLC. Questo polimorfismo quali-quantitativo Bdcus della B-Lg Il sembra condizionare la
composizione del latte di asina e percio, le soppeta allergeniche. Inoltre i risultati ottenbinno anche
evidenziato che tutti i campioni analizzati mostram alto contenuto di lisozimal@ g/L) che assieme alla
lattoferrina & importante da un punto di vista inmolegico e per la shelf life del latte.

Infine, i campioni di latte di asina hanno mostratome il latte umano, un basso contenuto di pretéstal
(1.48%). Specificamente, essi sono stati caraftatizda un piu basso contenuto (35-40%) di caseine
allergeniche e un piu alto contenuto di sieropretdb0-60%) con attivita biologiche, mostrando apporto
CN/SP <1. Comunque, nei campioni analizzati, unvaie variabilita nelle quantita di ciascuna casena
sieroproteina, suggerisce futuri studi in questazibne, finalizzati a una selezione di animaliduitori di
un latte con una composizione “ qualitativa e qiiatita” pitu simile al latte umano, e “funzionalen” per
I'alimentazione pediatrica.



0 Preface

The production and wider use of donkey milk suggéise potential economic value of donkey breeding,
providing an economic justification for breedingntey and preserving their natural environment, hjost
represented by marginal and hilly areas, helpingpitotect certain donkey breeds from extinction in
industriazed countries.

Donkey milk, having an organoleptic and composaiooharacteristics very similar to human milk, may
become an important food in the feeding of infamith cow’s milk protein allergy, frequently refracy to
other treatments, also allowing the developmerat obrmal and complete immune system in the newborn.
addition to its use for infants, some research€esrpccio et al., 2000a; Monti et al., 2007) hagported
that donkey milk has an effect on the osteogenpsisess, as well as in arteriosclerosis therapy, fo
rehabilitation of patients with coronary heart dise or premature senescence, and in hypocholestecol
diets.

Today, the production of donkey milk has also aoneenic interest, not only for human consumptiort, bu
also in the pharmaceutical and cosmetic industigs in rehabilitation of patients with psycho-plogsi
deficits (Vita et al., 2007; Tesse et al., 2009).

So, the biological and nutritional value of donkmilk urges a deep knowledge of this milk which ebbke
used as a breast milk substitute and as a newtidibtefood.

In this context, since the knowledge about the genmofiles of donkey “proteome” (caseins and whey
proteins) of animals reared in Italy is very scareg well as there are few experimental evidenédbeo
expression level of each individual milk proteitise present research was aimed to filling this gag to
relating it to the milk nutritional quality by a@eomic approach.

A classic proteomic approach provides, after thigaekion of proteins from a food, the separatiorthedf
protein mixture (e.g. by electrophoresis or chragedphy) and identification of proteins combining
techniques of classical biochemistry (immunospecifitaining, enzymatic hydrolysis) to the mass
spectrometry methods, followed by bioinformatic lgas of the data.

However, the proteome is the set of proteins esaai a cell, in a tissue and therefore in anrosga. The
science which allows the depth study of the protasncalled the “proteomics”. This science allows t
study of the proteins both in the forms just traited by the genes and in the isoforms (due tarsdtere
splicing) or post-translational modifications whitay occur in the cell after transcription (aftemislation).
The study of the isoforms or any post-translationaddifications allows the comprehension of the
interaction’s mechanisms between the proteins;eth@gechanisms enable the activity and function of
proteins. So, the proteomics is a science whiclkssée investigate and determine the identity, citsnt
structure and bio-chemical and cellular functiorfsatl proteins of a tissue, cellular or sub-celtula
compartment, describing how these properties arbla in time, in space and in certain physiolagic
states.

All the information obtained from the proteomic dies, correlated with those obtained in the geneme’
study, could help to establish the actual rolehefpiroteins, as well as the relationship betweentype and
phenotype.
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1 STATE OF THE ART

1.1 The history of donkey’s milk through the centures

The domestic equid species (horse and donkey) detonthe taxonomic order Perissodactyla, family
Equidae, genus Equus, specie asinus. The domestiey could derive from African widcat donkey which
still lives along northern and eastern coasts afcAf Syria, Persia, Tibet and Mongolia. The donkeas
domesticated for the first time, at the end of Mbil period in ancient Egypt, in the Nile vallegnd later in
Europe, in southern Italy (Bonadonna, 1976). Thekdy has always been a cult object in East counénmesl

in Africa, and it has always been used for work,tfee production of mule, meat (fresh and sausaged)
milk (also used for the production of fermentedobldlic beverages as koumiss). Today the donketilis s
used for trekking but also for rehabilitation ofalbled people (onotherapy). At this regard, thekeprstill
occupies a large place in folklore, art and literatof European and extra-European countries.

Since Erodoto (V century BC), the donkey was kndamutritional and beneficial properties of itslkniin
fact, the curative recipes based on donkey’'s milkd apread by Plinio were very famous, as well as
Cleopatra, Egypt queen, kept her youth and bealutheoskin immersing herself in donkey’s milk; tees
healthy benefits required a herd of about 700 dgrdeery day. The Romans also used donkey’s milk
because of the great healing powers; Poppea, Nernaife, used this precious liquid in order to pres the
splendour and the elasticity of the skin; even Misa, Rome Empress, cured her face with masks made
bread soaked in donkey’s milk (Salimei et al., 189%ndena, 2007).

It is in Renaissance, that was the first scientifimsideration of the donkey’s milk, by the kingFrance,
Francis |, which exhausted by wars and excesses, tiss milk against stress and physical fatignethe
nineteenth century, in the European countries,ai$ wasy to find merchants who carried the donkElys.
elegant society of that period regularly consunied precious drink, while poor families reserved thre
elixir only to stick children and to the weak amed elderly. During this same period, donkey’skiikegan

to be used for breastfeeding; the donkey lendfitseturse infants that are submitted directlytte breast. In
fact, also in France in the nineteenth century,Rarrrot of Hospital des Enfants Assistes spreagbithetice

of bringing babies motherless directly to the dordkaipple (Bullettin de I’Académie de médicine,813.

The donkey’s milk was then sold until the twentiedntury to feed orphaned infants and to cure diic
children, the sick and the elderly. For this readanitaly, Belgium, Germany, Switzerland many dewnk
farm born. Today there is a renewed interest tosvetrd donkey’s milk because of its peculiar chadstics

of composition (The story of donkey’s milk throutfie centuries in www.eurolactis.com).

However, asinine breeds-populations are few and lemwariability not very accentuated, except far th
morpho-functional characteristics, such as heigat in some breeds, is equal to 160 cm and in difesyds
reduced less than one meter (Balasini, 1990). Bngad mostly present in the countries of soutHeunope
(Spain, France, Italy and Balkan Peninsula) andfiica, from which this species is originated. InorBpe,
there are asinine breeds in France (Poitou donk&yain (Catalan donkey), but especially in Italyeveh
there are many breeds: Martina Franca donkey, i$ardidonkey, Romagnolo donkey, Viterbese donkey,
Asinara donkey, Armata donkey, Pantelleria donk&y Ragusan donkey (Baroncini, 1987).

In 1950, donkeys were almost one million in Itddyt their consistency has dwindled over the ye@rdy,
since 2000, a rapid ascent is started and many boeads were saved from the extinction (Paolic2il0)
(Fondiz). In fact, today, there are about 55000kédga in Italy (www.anagrafeequidi.it).

The Italian region, which has preserved the goadition of donkey is Sicily, which has the higheamber

of asinine farms (donkeys breeding) together witirukzo, Lombardia, Campania and Lazio. Generally, a
donkey farm (breeding), aimed at milk’s productimcomposed of 20/25 dams with 1 or 2 stallionse T
donkey breeds, reared for milk production, are leawnes, such as Amiata (Toscana), Martina Franca
(Puglia) and Ragusana (Sicilia) breeds. They amvshmore adequate in terms of efficacy, because the
produced milk is related to the animal’s mole (Rasdli, 2010).

In Italy, the protected asinine breeds are: Arm{@®l4 animals), Martina Franca (964 animals), Ragu
(2017 animals), Sardinian (1349 animals), Romagré&il animals), Asinara (70 animals), Pantesco (76
animals) and Viterbese (131 animals), for a totahber of about 6682 donkeys officially reportedthie
populations’ register (www.anagrafeequidi.it). letlast years, the loss of asinine genetic patrnaon the
demand of a hypoallergenic and nutritionally adeéguailk, have stimulated the interest of many farms
mainly in the inner areas of the lItaly, which haegliscovered the donkey breeding, as important for
environment and biodiversity. The preservation einime breeds is due to donkey’s reintegration in
programs of social and economic interest, suclv@stherapy, onodidactics, onotourism and onomilkk(m
production). In fact, donkey’s milk, is a naturabguct attributable to category of pharmafood/reétrdicals
useful for children and adults (Gatti, 2007).

1.2 Donkey milk production



Donkey milk production differs greatly from that obnventional dairy species, especially in termsndk
supply. The equid mammary gland has a low capduigx 2,5 L) so that milking may be carried out tevo
three hours after separation from the foal (Dord®91; Drogoul et al., 1992). Kinetics of milk ejet
shows two peaks: the first represents the emissfatine cisternal milk, while the second represehts
emission of alveolar milk (75-85%) as natural resmmto oxytocin release during milking, which iseof
insufficient for complete milk removal from the wtdof donkey. As a consequence, low fat conterdgs ar
reported for donkey milk, whereas residual milkg@amting on average for 30% of total milk extractid
the richest fraction in fat (Salimei et al., 2004Hpwever, when foals are not physically presdm,milking
routine is more manageable in terms of both hunmahamnimal safety, and for an optimal milk extraetio
(Simoni et al., 2004). Due to the small amount dkper milking and depending on the wavering consu
demand, mostly limited by local availability andkaof communication, donkeys, as mares, may nedxk to
milked many times a day (Doreau, 1991; Drogoullet1®92). In donkeys, although manual milking abul
be efficient in terms of quantity of milk extractger milking, production varies less when donkegs a
machine milked (Salimei, 2011) and the risk of emmihation, a crucial issue, can be significantigueed
compared with manual milking (Sorrentino et al.1@p

Milking routine is crucial in donkeys with regard the specific management of the dams that live thir
suckling foals until natural weaning (> 7 monthsagk). Donkeys should be milked from 20 to 90 draft
foaling, three times a day, following a strict niilg preparation and routine consisting of 3 h ptglsi
separation from foal, udder massage and teat clgafBayle-Labouré, 2007; Doreau & Martin-Rosset,
2011). In general, the presence of foal during mgkdoes not affect milk ejection in donkeys whattvays
showed a quick adaption to the milking proceduralif®i et al., 2000), which is a significant adsge
compared with horses and allows the modificatiothefmilking parlour, routine and facility.

Donkeys adapt quickly to the routine (including eddnassage, teat cleaning, approaching and ledleng
parlour) that requires about 3 min per animal (Sinet al., 2004).

However, the variability of donkey milk productiésm due to many factors, such as individual milkligbi
(individual features of breast apparatus) alsotedldo genetics (donkey breed), nutrition (typefarhge)
(donkey body condition), but also management ofagpction and milking management (Salimei & Fantuz,
2012). In donkey, the changes during lactationuidel both qualitative and quantitative aspects, thed
definition of these trends is important for the rititnal characterization of milk, as well as aggec
concerning the production process (D’Alessandr®,720Studies on donkey milk showed an highly vddab
productions between manual (466 + 260 mL) (Gud.e2807; Alabisio et al., 2009) and mechanicalkini
(772 £ 148 mL) (Salimei et al., 2004a; Simoni et 2D04; Fantuz et al., 2007; D’'Alessandro et 2009;
Giosue et al., 2008; Fantuz et al., 2010). In f8etjmei et al. (2004a) have demonstrated thatageemilk
yield per mechanical milking was about 740 mL, eiféhwas significantly higher during the seconely of
lactation (606,5 mL vs 854,3 mL), attributable te tadaption of donkeys and (operator) to mechanical
milking. However, the milk yield per machine milgins less rich in fat, being the residual milk afte
oxytocin injection about 37% of the total milk praxkd, and milk fat is the main retained milk conmgan
(Salimei et al., 2004b), consistently with the datamares (Doreu et al., 1986). Considering théexiht
milk yield obtained when donkeys were milked twiceay, in the morning and in the afternoon (Saligtei
al., 2004a), the average milk yield of the mornimgking was found to be statistically lower tharath
observed for the afternoon milking (549,2 mL vs 2481L). The observed higher milk production durthg
middle part of the day, as also reported in daigres (Dell'Orto et al., 1994), supports the hypsihef a
coadaption of the dam to the suckling rhythm artiviég pattern of the foal, although a circadiarythm for
suckling was not noted in horses.

D’Alessandro & Martemucci (2007) have investigatedthe effects of daily milking number and frequenc
on donkey milk production: the results obtainedthat study demonstrated that the highest milk yield
corresponded to three milking per day every thimgdy while daily milking regimen of 5-6 milking pday
did not increase milk production and had a negaitifieence on the health of the mammary gland. Also
Alabisio et al. (2006) have demonstrated that tighdst milk yield can be obtained with three mitkiper
day compared to two milking per day, with an ineedat content, too. Outside the milking hours, the
sucking of breast milk to foal should be insteakbvaéd, which is essential for milk secretion (Saim
2001).

Variability in milk yield could be related could lrelated also to genetic diversities and therefor¢he
breeds, even though Blasi et al. (2005) defineetieally similar Romagnola, Ragusana and MartirenEa
populations; the Authors also showed reciprocdii@rfices confirming the hypothesis formulated by dbain

& Rognoni (1997). However, the lactation, for dailynkeys, shows high individual variability, explad by
the total absence of any form of genetic selectibthe animals; starting at 30 d post partum mikdd/
constantly decreases up t8 4 5" month of lactation (Salimei et al., 2005). Thisnd is substantially
confirmed by data on Ragusana and Martina Frangalations (Alabisio et al., 2005), also showing
seasonal variation of milk yield, presumably duefdaling period and the related different availdpibf
pasture at the onset of lactation (Giosue et aD8}



In fact, the asinine species is considered a sahgmiyestrous one, but the latitude in which thenf is
located can greatly influence the reproduction €ycbnsidering a recent investigation runned instingth of
Italy, specifically in Sicily, the local latitudeetermined small photoperiod oscillations betweendifferent
seasons, and under these conditions the donkeys &asontinuous reproductive cycle, the same was
observed in sheep. In Sicily it is in fact possitdeobtain donkey milk throughout the year by addgly
planning the reproductive seasons; results showatdonkey foaling in winter and in summer produced
more milk than those foaling in the other seas@isqué et al., 2008).

However, individual variation is high in dairy dags, suggesting that the adoption of adequate temiec
programmes and reproductive management would eadsubstantial improvement in milk production, as
already experienced with dairy horses (Doreau &t\Mzri, 2006).

1.3 Gross composition of donkey milk

The composition of donkey’s milk differs considdsayom that the milk of the principal dairying spes
(cow, buffalo, goat and sheep). In comparison Wwitkine milk, donkey’s milk contains less fat, piatand
inorganic salts but more lactose, with a conceiotnatlose to that human milk (Table1.1).

Both genetic and environmental factors affect tteesg composition of milk, including the breed ofmmaal,
individuality of animals, stage of lactation, fremecy and completeness of milking, maternal agdtthead
type of feed.

The pH value, ranging from 7.14 to 7.22 (Salimealet2004a; Guo et al., 2007), does not vary ficanitly
throughout the lactation period as in mare’s miflaiani et al., 2001), and this suggests that thevglue is
not influenced by breed or stage of lactation. @tierage pH value (7.18) of donkey’s milk is higkiean
that of cow’s milk (6.6 - 6.7) and it is associateih a low average titratable acidity. These daty be
explained by the lower casein and phosphate cantentionkey’s milk than cow’s milk (Salimei et al.,
2004a). During the lactation, the density of dorikemilk also remains constant at 1.032. This value,
because of the lack of fats, is higher than hunmahcaw milk.

Table 1.1.Average percentage compositii100g) found in donkey’s milk, compared with atidemestic
species (Polidori, 1994; Salimei et al., 2000).

Fat | Proteing Lactose Dry matter Ashes
Donkey| 0.38] 1.72 6.88 8.84 0.39
Human | 3.83 1.25 6.81 12.20 0.21
Mare 1.36] 2.10 6.16 10.04 0.42
Cow 3.70] 3.20 5.00 12.70 0.80
Goat 4.00] 3.10 4.25 12.05 0.8d

The fat content, according to Salimei et al. (2Q0&ed Guo et al. (2007) shows marked variability321
0.20%) indicating that could be affected by breleeding area and forage, milking technique, irgerv
between milkings and mainly stage and year of tewtaas also reported by Fox (2003), with a negativ
trend throughout lactation. Due to the high valibbbserved in milk fat content, the variation émergy
value appeared to show much similarity to thaheffat content (Salimei et al., 2004a; Guo et28Q7).

The lactose content of donkey’s milk is similarthat human and mare milk (table 1.1) and is muginéni
than that of cow milk. According to Guo et al. (ZQ)@he lactose content is constant throughoutabtation,
because lactose is responsible for about 50% odghwotic pressure of milk, which is equal to thiablood.
The lactose content in donkey’s milk is unaffectgdbreed, milking time, year and stage of lactatias
observed by Salimei et al. (2004a). In donkey'skmihe high lactose content not only makes thiskmil
pleasant in taste, but also stimulates the intalstabsorption of calcium, that is essential for éon
mineralization and for nervous system developmeimfants (Schaafsma, 2003). Moreover, the higtoke
content suggests using donkey’s milk also for pybipurpose (Coppola et al., 2002) because ihiglaal
substrate for a correct development of intestiaetdbacilli and, from a technological point of viemakes
donkey’'s milk an ideal matrix for the preparatiof mrobiotic drinks following the incubation with
Lactobacillus rhamnosus strains (Coppola et al., 2001).

Despite the high lactose content of donkey’'s milke average energy content is lower (1,708Kj/Kg)
compared with human milk (2,60 Kj/Kg). According @ftedal & Jennes (1988) the low energy content of
donkey’s milk is related to its low fat content atw the large amounts of milk secreted to meet the
nutritional requirements of the foal for its ragicowth. The hypolipid content of donkey’s milk (takl.1)
must be taken into account from a nutritive poihtiew: for this purpose, when used in infant niign,
donkey’s milk is usually supplemented with vegeddl (4mL/100mL) to conform to human milk energy
(lacono et al., 1992). In donkey’'s milk significguisitive correlations between milk yield and tctalids or
fat content were observed. These results confirah tigher milk fat is associated with a more corgple



udder evacuation in dairy donkey. Moreover, totdlds were positively correlated to protein, fatdaash
content, whereas the protein content was direelgted with fat and ash contents but negativelyetated

to lactose (Salimei et al., 2009). According tccadian studies, milk lipid and lactose contentsehbgen
observed to peak in donkey during the night, wretha protein content peaked during the day (Piecit

al., 2008). However, internal rhythms are known ke affected by environmental factors, such as
management of feeding and the light-dark cycles.

1.4 Donkey milk proteins

The seasonal trend in the protein’s percentage sttawricher milk during spring season, and bec#use
breeding system of donkeys provides a wide gragargpd especially during the spring and summer hmnt
when the forage’s availability is maximum, it ispoghesized that in the period from March to Jureehigh
proportion of protein in diet positively influencesilk proteins. The abundant forage supply provittes
donkeys an amount of proteins, often not fullyizgitl by nitrogen metabolism, which are then excretso
as urea in the milk (Conte, 2007).

The protein content of donkey milk is similar tatthuman milk and was much lower than that cow’k mi
(table 1.1) (Salimei et al., 2004a). Although itnist significantly influenced by milking times afmleed,
varies during lactation, with a negative trendalsady described for milk yield and its fat petege.
However, during lactation both in donkey and in lamma decreasing trend of the protein level (1.72@g)
was showed (Salimei et al., 2004a). Similar trewdse observed in mare’s milk (Mariani et al., 20@hy
cow’s milk (Fox, 2003). This shows that the totedtein percentage in donkey’s milk is affected hy stage
of lactation, consistent with the finding of FOXx0@3) in cow’s milk. This may be related to the difintial
expression of milk proteins genes during lactafPammer et al., 1998).

The study of protein fraction has an essential, foéeause it is presumably responsible for hypagdigcity

of donkey’s milk, entering in tolerance’s mechanishthis milk. Casein, whey protein and NPN consethb
not vary significantly throughout the lactation ijperand appear not be influenced by breed or nglkime
(Salimei et al., 2004a; Guo et al., 2007).

The non-protein nitrogen (NPN) accounts for an agerof 10-16% of total nitrogen in mare and donkey
milk, which is lower than values reported for humailk but higher than those of domestic ruminants
(Uniacke-Lowe et al., 2010; Salimei, 2011). Therage content of NPN is lower in winter, tending to
increase during the summer, because in the sunreeprbtein content of feed intake becomes excessive
compared to the physiological requirements of thienal (Tidona et al., 2011). The nutritional andlbgical
significance of this milk fraction (0,29g/100g njiliwhich includes urea, uric acid, creatinine, améwids,
nucleic acids and nucleotides is still far fromrgeicompletely understood, but seems to be relatatiet
development of the infant (Emmet & Rogers, 1997).

The average content in casein and whey proteingeesimilar (Table 1.2), but while casein contbas a
decreasing trend, the whey protein content renm@instant during the lactation (Alabisio et al., 2D0here

is a similarity between donkey milk and mare mitkriitrogen distribution. The whey protein contefit o
donkey milk (0,68g/ 100g milk) is close to thatlafman and mare milk (Doreau et al., 2002; Malacatne
al., 2002), instead the average casein contenf@l80g) is resulted higher than human milk (0,%80/g
milk) but it is lower than equine (1,11g9/100g mikgd ruminant milk (2,42 g/100g cow milk; 2,40g/400
goat milk) (Travia, 1996). Moreover, the averaggoraf casein to whey protein in donkey’s milk (8)ds
intermediate between the lower value of human @i the higher value of cow’s milk, consistent vitile
finding reported by Travia (1986). In fact, in thalk of ruminants this ratio is four times highdran
donkey’s milk, and seven times higher than humdk (®iolidori and Vincenzetti, 2007).

Table 1.2 Average percentage composition of the nitrogenpmnent of donkey milk, compared with other
domestic species (Polidori, 1994; Salimei et &10®).

Proteins | NPN (x6.38)| WP %WP | Casein | CN/WP
(9/200m)| (g/100 mL) | (g/100mL) (g/100m)
Donkey| 1.72 0.29 0.68 38.4 0.87 0.94
Human | 1.25 0.16 0.71 56.8 0.38 0.53
Mare 2.10 0.20 0.79 3750 1.11 1.40
Cow 3.20 0.18 0.60 1850 2.42 4.03
Goat 3.12 0.14 0.58 18.59 2.40 4.14

The high whey protein content of donkey’s milk makenore favorable for human consumption (Curadi et
al., 2001; lacono et al., 1992). With referencé¢hi protein content, it is important not to igntie fact that
patients who experience an intolerance to cow,, goatheep milk are able to tolerate donkey andematk
(Businco et al., 2000; Carroccio et al., 2000a;a@uet al., 2001). Although the mechanism for t@hee to
donkey’s milk is still unclear, it may be relatemlthe specific levels of major allergenic composéntthe
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milk. Among the potentially allergenic milk compans, B-Lg is, in fact, probably the major milk allergen
among infants and children, whereas casein is der=il the predominant milk allergen among adults
(Carroccio et al., 1999). Lara-Villoslada et al0@®) found that the balance between casein and mwagin
played an important role in the sensitization cépaxf cow milk and showed that cow milk with a GNP
ratio of 40:60 was less allergenic than native coik. As a result, it may be of interest to use kimnmilk

for infant feeding. The donkey milk may be a vadigbstitute for human milk and also an alternative f
feeding children who experience an allergy to colk.m

1.5 Donkey caseins

Casein micelles are primarily a source of aminadgcicalcium, phosphate and bioactive peptides for
neonates (Shekar et al., 2006). Although the meshmaaf tolerance of donkey’s milk has not yet bégty
clarified, it is reasonable to hypothesize that rd@uced allergenic properties of this milk canrdated to
structural differences of its protein componentwitspect to cow’s milk. The lower casein congidn in
donkey’s milk (about 50% of total protein) companeidh bovine milk (80% of total protein) (Zicker &
Lonnerdal, 1994) and the relevant percentage @&ngiss aminoacids make this milk a new dieteticdf@md

a promising breast milk substitute (Guo et al., 200

The traditional method for separating caseins framey proteins is isoelectric precipitation of treseins at
pH 4.6. The casein fraction of most milk types éstssof four gene products synthesized in the marmyma
gland in response to lactogenesis hormones and stihauli: asl-,as2-,3-, andk-caseins, of which the first
three are calcium-sensitive. They showed an higterbgeneity due to post-translation phenomena
(phosphorilation, glycosylation), genetic polymasgph (one or more variants in individual samplescimu
more in bulk milk), non allelic deleted forms an@fgolysis by action of endogenous proteases. #dems
display a distinct lack of secondary structure, chhied to classify them as rheomorphic proteinsli(l4o
Sawyer, 1993). The lack of secondary structure bmttributed, at least partially, to the relatyvbigh
level of proline residues in casein. As a resudseins do not denature or associate on heatinds(a&
Dejmek, 1990). The biological function of the caiselies in their ability to form macromolecularwsttures,
casein micelles, which transfer large amount ofioah to the neonate with a minimum risk of pathidag
calcification of the mammary gland.

However, compared with cow’s milk, the charactdita at molecular level of donkey milk caseins isaa
relatively early stage and limited data are avédédbr its genetic polymorphism.

1.5.1 alpha-s1 caseinog-CN)

Donkey 05;-CN contains 202 amino acids (aa) and has a maecubss (V) 24406 Da prior to post-
translational modifications; as such, it is consihdy larger than its cow (199 aa) and human (1&0 a
counterpart (Table 1.3) (Cunsolo et al., 2009aokding to Miranda et al. (2004), equidag-CN gene, as
cow and other mammals, is constituted by 19 exbits (.1 and 1.2) mapped on chromosome 6, evédmeif t
first and the last two exons represent 5’ and 3'RU{untranslated region, respectively). Moreovegr th
alignment with the other species revealed the alesefiexon 5 in the equiree,;-CN cDNA, which resulted
in the total of 18 exons in the longer form of #wuineas-CN transcript (using the number of the bovine
gene). This assumption is consistent with cDNA seges published by Milenkovic et al. (2002) anddsn
et al. (2003), who reported alternative spicing anygbtic splice site usage.

Table 1.3:Properties of Equine, Bovine, Human and donkgyCN. Values were calculated from the amino
acid sequences of the mature protein provided ofSSWPROT database (http://au.expasy.org/tools).

Primary | Amino acid | Molecular Cys residues
Protein | Species | Accession| residues | Mass (Da)| pl GRAVY
Number
Equine - 205 24614.4 547 -1.127 0
0s-CN Bovine P02662 199 22974.8 4.9P -0.704 0
Human P47710 170 20089.4 5.17 -1.013 3
Donkey P86272 202 24406.4 5.95 -1.115 0

The as-CN primary structure displays polymorphic pattermhse to alternative splicing processes leading to
casual exon skipping events involving exons ofgéee coding for the protein. In fact Cunsolo e{2009a)
identified and completely characterized four donkigyCN components, using mareig-CN as reference.
The two donkey'sas;-CNs with a M 23786 (197aa) and 23658 Da (196aa) differ in theeace of a
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glutamine residue at position 83 in the shortemf¢t96aa), which explains the difference of 128iDtheir
molecular mass. In addition, they show two aminid aabstitutions (& H and H*-Y) with respect to
the homologous mare®,;-CN. The other twais;-CN components with M24406 (202 aa) and 24278 Da
(201), which also differ in the presence of a ghitz residue at position 88 in the full-length cament,
show the insertion of the pentapeptide HTPRE betwe=?® and GI§*, which accounts for the increase of
620 Da in their observed molecular masses. Takitggaccount the exon modular structure ofdbeCN in
the other species and in mare (Lenasi et al., 2P&nda et al., 2004), it is reasonable to assthaethe
pentapeptide HTPRE between E&and GIii* is encoded by the exon 5, which is constitutivagiiced as in
mare’sas;-CNs, where it should express the sequence SIPRE{RHKasi et al., 2003). On the other hand,
the existence of the two non-allelic deleted fotatking a glutamine residue, which is the first amacid
encoded by exon 11, is probably related to anratere splicing event occurring during primary saript
processing. On the other hand, the existence ofjatic splice site occurring at the first codon (GAof
exon 11, encoding this glutamine residue, has @yreeported for ewe (Ferranti et al., 1995), géarfanti

et al.,, 1997), cow and water buffalo (Ferranti & 4999) as;-CNs. The twoas-CNs bearing the
pentapeptide insertion are named variant A (202M@24406) and Al (201 amino acids; Mr 24278),
whereas the twa-CNs without the pentapeptide are named variants98 aa; Mr 23786) and B1 (196 aa;
Mr 23658) (Table 1.4).

Table 1.4:Proposed nomenclature for the full-length and éeletonkey’sas;-CNs (Cunsolo et al., 2009a).

Nomenclature of the isoforms Calculated MAmino acid differences
A 24406 -

Al 24278 Q%

B 23786 -H*TPRE*®

B 23658 ~H¥*TPREY; -Q%

The absence of pentapeptide HTPRE confersiie€CNs components, B and B1, a more acidic nature
(theoretical pls of 6.01) with respect to the comgruts A and Al (theoretical pls of 6.12). The eise of a
full-length component and deleted formsoig-CN protein show genetic polymorphism in donkeyknaihd
reflect the complex exon/intron structure @f;-CN, which consists of many short exons and allows
alternative splicing of shorter exons from pre-mR{&nasi et al., 2003).

0si-CN’s primary structure from donkey milk has bedmmmcterized by Cunsolo et al.(2009a) who did not
mention the possible phosphorilation degree ofpitmein, but looking its primary structure it caontains

six potential phosphorylation sites (http:/au.esyparg/tools) (Séf, Sef®, Sef*, Sef®Sef’ and Sef), as
mareas-CN (Sef®, Sef®, Sef’, Sef® Sef® and Set') (Lenasi et al., 2003; Mateos et al., 2009b), Whice
very close approximately and can thus form a phogghtion centre, which is important in structure o
casein micelles. Regarding mareis;-CN, Mateos et al. (2009b) revealed the existerfca @ll-length
protein and deleted forms resulting from posttrapsional modifications; that is exon skipping irvimg
exon 7, exon 14 or both and use of cryptic splite encoding a glutamine residue. According to Matet

al. (2009b) the full lengtlis-CN existed in equine milk, even if, additionaltile major components of;;-

CN were A7 and A7,14 splicing variants, suggesting that the mecmnof alternative splicing mainly
involved exon 7. Exon skipping is frequently obsghin as;-CN of other mammalian species as human
(Johnsen et al., 1995), caprine (Ferranti et &897) and ovine milk (Passey et al., 1996), and itat only
restricted to ruminants (Martin et al., 2002). Ttwmation of several splicing variants could be laiped by
the as;-CN gene structure that is divided into many skeadns (19) (Martin et al., 2002). Equiog-CN and
humanas;-CN (Johnsen et al., 1995) are the omlyCNs for which exon 7 can be alternatively splieed

for the latter, the removal of exon 7 leads toftrenation of a protein with 162 AA (ML9158 Da) for the
expulsion of sequence®BQ®. For each component af,-CN, including the full-length component, a
shorter component lacking a glutamine residue wawacterized. This supported the occurrence of an
alternative splice mechanism using a cryptic splgite located at the beginning of exon 11 and
corresponding to GIn-91 (Lenasi et al., 2003). dbketion of the first codon of exon 11 (in marg-CN) is

a rather frequent phenomenon occurring in othecispgMartin et al., 2002) including ewe (Ferragttial.,
1995), goat (Ferranti et al., 1997), cow and whtdfalo (Ferranti et al., 1999). In the human, fingt codon

of exon 6’ (a supplementary exon in the gene ofdmum,;-CN between exon 6 and exon 7) encoding a GIn-
37 residue is spliced (Johnsen et al., 1995), with formation of a deleted form with 169 AA and a
molecular weight lower of 128 Da than the corresiion full-length protein. According to Martin et.al
(2002), the loss of a GIn residue could be expthimg a splicing error by the spliceosome. The coG&G
(encoding a GIn residue) at the beginning of amecauld be confused with the AG splice accepta sft
the adjacent intron and could be used alternati{@fyith et al., 1993).
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Mateos et al. (2009b) also determined the diffepdratsphorilation level of maiee;-CN, which varies from
two to six or eight phosphate groups dependinghendss or conservation of exon 7 which encodesifior
amino acid sequence with two potential phosphdoitesites (Sef and Set).

In comparison, bovineas-CN contains eight or nine phosphorilation sitewgBgood, 2003), while goat and
ewedg-CNs lead from 7 to 10 phosphate and from 5 toekbectively, where the highest phosphorilation
level depends on the type of genetic variant camsidl In contrast, the human;-CN is resulted less
phosphorylated than the other mammals, becauskeirs¢quence S&GIu’®, which is a phosphorylation
cluster common to all ruminaat;-CNs, no trace of phosphate group has been foum(Sen et al., 2003).
In humanas-CN, Set® and Sef encoded by 3 and 5 exons @f-CN gene and not always present in
ruminants, are essentially phosphorylated. Howetee, human protein contains only four identified
phosphorilation sites (S& Sef®, Sef® and Sef), despite the presence of 9 potential phosphimilagites
(Kjeldesen et al., 2007). Moreover humagn-CN (170 aa) is in mature milk as an heteropolynveith k-
CN, because it has three cysteines at position985and 104. Two of these amino acids form an
intramolecular disulphide bond, instead the othee Tysteine forms an intermolecular disulphidedoaith
K-CN (Johnsen et al., 1995).

Moreover, donkey (-1.115), mare (-1.127) and hurdr013) as-CN have comparable GRAVY scores
(hydropathicity index), which are lower than thatow a4-CN, indicating an overall higher hydrophobicity
for the latter (table 1.3).

The heterogeneity ofis;-CN is due to genetic polymorphism and thereforeidientification of several
variants of this protein in cow milk (A, B, C, D, E, G, H); instead for humam-CN two variants were
found, with only silent amino acid substitution'tA-V). To date, no information is available on genetic
polymorphism ofis;-CN in equidae milk (mare and donkey).

In bovine milk,as;-CN is a major structural component of the caseicelie and plays a functional role in
curd formation (Walstra and Jennes, 1984). Thetively low level of a5-CN in equid milk (mare and
donkey) compared with bovine milk may be significand, coupled with the low protein content, may be
responsible for the soft curd produced in the infdomach and the foal. Goat milk lacking-CN has poor
coagulation properties compared with milk contagri;-casein (Clark and Sherbon, 2000).

1.5.2 alpha-s2 caseinog-CN)

The complete amino acid sequence of equizeCN is unknown but Ochirkhuyag et al. (2000) puieid the
sequence of N-terminal 15 amino acid residues HigsLys-Met-Glu-His-Phe-Ala-Pro???-Tyr-???-Gln-
Val-Leu), and only five of these amino acids (LystAsn-Met-Glu-His-Arg-Ser-Ser-Ser-Glu-Glu) were
confirmed by Miranda et al. (2004). Bovire-CN is the most highly phosphorilation casein, llgua
containing eleven phosphorylated serine residuéd$ Msser amounts containing ten, twelve or thinte
phosphate groups (Swaisgood, 2003). There arepuotseon the presence @f-CN in human milk.
Donkeyas>CN, as cow, is encoded by a gene (CSN1S2 I) datesti by 19 exons mapped on chromosome
6 which showed an identity of about 74% with copasling bovine sequence and encodes for a predicted
protein of 221 amino acids. Cosenza et al. (2040 sequenced a donkay,-CN cDNA sequence (CSN1S2

Il) (16 exons) which encodes for a predicted peptfl 168 amino acids. So, in donkey’s milk, the @ON
deduced amino acid sequences of tweCNs (GenBank Acc. Nos CAV00691.1) (221 aa) (Rano2008)

and (GenBank Acc. Nos CAX65660.1) (168 aa) (Ramu@009) have been reported. At this regard, fer th
first time, the primary structure of the expresgeatein corresponding to the only available donkgyCN
cDNA sequence was determined using a proteomic oappr (Chianese et al., 2010). Its structural
characterization confirmed for the first time therrectness of the cDNA-derived sequence reported by
Ramunno (2008). The main properties of bovine amkdya-CN are reported in Table 1.5

Table 1.5:Properties of Equine, Bovine, Human and donkeyCN. Values were calculated from the amino
acid sequences of the mature protein provided ofSSWROT database (http://au.expasy.org/tools).

Primary Amino Cys residues
Protein | Species Accession acid M, (Da) | pl GRAVY
Number residues
Equine -
a-CN | Bovine P02663 207 243485 8.34 -0.918 2
Human -
Donkey B7VGF9 221 26030.1 5.74 -0.908 2
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Saletti et al. (2012) have reported the identifaratand direct sequence determination of the pyma
structure of foulns-CN isoforms (Fig. 1.4) as internally (non-alleldgleted donkey’sis-CN forms using
the amino acid sequence of the known full-lengtmkidy’s as-CN as reference (GenBank Acc.No.
CAV00691). In detail, the protein with M5429 Da (A) differs from the full lengthg,-CN (A) for the
deletion of the Asn’®GIn'® pentapeptide, whereas in the protein with2¥1939 Da (A%**9), in addition to
the same peptide, the sequence ‘A&iu*? is also suppressed. In the third non-allelic éeleform (M
25203 Da) (A), the TyF**Lel”*® heptapeptide is absent in comparison with thelémthos,-CN, whereas

in the primary structure of the component with 2713 Da (A2*°9, both the heptapeptide F¥#-Leu?*®
and the sequence A%GIu* are missed. Taking into account the exon modulaicstre of the donkey’s
as-CN (Cosenza et al., 2010), it can be observedthieasequence ASH-GIn'®® absent in the components
with M, 25429 (&) and 21939 Da (Af>9, represents the first five amino acids encodethbyexon 17; the
sequence Asp-Glu*? absent in the primary structure of the componiitis M, 21939 (A1**9 and 21713
Da (A2***9, is encoded by exons 4, 5, and 6; the heptapeftjd*Leu’*®, absent in the primary structure
of the components with M25203 (&) and 21713 Da (K29, is the terminal part of the sequence encoded
by the exon 17. As evidenced by these data, ith@mahypothesized that exons 4, 5 and 6 are completel
skipped in some events. On the other hand, crigtand 3’ splicing sites inside exon 17 may deteerthe
absence of the starting five amino acids or thalfseven amino acids encoded by this exon in thal fi
products. In light of these consideration, the faiigth donkey'sx.,,-CN and the four internally (non-allelic)
deleted forms can be named as reported in Table 1.6

Table 1.6: Proposed nomenclature for the full-length and ttternally deleted donkeyss,CNs (Saletti et
al., 2012).

Nomenclature of the isoforms Calculated MAmino acid differences

A 26028 -

Al 25429 -Asnt’e-GIn™*
A1t 21939 -Asp-Glu®; -Asn'"t-GIn™
A® 25203 Tyt Leu™
A2°%>t 21713 -Asp-GIu™; -Tyr“Ledr™®

The existence of a full-lengths,CN (221 AA and M 26028) (Chianese et al., 2010) and its four diffier
deleted forms resulting from differential spliciegents, is analogous to what was already notethéomg;-
type CNs (Cunsolo et al., 2009a). This polymorphgems to be correlated with the complex intrormexo
modular structure of the genes encoding theseipsyteonsisting of a large number of short exomat may
undergone differential splicing events during priyngranscript processing, thus originating protein
components with different amino acid lengths (Léretsal., 2003). Comparative analysis of the prinar
structure of thea,-CN from donkey and other mammalians reveals thatdifferential splicing events
involving the exons 4,5,6 and the last seven aramds encoded by exon 17 seem unique of donkeyespec
whereas the first five amino acids (RKINQ*®*% encoded by exon 17 are also constitutively sglicethe
0szCN from mare (NCBI Acc. No. NP_001164238) (Marinal., 2009). Moreover it is interesting to note
that the amino acid sequences absent in the iledeetedas,CN forms from donkey are traits of some
IgE-binding epitopes of bovines-CN. In particular, the NKINQ sequence absent ia teleted forms
A'and A?*>®from donkey and constitutively spliced in the-CN from mare is a trait of two major IgE-
binding epitopes of boving,-CN an therefore could be related to the alreadyatestrated low allergenic
properties of donkey’s milk.

Regardingos-CN genetic polymorphism, only four variants (A, 8, D) are known for bovines-CN,
while to date no information is available on geomgtolymorphism ofosCN in equidae milk (mare and
donkey).

1.5.3 Beta-caseinf-CN)

According to Lenasi et al. (2003), the number appraximately length of individual exons in horses {a
donkey) are most probably the same as in the ntyjofiother species. By aligning equifeCN cDNAs
with corresponding cDNAs of other species, 9 exmapped on chromosome 6 were found in eqAH@N,
where the first and the last two exons represeanl’3’ UTR (untranslated region, respectivelyj(HAi.3).
B-CN’s primary structure from donkey milk has bedamcterized completely (Cunsolo et al., 2009bpgus
mare’'sp-CN derived from cDNA as reference reported by Istred al. (2003) and revised by Girardet et al.
(2006). It is constituted of 226 amino acids antas a molecular weight of 25529 Da. Human, cow and
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marep-CN contain 211, 209 and 226 amino acid residuEspectively (Table 1.7). However donk&CN
primary structure displays polymorphic patternse tlu alternative splicing processes leading to alasxon
skipping events involving exon 5, as occurring e tmare’sp-CNs used as reference and reported by
Miranda et al., 2004.

In fact Cunsolo et al. (2009b) also identified ateted component g-CN, which has a molecular weight of
24406 Da. So the two donk@yCNs differ by the presence of the domafETHINK?* in the full-length
component, as occur in the marp-€Ns used as references, which explains the méssatice of 923 Da.

Table 1.7: Properties of Equine, Bovine, Human and donReyN. Values were calculated from the amino
acid sequences of the mature protein provided ofSSWROT database (http://au.expasy.org/tools).

Primary | Amino acid Cys
Protein | Species | Accession| residues | M, (Da) pl GRAVY residues
Number
Equine Q9GKK3 226 25511.4 578 -0.415 0
3-CN Bovine P02666 209 23583.2 5.1B -0.355 0
Human P05814 211 23857,8 5.33 -0.289 0
Donkey P86273 226 25529,3 5.54 -0.406 0

In view of theses analogies, the same nomenclafureare’sp-CNs was adopted to name the new dorfkey
CN variants. Therefore, the full length (226 amamids)3-CN was named variant A, whereas th€N
lacking the region 27-34 (218 amino acids) encduedxon 5 was termed variant%(Table 1.8).

Table 1.8:Proposed nomenclature for the full-length and thletéd donkey’$-CN (Cunsolo et al., 2009b).

Nomenclature of the isoforms Calculated MAmino acid differences
A 25529
A 24406

-Glu"-Lys™

The two donkeyp-CNs differ from the homologous mareisCNs by the presence of nine amino acid
substitutions: 5S*, R—>H%, S5>N&, PV LoV RQ™® PLI%C L->F° and A>P**°. Taken
together, this substitutions account for the inseeaf 18 Da in the Mof the donkey’$3-CNs in comparison
with the mares counterparts.

The primary structure of the full-length donkByCN contains seven potential phosphorilation s{&sr,
Ser®, Set’, Sef®, Sef® Sef* and Ser), together with two other potential phosphorilatisites located at
Thr? and Thf”, analogously to the homologous ma@’€N. The Ser-Xxx-Glu/SerP and Ser-Xxx-Xxx-Glu
motifs are the recognition sequences charactefmedow mammary gland casein Kinase | (Mercier, )98
and Il (Kuenzel et al., 1987), whereas studieshenspecificity of mammary gland casein kinase hehmvn
that the sequence motif Thr-Xxx-Glu is a poor stdistfor the mammary gland enzyme and is usualty no
phosphorylated (Bingham & Groves, 1979; Sorensepegersen, 1994). Moreover the mRNA of donkey’s
B-CN, as mare’$-CN contains an additional exon (exon 4’ correspagdo the 21-26 region), which is not
observed in the other mammals, and seems spezifiquidae (Miranda et al., 2004). This additionaire4’
encodes a region containing a phosphorilation etusith three potential sites and, hence, is pahndycause

of the high content in SerP of equine and donk&yN. The presence of exon 4’ in equidae would lgrge
compensate for the substitution of a SerP residubkeo—SerP-SerP-SerP-Glu- cluster, that is usdalind

in the exon 4-encoded region (residues 12-20) oferaus mammals, by an Asn residue in position 19.
Therefore the analysis of the donkey phosphoryl@&Ns demonstrated that the full-length variant A
consist of three components carrying from five éven phosphate groups, whereas no data were abtaine
about the phosphorilation level of the sH®EN variant A°. 6P and 7P isoforms of the variant A occur with
comparable relative abundances whereas the 5Pirpistpresent as a minor component, revealing tthiat
protein is more phosphorylated (Cunsolo et al.,9200han the homologous marggsCN, in which the
predominant phosphorylated components carries fiivesphate groups even if its maximum degree of
phosphorilation is 7P (Girardet et al., 2006). Adiog to Mateos et al. (2009a), in equine milk ghert -

CN variant A also carries five phosphate groups even if itsimam degree of phosphorilation is 7P. Also
cow B-CN contains four o five phosphorylated serinedesi(Swaisgood, 2003), instead hurfia@N has up

to six phosphorilation level (Sood & Slattery, 2pQihd the phosphate groups are located in a cluster
sequence near the amino terminus, within the tirstresidues of this protein (Greenberg et al.41.98
Moreover, unique to equine milk and apparently abfeom the milk of other mammals (including
ruminants) is a low molecular magsCN protein which accounts for 4% of the caseinteoh(Miclo et al.,
2007). This short protein (94 amino acid residugs)n internally truncated form of the full lengtuinep-
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CN (226 residues), in which a large internal pepsdquence (132 residues) is lacking. Accordingdvit

al. (2007), this large deletion (residues 50-18ightbe due of an alternative donor splice sitentdied in
the terminal part of the nucleotide sequence emgpelkon 7. Such a cryptic splice site usage shaddlt in
RNA forms that lacked the first 396 nucleotidesesbn 7. Deletion of the basic 50-181 region coefno
this short protein a more acidic nature than cawading full-lengthp-CN. Seven phosphorilation were
identified with one to seven phosphate groups, efidhe major isoforms carry five and six phosphate
groups. Moreover, no spontaneous deamidation eflthi molecular mass form ¢fCN has been found,
and the preferential site of hydrolysis by plasttiips®>-Ile>®) in B-CN sequence was lost after truncation of
exon 7, whereas the highly sensitive peptide boméitd chymosin (Led*Tyr'*) was preserved (Miclo et
al., 2007).

EquineB-CN is a good substrate for plasmin associatedjtine caseinate, where the £%He*® bond ofp-

CN is readily hydrolysed leading to the productidry-like caseins, whereas no cleavage of a correspgndi
bond Ly$%Ile*, in bovinep-CN occurs (Egito et al., 2003). In bovine milkagiin activity orp-CN results

in production ofyl-, y2-, y3-CNs (fragments 29-209, 106-209 and 108-209 oirtaf3+CN, respectively) and
of their complementary amino-terminal peptides, ponents 5 of proteose peptone (PP5), components PP8
slow, and component PP8-fast (fragments 1-105/291,05/107, and 1-28 #FCN, respectively). In bovine
B-CN, Lys®lle? is readily cleaved by plasmin but the equivaléys®-lle® in equinef-CN is insensitive
(Egito et al., 2002). Other plasmin cleavage sitesquinep-CN are Ly$**Arg % Arg'®*Lys'® and Lys®>-
Val'® (Egito et al., 2002). Equing-CN is readily hydrolysed by chymosin at L&iTyr'®! (Egito et al.,
2001) and the two fragments generated seemedreskstant to further hydrolysis by chymosin at pB.6
Equine, bovine, human and donkByCN have a very hydrophilic N-terminus, followed hyrelatively
random hydropathy distribution in the rest of thetgin, leading to an amphiphilic protein with adhgphilic
N-terminus and a hydrophobic C-terminus (Table.1.7)

RegardingB-CN genetic polymorphism, this phenomenon is qadgmplex in cow’s milk, due to the high
variability and to the presence of a large numtecases not characterized or not well clarifiediasats.
However for cowp-CN, in addition to already identified genetic \aanis (Al, A2, A3, B, C, D, E), new
variants have been identified (F, H1, H2 and I)cdrwing to Greenberg et al. (1984), there is also t
existence of genetic polymorphism in hunfa@N, but probably the substitution involving unoied amino
acids make difficult to demonstrate this phenomenbm date no information is available on genetic
polymorphism of3-CN in equidae milk (mare and donkey).

1.5.4.1 Kappa caseinK-CN)

The presence a-CN in equine milk was an issue of debate for savgears, with several authors (Ono et
al., 1989; Visser et al., 1992; Ochirkhuyag et2000) reporting its absence, even if other stufhMadacarne

et al., 2000; Egito et al., 2001; lametti et aDO2) showed its presence, albeit at low conceotratrhe
primary structure of equine-CN has been derived (lametti et al., 2001; Leeasil., 2003; Miranda et al.,
2004); it contains 165 amino acid residues, foss lthan bovin&-CN but three more than human casein
(table 1.9). The molecular mass of equir€EN, prior to post-translation modification is 1884 Da. Equine
and humam-CN have a considerably higher isoelectric pH thawinek-CN (table 1.9), and they have a net
positive charge at physiological pH, whereas bowr@N has a net negative charge. In fact, equi@EN
contains 11 negatively charged residues and 14tiyelgi charged residues compared with 16 and 14,
respectively, in the bovine protein. This distribatis reflected in the calculated pl values (equif.02;
bovine: 5.93). The particular composition of equkr€N is similar to that found iR-CN from monogastric
species, such as huma+CN (11 negatively charged residues; 13 positieslgrged residues, pl 8.68), or pig
K-CN (15 negatively charged residues; 17 positivaigrged residues; pl 8.68) (lametti et al., 200he
GRAVY score of bovink-CN is considerably lower than that of equik€N (Table 1.9), indicating that
equinek-CN is less hydrophilic than its bovine counterp&bvinek-CN is characterized by a hydrophilic
C-terminus, which is very important for the statalion of bovine casein micelles, but a comparisbthe
hydropathy distribution of bovine and equikCNs indicates that the C-terminus of equkR€EN is far less
hydrophilic, particularly as a result of the absené a strong hydrophilic region at residues 110-Equine
K-CN appears to be more like human than bow#@N in terms of the distribution of hydropathy adpthe
polypeptide chain.
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Table 1.9: Properties of Equine, Bovine, HumanCN. Values were calculated from the amino acid

sequences of the mature protein provided on SWIBSIPdatabase (http://au.expasy.org/tools).

Primary Amino acid Cys
Protein | Species | Accession residues | M, (Da) pl GRAVY residues
Number
Equine P82187 165 18844.7 8.03 -0.313 2
K-CN Bovine P02668 169 18974.4 5.98 -0.557 2
Human P07498 162 18162.6 8.68 -0.528 1

1.5.4.2 Glycosylation ok-CN

K-CN is the only glycosylated member of the casaemify and exhibits micro-heterogeneity due to #neel

of glycosylation (Saito & Itoh, 1992). Oligosaccit®s consisting of N-acetylneuraminic acid (NANA),
galactose and N-acetylgalactosamine are attachedCtd via O-glycosidic linkages to threonine residues
the C-terminal portion of the molecule (glycomaapiide, GMP, region). Humamk-CN contains
approximately 5 times more sugars (around 55%) tbaw. Not only galactose, NANA and N-
acetylgalactosamine, but also fucose and N-aceiybgamine were identified (Fiat et al., 1980).
Glycosylation degree is higher in colostrum thamitk, and increases during mastitis infection (a &
Minkiewicz, 1996). Although no direct informatios available, lectin binding studies indicate thainek-
CN is glycosylated (lametti et al., 2001), probastyresidues THE, Thr'?’, Thr*®t, Thr**°, Thr**3(Lenasi et
al., 2003), although these glycosylation sitesrarefully in agreement with those proposed by Egital.
(2001). In equine-CN, nine threonine residues were possible O-glyletisn sites Thi*®, Thr?® Thr'?’
Thr®t, Thr*® Thr**® Thr®* Thr'®® andTht*® (Egito et al., 2001). Equin&-CN might thus be more
glycosylated than bovine-CN which has six glycosylated threonine residliegieneralk-CNs of Group |l
are more glycosylated tharCNs of Group | (as will be seen later). About tthirds of bovinek-CN
molecules are glycosylated at one of six threossidues, i.e., TAT', Thr®%, Thr*®3, Thr*>, Thr**® (only in
bovinek-CN variant A) or Thi*? (Pisano et al., 1994). HumanCN have seven glycosylation sites Ffir
ThrtZ, Thr*®, Thr®%, Thr*”, Thr**” and Tht*® (Fiat et al., 1980). To date, no non-glycosylake@N has
been identified in equine milk (Martuzzi & Dore&Q06).

No direct information is available on the phosplation state of the equine protein. However, ttpettive
phosphorilation sites, namely At Thr*® and Sel*’, may be suggested based on the sequence similarity
studies with othek-CNs and on prediction analyses (lametti et al0120

K-CN is located mainly on the surface of the cagwuinelles and is responsible for their stability.eTh
presence of a glycan moiety in the C-terminal negibk-CN enhances its ability to stabilize the micelig,
electrostatic repulsion, and may increase the teggis by the protein to proteolytic enzymes and hig
temperature (Dziuba & Muzinska, 1996). BiologicalNANA residues have antibacterial properties actd a
as a bifidogenic factor (Dziuba & Muzinska, 1998)CN is thought to play a major role in preventing
adhesion oHelicobacter pilori to human gastric mucosa (Stromgsit et al., 1985k likely that heavily
glycosylatedk-CN provides protection due to its carbohydrateteoihand breast-feeding infants is thought
to provide some protection, especidiglicobacter pilori infection is occurring in increasingly younger age
(Lonnerdal, 2003). In spite of some peculiaritissme of which also occur in other monogastric |ci
equine milkk-CN appeared to have all the properties found lrerat-CNs and associated with the role of
this protein family in the formation and stabilimat of the micellar structure of casein in milkrfiatti et al.,
2001).

1.5.4.3 Hydrolysis ofk-CN

The hydrolysis of bovin&-CN by chymosin at Phg-Met;q¢ leads to the production of the hydrophobic
(non-glycosylated) N-terminal paraCN and the hydrophilic, highly charged (O-glycadgd) C-terminal
caseinomacropeptide (CMP) (Walstra & Jennes, 198dlease of CMP causes destabilisation of the masei
micelles, resulting in their coagulation. The indié parak-CN remains in the coagulum, whereas CMP is
released into the soluble phase (Jollés et al.2)1@alf chymosin hydrolyses the Rhélegs bond of equine
K-CN (Egito et al., 2001) and slowly hydrolyses thieg  s-Met o6 bond of humark-CN (Plowman et al.,
1999). However as summarized in Table 1.10, the €Mé&leased from equine or huma&rCN are
considerably less hydrophilic than bovine CMP.

Table 1.10: Properties of Equine, Bovine, Human par&N and CMP. Values were calculated from the
amino acid sequences of the mature protein provide8WISS-PROT database (http://au.expasy.orgjtools
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Amino acid
Protein Species residues M, (Da) pl GRAVY

Equine 1-97 11693.3 8.96 -0.675

Parak-CN Bovine 1-105 12285.0 9.33 -0.617

Human 1-105 11456.9 9.63 -1.004
Equine 98-165 7169.3 4.72 0.203

CMP Bovine 106-169 6707.4 4.04 -0.370
Human 106-169 6723.7 4.24 0.182

The sequence 97-116 wfCN is highly conserved across species, suggettimgthe limited proteolysis of
K-CN and subsequent coagulation of milk are of majotogical significance (Mercier at al., 1976). A
grouping system for mammals based I6EN structure and the site of cleavage by chymdsia been
suggested. Group | species (cow, goat, sheep,lbuffave a high content of dicarboxylic amino aciohsl
low hydrophobicity and carbohydrate content &a@N is cleaved at Phg-Met;o, While Group Il species
(human, mouse, pig, rat) have a high proline cdantiess dicarboxylic amino acids and a much higher
hydrophobicity and carbohydrate content and aravelé at Phg-llegg or PhegsLeu,gs Cleavage of equine
milk at Phgrllegg, as well as other characteristics ofdt€N (i.e., zebra), place the horse in Group Il. The
divergence between species into Groups | and lidcaccount for differences in the clotting mechamisf
ruminant and non-ruminant milk (Herskovitis, 196®). addition to differences in cleavage sites, the
grouping system also divides species based onuimber of O-glycosylation sites. As equine and human
CNs are considerably more highly glycosylated thavinek-CN and non-glycosylatek-CN has not been
found in equine milk (Egito et al., 2001), equimadhumank-CN belong to the same group. The level of
glycosylation does not affect micelle structure ibutoes affect the susceptibility @CN to hydrolysis by
chymosin, with susceptibility decreasing as theelesf glycosylation increases (Addeo et al., 1984;
Zbikwoska et al., 1992). Therefore, equine milk gbly has a different chymosin-induced clotting
mechanism than bovine milk.

The proportion ok-CN in equine milk appears to be lower comparethéd cow’s and human milk (Egito et
al., 2001). Also in donkey’s milk this protein mighe in minute, and therefore undetectable quastiti
making their characterization difficult (Vincendett al., 2008). However Chianese et al. (2010piified
this protein in donkey milk, thanks to the recedtances in proteomic technology. The results obthiny
Chianese et al. (2010) showed, also for this pmoteihigh heterogeneity due to its different glydason
level. However, to date the knowledge of donke@€N is scant and only the primary structureke€N,
deduced from corresponding cDNA, has been repoffdGregorio, 2011).k-CN cDNA have been
characterized in several species and its struécsuvery similar among them. RegardirgCN (CSN3) gene

in horse, it consists of 5 exons mapped on chromes®, even if the matureCN is only encoded by part
of the exon 3 and the entire exon 4 (Hobor e28I06). The first and the last exons represennd’3 UTR
(untraslated region), respectively, while the sigreptide encoded by exon 2 does not also trangheshsi

et al., 2003). Moreover, theCN gene was postulated to be not evolutionarytedl#o the genes encoding
the calcium sensitive caseins, but evolutionarjtionogen gene family whose cleavage by thromleisuits

in blood clotting (Jolles et al., 1978)his hypothesis is sustained by the structuralfandtional similarities
between the proteins, and by nucleotide sequent&asties betweemk-CN and fibrinogen cDNAs.

The genetic polymorphism @&FCN is also of interest, since some variants ctwgldnore beneficial from the
point of human nutrition or be associated with nglkality, composition and technological charactass
(Yahyaoui et al., 2003). In case of cow’s milk, lRkc variant of CSN3 gene is preferable and arsmeéth
genotype BB produce milk with better cheese makibidity and shorter rennet time.

To date no information is available on genetic patyphism ofk-CN in equidae milk (mare and donkey)
and specifically for donkexy-CN, its primary structure was not determined.
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LEXON2Z EXON 2 EXON 3 EXON 4 e EXON €
[ re || kLPHRHPENQ || NEQDSRE || KVikERKFPSFAL || HTPRE || EVINELNR |
4~  EXONGE o e EXONE EXON ¢ EXON 1¢
| QRELLKEKQKDEHK || || EvuepPe || QQEsssTsssE || EvveINTE |
o EXON1I EXON 12 EXON 13 EXON 14
| okriIPREDMLYQHTL || EQLRRLSKYNQLQL || QalvaQ || EQLIRMKENSQ |
14; EXON 1 EXON 1€ EXON 17

[ RkPMRVWNG || EQAYFYLE || PFQPSYQLDVYPYAAWFHPAQIMQHVAYSPFHDTA |

104 EXON 17 21C

| KLIASENSEKTDIIPEW |

Skipping/insertion exon i

Emm—  Skipping/insertion exon ¢

Fig. 1.1 Primary structure of donkegs;-CN (202 aa since exon 7 outsplicediN RESULTS AND
DISCUSSION, the insertion of exon 7 which encodasdctapeptide DTSNESTE as in homologous mare
asi-CN, determines the formation of donkay-CN with 210 aa long. With the insertion of exoraiid
skipping of first codon CAG of exon 11, donkey-CN is 209 aa long.

1EXON z EXONZ EXON 3’ EXON 4 EXON € EXON 6’
[ R || kLPHRQPEIQ || NEQDSR || KVLKERKFPSFAL || EYINELN || QRELLKEKQKDEH
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106 EXONIZ EXON13 ;5 EXON1{ g EXON 1t EXON 1¢

[EoLrrLskYNGLG || 0aiHAQ |[ EQLirmKENs || RkPMRVWNQ |[ EQAYFYLE |

152 EXON 17 208

| PFQPSYQLDVYPYAAWFHPAQIMQHVAYSPFHDTAKLIASENSEKTDIIPE |

Skipping/insertion exon 7
W Skippina/insertion exon 1¢

Fig. 1.2 Primary structure of maog;-CN (exon 5 outspliced).
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EXON ¢

226
|SKVAPFPQPVVPYPQRDTPVQAFLLYQDP LGLTGEFDPATQPIV PVHNPVI |

Amino acid substitution present in donkeyB-CN
with respect to mare’s counterparts

— Skipping/insertion exon 5

Fig. 1.3: Primary structure of donkey and m@<N.
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Fig. 1.4: Primary structure of donkeys,CN.



1.6 Donkey whey proteins

Donkey’s milk whey proteins represent the 35-50%hef nitrogen fraction whereas in bovine milk otig
20% (Herrouin et al., 2000). The most important wpeoteins in donkey’s milk are-Lactalbumin ¢-La),
B-Lactoglobulin B-Lg) and lysozyme (Lyz), as demonstrated by Famtual. (2001). In Table 1.11, a

comparison of the concentration of total caseiniseywproteins and non-casein proteins in human, 'sare
and donkey’s milk is shown.

Table 1.11: Comparison of the concentration of total casdinisy| whey proteins and of the relative amounts
of non-casein proteins in human, mare’s and dorskeytk (Malacarne et al., 2002; Miranda et al., 200

Human (mg/ml)| Equine (mg/ml) Donkey (mg/ml)
Caseins 5.8 10.3b-14.0a 6.60
Whey proteins | 2.1 8.03a-7.40b 7.50
Lysozyme 0.50a 1.10a 1.00
B-Lattoglobulin 3.00a 3.75
a-Lactalbumin | 1.60a 3.30a 1.80

In contrast to bovine milk proteins, only limitedtd are available for genetic polymorphism of dgnkbey
proteins.

Similar toa-La of bovine, caprine, ovine, camelid, human arsdets milk, donkey-La contains 123 amino
acids.

In horse milk, Godovac-Zimmermann et al. (1987)vebad the occurrence of three genetic varianta-ba
nameda-La A, B and C, which differ by only a few singlenano acids, whereas only omelLa genetic
variant was reported in donkey milk, even if appateterogeneity of the protein was observed (@asfet

al., 1992) for the identification of two isoform& énd B) both of them glycosylated (Bertino et 2D10).
Donkeya-La is closely related to the horse A-type variactording to the amino acid sequence alignment.
The percentage of sequence identity between thepteigins is 99.2%, whereas it is 96,7% with hd34e
type variants. Bovine-La occurs as two, or possibly three, genetic vasiéBell et al., 1981) and human

La has two genetic variants, one of which has lidentified only recently (Chowanadisaia et al., 200rhe

primary structures of mare, bovine, human and dprke.a differ only by a few single amino acid
replacements, and the proteins have similar priggefTable 1.12)

Table 1.12 Properties of equine, bovine, human and dortkéy. Values were calculated from the amino
acid sequences of the mature protein provided ofSSWROT database (http://au.expasy.org/tools).

Species| Variant AAresidugs Molecular Masgl GRAVY | Disulphide
(Da) score bridges
Equine A 123 14223.2 495 -0416 4
B 123 14251.2 495 -0.503 4
C 123 14249.3 511  -0.438 4
Bovine 123 14186.0 480 -0.453 4
Human 123 14078.1 4.70 -0.255 4
Donkey 123 14222.3 511 -0.416 4

Equinea-La A, B, and C have an isoelectric point at pH54.4.95 and 5.11, respectively, as donkela
(5.11), whereas bovine and humarLa have pls at pH 4.80 and 4.70, respectively I@dabl12). The
GRAVY scores of equine, bovine and donke{.a are comparable, whereas that of humadra is distinctly
higher (Table 1.12), indicating a lower hydrophdtyicThe eight cysteine residues of bovine and huma
La form four intra-molecular disulphide bonds (&®/S0 CySs-Cysiin Cys:-Cys7, Cysz-Cyss). Based
on the very high similarity between equine, bovimenan and donkeg-La, as well as the-La from other

species, it is highly likely that equine and donkela also contains four intra-molecular disulphidiges,
at the aforementioned positions.

According to Vincenzetti et al. (2008), the donkei.a content showed a marked increase three motgh af
parturition to reach the value of 1.8 mg/mL, thamained almost stable during the remaining lamtati
period (Table 1.13). This value obtained for dorganilk is in good agreement with theeLa content in
human milk (1.6 mg/mL) but is very low to the maré.a content (3.3 mg/mL), which is instead very elos
to thea-La content in bovine milk (Table 1.11).
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However,a-La, a unique protein in the milk of mammals, isrtmdogous with the well characterized c-type
lysozyme. It is a calcium metalloprotein, in whi€le* plays a crucial role in folding and structure. The
determination of calcium amount bound to the A Bridoforms showed that A-La binds less Gathan B,

so its apparent heterogeneity is due to differilitato bind C&™ missing in then-La A (Conti et al., 1989;
Herrouin et al., 2000). Moreovem-La is synthesized in the rough endoplasmic raticylfrom where it is
transported to the Golgi apparatus, where it hasgalatory function in the synthesis of lactosegdther
with B-1,4 galactosyltranferase, which is the catalybenponent of the lactose synthetagd,a enhances
affinity for glucose 1000-fold in the final step tdctose synthesis, when glucose is linked to ¢adec
(Neville, 2009).

B-Lg is the major whey protein in the milk of rumima, and is also present in milk of monogastriod an
marsupials, but not in that of humans and roddtsrnbling et al., 1992). It is a member of the stgraily

of hydrophobic molecule transporters or Lipocalivtich have a strong affinity for hydrophobic molkss.
The physiological function of this protein is uraiethough it is suspected to be involved in rdtara fatty
acids transport (Pérez & Calvo, 1995). Bovipihg is very resistant to peptic digestion and camnse
allergenic reaction on consumption, even if thestaace to digestion is not uniform among the seaind
this is important considering the potential applama of donkey’s milk as a hypo-allergenic dairyoguct
(El-Zahar et al., 2005).

The donkeyB3-Lg content proved to be stable during the differsiages of lactation with a mean value of
about 3.75 mg/mL (Table 1.13) (Vincenzetti et 2D08) which is very close to that of bovine milk33
mg/mL) and mare’s milk (3.0 mg/mL), whereas in hanmailk the 3-Lg content is absent (Miranda et al.,
2004) (Table 1.11).

Table 1.13 Quantitative determination @f-La, lysozyme3-Lg in different stage of lactation (Vincenzetti
et al., 2008).

Days after parturition Lysozyme (mg/mL)B-Lg (mg/mL) | a-La(mg/mL)
60 1.34 Non deter. 0.81
90 0.94 4.13 1.97
120 1.03 3.60 1.87
160 0.82 3.69 1.74
190 0.76 3.60 1.63

In ruminantsB-Lg is encoded by a single gene, although the poesef af3-Lg pseudogene has been
described in the cow (Passey & MacKinlay, 1995) godt (Folch et al., 1996). In the milk of thesedps,
B-Lg exists predominantly as a dimer. Bovipidg occurs mainly as two genetic variants A ancb8th of
which contain 162 amino acids and differ only asipon 63 (Asp in variant A, Gly in variant B) arid7
(Val in variant A, Ala in variant B); a further alen, less common genetic variants of bo\rAeg have also
been reported (Sawyer, 2003). In donkeys milk akdrse, dogs and dolphins, two structurally diffeere
monomericB-Lgs exist, calle-Lg | andB-Lg Il. The presence of third protein in milg-(g Ill) has been
described only in cats, whepelLgs exhibit a high polymorphism (Halliday et dl993).

In donkey’s milk,3-Lg | is the major component and represents ab0ui 8f totalp-Lg, instead3-Lg Il is

the minor component (about 20% of the total proté@odovac-Zimmermann et al., 199@}Lg | is 162
amino acids long (4 cysteines) and two geneticavaisinamed A (18524 Da) (Godovac-Zimmermann et al.,
1988a) and B (18510 Da) (Herrouin et al., 2000hveitmolecular mass difference of 14 Da due to three
amino acid substitutions®=-S, ST e VV*°-| (Table 1.14). The homology of donk@yLg | A with B
variants accounted for 98.1% and each of them, @88% and 99.4%, identical to horse counterpart,
respectively. In the same way the homologydfg | with donkeyB-Lg Il and cow counterpart accounted
for 65.6% and 56.0% respectively (http://au.expasy.

B-Lg Il presents 163 amino acids for the additiogigtine residue between 116-112a as in mare’s milk.
Four genetic variants of donk@ylLg Il named A (Godovac-Zimmermann et al., 1990)(Hrrouin et al.,
2000), C (Herrouin et al., 2000) and D (Cunsol@let2007) have been identified and characteriZzedble
1.14).

Unlike ruminantg3-Lgs and donkef-Lg Il A (each having five cysteine residues), ofdyr cysteines were
found in asinine species. Specifically, donkey, iequand bovinep-Lg contain two intra-molecular
disulphide bridges, linking CysCysiso and CysosCysiio in equine and donkef-Lg |, CyseCysisr and
Cysi0sCysio in equine and donkefy-Lg Il and Cyge-Cysieo and CysoseCySiio OF CySo; in bovine3-Lg A
and B (Cunsolo et al., 2007). At this regard, umldovinep-Lgs, equine and donkddrLg lack a sulphydryl
group, which has large implications for denaturatmnd aggregation of the protein. Also, unlike Ie\s-

Lg, equine and donkefy-Lg do not dimerize (Sawyer, 2003).
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Table 1.14 Physico-chemical characteristics of donkelg | andp-Lg Il genetic variants.

) . ) Amino Molecular Number and
Protein S‘Srri]:ﬂf Q:Elsntic;ui%ﬂs acid mass positions of pl
residues (Da) disulphide bridges

B-Lg | A EX & Vv« 162 18528 2 (66-160; 106-119 4.79
B s ™ = “ 18514 “ 4.85

B-Lg Il A D? R® v® D% 'cMt MM G 163 18263 2 (66-161;106-120 4.7Q
B BT “ 18227 - 4.70
C £ P TE 18241 4.72
D B B~ 18311 4.64

The twoB-Lgs (-Lg | and-Lg Il), each containing 162 and 163 amino acigeesively, were also found
in equine milk (Halliday et al., 1991). The mainachcteristics of bovine, equine and donielg were

reported in Table 1.15, where bovigd.g A and B have a GRAVY score 60.167 and0.162, respectively,
and are, therefore, considered to be less hydiogghdn equine and donk@ylLg | andf3-Lg 1.

Table 1.15 Properties of equine, bovine, human and dorfkéyg. Values were calculated from the amino
acid sequences of the mature protein provided ofSSWPROT database (http://au.expasy.org/tools).

Species| Variant AAresidugs Molecular Masgl GRAVY | Disulphide
(Da) score bridges
Equine I 162 18500.1 485 -0.386 2
Il 163 18261.6 471 -0.300 2
Bovine A 162 18367.3 476 -0.167 2
Bovine B 162 18281.2 483 -0.162 2
Donkey I 162 18528.2 479 -0.404 2
Donkey Il 163 18262.6 470 -0.264 2

1.6.1 The donkey lysozyme

Lysozyme (Lyz) is known to be a natural antimicedbagent (very resistant to acid and protease
gastrointestinal digestion) since it catalyses Higdrolysis of glycosidic bonds of mucopolysacchesidn
bacterial cell walls (Chiavari et al., 2005), awdishibiting many pathogens bacteria developmerkasadhe
milk somewhat selective with regards to the baatércan host. So this enzyme, together with othetor
including immunoglobulins, lactoferrin and lactopeidase could be one of the most important componen
of the immune system of children and it may funtiio the infant’s digestive tract to reduce thadeoce of
gastrointestinal infections (Businco et al., 20083cording to Vincenzetti et al. (2008), the Lyzntent in
donkey’s milk varied considerably during the diéfat stages of lactation (Table 1.13), with a mealne of

1.0 mg/mL, and proved to be higher with respedhat in bovine (traces), human (0.12 mg/mL) andtgo
milk (traces), whereas, it was very close to mareikk (0.79 mg/mL), as observed by Stelwagen, (2003
Two genetic variants of donkey Lyz are known: A §8@) (Godovac-Zimmermann et al., 1988b) and B
(14631) (Herrouin et al., 2000) with three aminddasubstitutions in comparison with Lyz A*N—D,
Y*2-S and 8'—N, which explain the loss of 48 Da in the molecutass of Lyz A. However, donkey Lys
B showed 97.7% identity with donkey Lyz A. In comigan with horse Lyz, the donkey Lyz B has a greate

percentage identity than donkey Lys A (98.4% vs7%) (Table 1.1)5

Table 1.16 Donkey Lyz genetic variants in comparison withissoLyz.

Lyz 49 52 61 86

A Donkey| Asn (N)| Tyr (Y)| Ser (S} Asp (D)

B Donkey| Asp (D)| Ser (S) Asn(N) Asp (D)
Horse Asn (N)] Ser (S)y Asn(N) Glu(B)

The large amount of Lyz in donkey milk may be uefut only to prevent intestine infections in infanbut
also responsible for the low bacterial count asmegl by Salimei et al. (2004a), giving to the deyik milk
the peculiarity to preserve their organoleptic anidrobiological characteristics unchanged for egldéme.
In fact it has been observed in a donkey milk sangpbred at refrigeration system for over 10 dags the
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organoleptic characteristics, pH and microbialdlshowed no significant changes (Polidori & Vincsttiz
2007). At this regard, Zhang et al. (2008) showet the absence &lmonella andShighella strains and a
growth reduction ofs. choleraus andS. disenteriae in donkey’s milk can be attributed to the activitfyLyz
and other antimicrobial molecules as LPS, lactafeimmunoglobulin and free fatty acids. Also Tidoat

al. (2009) showed antimicrobial effect of donkeyidk on selected pathogenic bacteria with a sigaifit
reduction growth oE. coli during its stationary phase and inhibitionLofmonocytogenes 2230/92 in a dose
dependent way.

The interest for Lyz is also motivated by its ralemitigating the inflammation of the epidermis aschlp,
which justifies the dermatological use of donkeyik carried out since ancient Rome (Cotte, 1991).

In addition, Lyz has also other physiological fuons, including inactivation of certain virus,
immunoregulatory activity, anti-inflammatory andtiatumor activity (Ibrahm & Aoki, 2003). In facthiMao

et al. (2009) study, an high content of Lyz in deylk milk may contribute to its anti-proliferatiand anti
tumor effects on A549 human long cancer cellstro.

Donkey milk active components, as Lyz, reduced wiability of A549 cells in dose-dependent and time
dependent manners either directly by apoptosisdirectly through the secretion of molecules resjlia

of lymphocytes and macrophages activation.

Considering the numerous benefits of donkey mitigluding its healthy-promoting characteristic and
probiotic effect, Chiavari et al. (2005) and Coppet al. (2002) suggested the possibility of uslogkey’s
milk for probiotic purposes. Donkey’'s milk could lvalorised as a very good base for a fermented milk
beverage, since it proved to be a good growth nmedar probiotic lactobacilli l{. rhamnosus andL. casei)
because of its initial low microbial count, higltiase content and mainly high Lyz content (Copmalal.,
2002). In fact it must be noted that Lyz can bestdered an indirect “bifidogenic factor” and soehicle for
the consumption of probiotic bacteria. However ltigh Lyz content in donkey’s milk seems did noteaff
the probiotic strains viability during the storaged so, only partially it influenced the growthtbé strains
tested without also any significant effect on thadidifying activity (Coppola et al., 2002). Accand to
Chiavari et al. (2005), in a fermented beveragéh wattobacilli, a Lyz activity unchanged in comsan
with initial values, also after pasteurization @adrout at 63°C for 30 min and after 30 days slifelf

These results confirmed the possibility of prodgcan probiotic infant formula with favorable benédic
properties using donkey’s milk as a raw materidlié@ari et al., 2005).

1.7 The mineral content

The intense neonatal pace of foal growth also requan adequate mineral content in donkey’s millcivis
unaffected by breed (Mariani et al., 2001), eveyuth it varies, with a continuous decline, duriagtation.

In fact, the milk produced in the first month ottation, when milk is the only nutritional source the foal,
contained the highest levels of mineral elementiclvmay be related to the considerable requiresneht
the young foal at the first fast growth stage. Afterd, the mineral supply decreased considerably
(Doreu,1994).

The mean ash content in donkey’s milk (0.39g/10Q0nals) in mare’s milk, is resulted higher than that o
human milk and lower than that of ruminants millkafe 1.17) (Polidori & Vincenzetti, 2007). The vesuof
mineral composition are closer to human milk thaneo milks except for the higher absolute levels of
calcium and phosphorous. In fact, in donkey’'s milla/P ratio, ranging averaged 1.48, lies between th
lower values of cow's milk and the higher values lafman milk (Salimei et al., 2004a; Polidori &
Vincenzetti, 2007). The mean content of potassiorddnkey’s milk is slightly lower compared to thaft
human milk. As regards chlorine and magnesium,niigan concentrations in donkey’s milk are resulted
similar to that of human milk, while the sodium tamt is detected slightly higher than that of humaitk.
The calcium, chlorine, potassium, sodium and magnegontents in cow’s and goat’s milk, appear to be
about three times higher than in the human milld fom phosphorous, even six times higher than human
milk. Also in goat's milk, the content of chloride very high. However it is considered that, insglo
connection with the feeding, even the ash conteotehses during autumn (Polidori & Vincenzetti, 200
Salimei et al., 2004a).

From a nutritional point of view, it must be notetht the renal load of solutes, mainly determibgdhe
amount of inorganic substances and proteins irdibe is very similar in both breast-fed infantdahose
fed donkey’s milk, excluding the absolute calciund gghosphorous contributions (lacono et al., 1988)m

a dermatological point of view, the minerals conégi in donkey’s milk are useful for cleaning thensk
they, in fact, allow to sweep away dead skin cédlaying on skin surface only live cells. They nmalgo
influence cell growth.

Table 1.17 The mean content of minerals in donkey's milk pamed than that of other species (Belli
Blanes, 2001).
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Minerals | Ca P Ca/P| K Cl Na Mg
(9/100mL) | (mg/Kg) | (mg/kg) (mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg)
Donkey| 0.39 676.7 487 1.4 497 336.7 218.3 37.3
Human | 0.21 340 140 24| 530 379 133.8 38.8
Mare | 0.35 900 700 1.29 550 450 135
Cow 0.71 1170 900 1.3] 1448 999.5 491 121
Goat 0.80 1260 970 1.3] 1844 1600 380 130

1.8 Lipid Composition

The mean fat content of donkey’s milk (0,3-1,8%}iimilar to values observed in mare’s milk (0,398)5
and it is much lower than in the other mammal milkeman 3,5-4%; cow 3,5-3,9%) (Guo et al., 2007;
Polidori et al., 2009). The lower total donkey dipiontent than other mammals reflects in its lowadoric
content (408 Kcal/L donkey milk, vs 690 Kcal/L humeilk and 660 Kcal/L cow milk) (Gastaldi et al.,
2010) and there are different factors that infleefat content, such as, breed, breeding area aade@and
milking technique (Fox, 2003).

Milk lipids consists mainly of triglycerides (98%)Other constituents are mono- and diglycerides,
phospholipids, sterols and free fatty acids (FASX(& McSweeney, 1998). The triglycerides are cossub
of FAs of different length and saturation. The diden of donkey milk fat globules varies from 1 foufn,
showing a dimensional distribution consistent witht reported by cow’s milk (Salimei, 2011). Witgard

to milk FAs composition, its profile in mammal nslks indicative and can also vary, because infladry
factors like breed, diet, state of lactation, indidal factors, health issue and environmental fact€hiofalo

et al., 2004).

Table 1.18 Average composition of fatty acid classes (%hef total) in the lipid fraction of the donkey milk
(mean = standard deviation SD) (Chiofalo et alQ20

Fatty acids Mean (g/100g) + S
Saurated 67.57+2.78
Monounsaturated 15.82+0.95
Polyunsaturate3 | 7.45+1.15
Polyunsaturated6 | 8.65+1.07
Polyunsaturated 16.60+2.33

O

In donkey milk FAs identified are (Table 1.19): &&urated linear FAs from C4 to C22, 9 monounstddra
FAs from C10 to C20 and 13 polyunsaturated FAs foh8 to C22, of which 3 of6 series and 8 af3
series, containing from 2 to 6 double bonds (Tahl®) (Chiofalo et al., 2003; 2004).

Compared to monounsaturated and polyunsaturedesldtable 1.18), saturated milk fatty acids SFAthee
most represented (67,57%): these results, consigiém those reported for mare’s milk (Martuzzi at,
1998), were found lower than those in ovine (73@hi¢falo et al., 1994) and caprine (77%) (Chiofaial.,
1996). SFAs found in greater quantity were: cap(i€€8:0), caprinic (C10:0) and palmitic (C16:0). Ang
the FAs of nutritional interest and found in modastounts, the high concentrations were observethéor
miristic acid (C14:0), while the lowest levels fibre stearic acid (C18:0) was similar to those (%p%n
mare’s milk, as observed by Chiofalo & Salimei 20fxid by Chiofalo et al., 2003. The relatively high
content of FAs with 16 and less carbons could be wua synthesis of these FAs from acetate and 3-
hydroxybutirate, as in ruminants, and not from ghe&; as monogostrics (Duroe & Boulot, 1989). Among
SFAs, medium chain fatty acids (MCFAs) togetherhvpalmitic acid represent about the totality of SFA
From the nutritional standpoint, (MCFAs) undergefprential intestinal absorption vs long chainyfattids
LCFAs, which are present in very small quantitafiesionkey’s milk and in much higher quantitaties i
cow’s milk (Beermann et al., 2003).

Monounsaturated fatty acid MUFA found in greateamtity was oleic acid (C18:1) (Chiofalo et al., 200
2004) with anti-atherogenic and protective effarisendothelial cells (Massaro et al., 2002) as sésmin
the milk of Martina Franca donkeys (Pinto, 1998)eTcaproleic (C10:1) and palmitoleic (C167) acids,
showed lower quantity (2,20% and 2,37% respectjvghble 1.19) than milks of different breeds, heer
these acids reach higher levels in comparison thitise of the different asinine races (Pinto, 1988Y the
highest levels in comparison with those of otheimah species (Chiofalo et al., 1996). The sum & th
MUFAs percentages was 15,82% (Table 1.18), lowan that of each other species both non ruminant and
ruminant (Chiofalo, 2001).

Table 1.19 Fatty acid composition (%) of donkey milk (mea®®) (Chiofalo & Salimei, 2001).
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Fatty Acids| Mean| SD| Fatty Acids MearSD
Saturated Monounsaturated

C4.0 0.60 0.29 cCi10:1 220 0.16
C6.0 1.22 0.22 Ci2:1 0.2 0.10
C7:.0 Tracce) Cl4:1 0.22] 0.05
C8:.0 12.80 | 0.59 Cil6:a7 2.37 | 0.57
C10:0 18.65| 091 Cir:1 0.27 0.05
C12:0 10.67 | 0.49 C18d9 9.65 | 0.70
C13:0r 0.22 0.0 C20@11 0.35 | 0.10
C13:0 3.92 0.90 Polyunsaturated ®3

C14:0r 0.12 0.0§ (C18:3:3 6.32 1.02
C14.0 5.77 0.33 (C18.4:3 0.22 0.10
C15.0r 0.07 0.01 C20:3:3 0.12 0.05
C15:0 0.32 0.0§ C20:4:3 0.07 0.01
Ci16:0r 0.12 0.0§ C20:5:3 0.27 0.05
C16:0 1147 | 0.59 C22:5:3 0.07 0.p1
C17:0r 0.20 0.08§ C22:6:3 0.30 0.p8
C17:0 0.22 0.03 Polyunsaturated 6

C18:0 1.12 0.24 C18:2:6 8.1 0.94
C20:0 0.12 0.0§ (C18:3:6 0.13 0.03
C22:0 0.05 0.01 C20:2:6 0.33 0.10

Among polyunsaturated fatty acids PUFAs, in absofyiantitatiesp3 PUFAs contained in donkey’s milk
(746 mg/L) are slightly higher than human milk (68@/L) and much higher than cow’s milk (280 mg/L);
this is one of the chief point of interest in thmslk. However, in terms of percentage FA compositio
PUFAs content of donkey’s milk is higher than tbhuman milk and, particularly, of cow’s milk (Gakli

et al.,, 2010). In donkey’'s milk PUFAs showed a &mdistribution of thew3 (7,45%) andw6 PUFAs
(8,65%). Among these acids, the linolenic (C11= 6,32%) and the linoleic (C188 = 8,15%) acids
(Table 1.19) are the most represented componertteegbolyunsaturated class, which reached the aflue
16,60% (Table 1.18) (Chiofalo et al., 2003; 20@4). levels of this class in comparison with thoseotifer
animal species, except mare, showed the higheesalimong the essential FAs, the linolenic andléilco
acids show higher values than those observed imutménants (C18:@3 = 0,7-1%) (C18:36 = 1,8-2,1%)
(Chiofalo et al., 1996), but are comparable withsth (C18:b3 = 5-19%) (C18:386 = 5-10%) found in
mare’s milk (Duroe & Boulot, 1989). These data @nfthat in monogastric herbivora, like equidaes th
amount of unsaturated long chain FAs in milk isuredl to the amount consumed with forages: the absain
saturation and hydrogenation of FAs in the digestiact before absorption, as occurring in rumisacan

in fact explain the high content in linoleic anddienic acids (Duroe & Boulot, 1989). In donkey’'dknthe
PUFAs class showed small amounts of eicosapentdf®é) and docosahesaenoic (DHA) acids, whose
involvement is necessary in myelination procesddfalo et al., 2003). However the unsaturated fattids
UFAs content was 32,42% (Chiofalo et al., 2003;40®wer than that reported by Pinto (1998) inrfife
franca donkey’s milk (50,69%) but higher than thhserved in ruminant’s milk (19-26%) (Chiofalo ét a
1994; 1996). In donkey milk, no significant diffaee was observed for SFAs and MUFAs, while PUFAs
showed a significant variability during the lactewi probably to changes betwee PUFAs thano3
PUFAs, which instead showed stable values througtheuactation period (Chiofalo et al., 2004).

The ©3/06 PUFAs was 0,86 (Table 1.20) and it is similarthiat observed in the equine species (0,84)
(Salimei et al., 2006); however these species stidvigher ratio than that found in ruminants’ (0@145)
(Chiofalo et al.,, 1996) and human’s milk (0,07)ni®i 1998). It is interesting to note that in ldictg
donkeys, the transfer from blood to milk @8 PUFAs was found to be more efficient than thatw6f
PUFAs; this could probably be related to the ottiestination ofw6 PUFAs during the metabolic cycle
(constituents of adipose tissue, of trygliceridesaell as of membranes phospholipids), and fronetetic
point of view, this transfer enhances the nutriilocharacteristics of the milk (Chiofalo et al.,0Z). The
unsaturated/saturated ratio in donkey’s milk (0,d&ble 1.20) is similar to mare’s milk (0,65) (Mazzi et
al., 1998) and higher than that found in the rumis’amilk (0,26-0,38) (Chiofalo et al., 1994; 1996)

Table 1.20Q Fatty acid ratio of donkey milk (Meanz SD) (Chaéd & Salimei, 2001).

Mean| SD
Ratio®3/ w6 0.86 | 0.07
Ratio UFA/SFA| 0.48 | 0.0¢
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Donkey milk FAs profile also reflects dietary patteand with the fresh forage vs hay administratios
level of ®3 PUFAs are significantly higher, while6 PUFAs showed no significant differences between
treatment (Chiofalo et al., 2006b). This phenomerembe attributed that, in some polygastric anératur
anaerobic fermentation involving the rumen hydradiem of UFAs, resulting in saturation and formatif
SFAs; instead, in monogastric herbivora, like egaidhe amount of unsaturatated long chain FAsiliaim
related to the amount consumed with forages: tteerade of saturation and hydrogenation of FAs in the
digestive tract before absorption, as occurringuiminants, can in fact explain the high contentinoleic
and linolenic acids (Duroe & Boulot, 1989).

Consequently, the quality indices, Atherogenic 18,86-0,81) and Thrombogenic IT (0,64-0,79), are
correlated to pathological phenomena such as theafion of atheroma and/or thrombosis, therefore
expression of animal welfare, despite being highan in the vegetable oils, appeared significalayer
than those of cow’s milk. For these reasons, doskeytk can be considered a “functional food” (Clailw

et al., 2003; 2004). In fact, compared with rumisamilk, a low content of SFAs which together wah
high UFAs content found in donkey’s milk, make itremely useful in prevention of cardiovascular,
autoimmune and inflammatory diseases (Chiofalo &inga, 2001). The significant content of the3
PUFAs can counteract the above-mentioned pathaotfieough the synthesis of anti-inflammatory,
antiaggregant and non immunosuppressant substdil@edipidic mediators (eicosanoids), prostaglarsdi
(PGER) and leukotrienes (LT#, cytokines, interleukins and tumor necrosis fextorhesew3 PUFAs
characteristic constituents of the fish oils, coailsb have an interesting role on the outcome efjtafts, on
some kinds of tumor, on the bodily and neuropsycti@/elopment (William, 2000). Besides, the
considerable percentage of MCFAs influences theditetion phenomena and, together with the SCFAs,
determine an increase of the anti-oxidative deferméghe organism. In this direction, some Authposted

out the role of donkey's milk in the osteogenesiscpss and in the atherosclerosis dietotherapyhen
rehabilitation of the patients with coronary headisease (Chiofalo, 2001). However donkey’s mills ha
limits which, if supplemented by appropriate nuitfe could optimize its role of “functional foodThe
major limit is represented by its low fat conte8alimei & Chiofalo, 2006), and it is also charaizted by
the low presence of some LCFAs as coniugated lin@eids (CLA) (Doreau et al., 2002), responsilie f
the wide variety of beneficial effects (anticarcgenic, antiatherosclerotic, antidiabetic effects)veell as
arachidonic (C2046) and DHA (C22:®3) acids, particularly represented in the membrasfeservous
cells, in the external segments of the retinal presteptor and in the acrosome of the spermatokeeefore
essential during the neonatal development of timeoos tissues as well as of retinal tissue andocprtive
apparatus (Cocchi, 2000). It must be noted thatadiesupplementation with vegetable or marine oils
changes the FAs profile of donkey milk, even thduighhas a negative o null effect on the milk fat
percentage (Salimei et al., 1996). Increased intakesoluble fibre also affect the donkey milk FAs
percentage and reducing the totdl PUFAs content (Chiofalo et al., 2006a;b). Soelewof w6 andw3
PUFAs should be in the same range as those foutminman milk to ensure the best effects on growth,
cognitive development and visual acuity and to tlithe side effect due to the lack of balance betwe®
andwe3 (Gastaldi et al., 2010).

1.8.1 Donkey milk Triglycerides

The knowledge of the composition of milk lipids, terms of molecular species of triglycerides (TAGs)
fundamental in order to explain the physical prtipsr nutritive and organoleptic characteristics dme
biosynthetic pathways of milk fat (Morera Pons kt 8998). The little literature at disposal (Dugbal.,
2005) underline some quali-quantitative differenicethe FAs typology that form the donkey’s milk GA

in comparison with those of human and cow milk.

The peculiar TAGs distribution of donkey’s milk agll as mare’s milk is largely due to the high prese of
capric acid that is recovered in 18 TAGs out off2%5s identified. Moreover, the milk fat of donkelycsvs

a TAG pattern with 30-54 acyl carbon atoms, as waslimare’s milk, in relation to the high content of
medium and long chain FAs. The most frequent TA@ponents found in donkey milk are: palmitic-oleic-
linoleic (6.69%), palmitic-oleic-oleic (6.22%), maitic-palmitic-oleic (5.25%), capric-palmitic-oleic
(4.63%), palmitic-oleic-linoleic (4.48%) and palioipalmitoleic-oleic (4.18%) (Dugo et al., 2005)hé&r
composition of the TAG fraction of human milk shotthat the main components are: Palmitic-oleic-oleic
(24%) and palmitic-oleic-linoleic (19%), followed, lpalmitic-palmitic-oleic, palmitic-palmitoleic-ole and
linoleic-oleic-oleic present in amounts rangingnir@ to 8% (Morera Pons et al., 2000). These reshlisv a
certain degree of qualitative similarity in the TAfaction of these two products, both very dissamirom
the composition of cow’s milk, where the main coments are butyric-palmitic-oleic, butyric-palmitic-
palmitic and butyric-myristic-palmitic and where GA containing PUFAs (linoleic and linolenic aci@sg
not found (Gresti et al., 1993). This observationld be explained by the absence in donkey smi@éiime

of isomerisation and hydrogenation processes of jpiikw to absorption and esterification in the lpd
also could confirm the nutritional value of donkmaitk fat composition in relation to human health.
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Moreover, according to Morera Pons et al. (2008, ttend of TAGs in donkey’s milk during the laaat
(Chiofalo et al., 2006a) show a certain degredroflarity with that of TAGs profile in human milksn fact
during the lactation, some TAG species (caprylmi@linolenic, caprylic-palmitic-oleic, oleic-linelc-
linolenic and capric-palmitic-oleic) also recoveiliechuman milk, show relatively constant levels aodld
thus be considered as markers of donkey milk TAGler It has also to be noted that concentratiohs
other TAG species (capric-caprylic-palmitic, cagvaimitic-palmitic, and palmitic-palmitoleic-oleiojary
considerable (Chiofalo et al., 2006a) and consetyuérese may be understood to be especially atebly
external factors such as dietary intake, nutriticstatus etc. (Morera Pons et al., 2003) which d¢ddve
changed the availability of some FAs involved ia IPAG synthesis in the mammary gland.

In donkey’s milk, the position of FAs on glyceradkbone is very similar to that of human milk: tfast, in
conjunction with the relatively high content of n@d chain triglycerides (MCT), makes this lipids in
donkey’s milk, through quantitatively modest, highlioavailable. Palmitic acid is present in donlesiilk

in position 2 of the glycerol (72.9% of the tota} observed in human milk (74.8%), whereas forcthwe's
milk the position 2 of the glycerol is esterifiegl the oleic acid (Gastaldi et al., 2010). It hasrbeeported
that an high 2-palmitoyl TAG content in the lipica€tion increases fat absorption. For the spetjfiaf the
pancreatic lipase towards the primary ethereal botite digestion of donkey and human milks permits
greater absorption of the palmitic acid like mongglycerides, while, during the digestion of thewts
milk, the palmitic acid, set free from the glycerbind itself to the calcium present in the intestilumen,
precipitate as calcium soap, and therefore is éxdrehrough the faeces with consequent a twofold
nutritional damage: the loss of palmitic acid afidalcium (Fidanza & Liguori, 1988) from the body.
However, the low lipid content, together with a Ipercentages of EPA, DHA and AA make donkey milk
inadequate as an exclusive food in infants forfitise year of life; nevertheless, the better qyatit the lipid
pattern in donkey’s milk versus cow’s milk might keathis milk a better substrate to produce formulas
(starting or follow on) to be used for feeding efwborns and infants in the early months of lifetHis case,
the defattening process usually applied for cowilk,mvould not be necessary and a formulation wqukt
require a slight increases of DHA, EPA and AA, whiare especially necessary for adequate growth,
neurological development and cardiovascular hdalitlamiz-Echevarria et al., 2008).

1.9.1 Use of donkey’s milk in pediatric diet: the ole of donkey’s milk in the treatment of allergy to
cow’s milk protein

The term allergy or hypersensitivity is used fomome-mediated reactions, and the term intoleramicadn
immune-mediated reactions (Pelto et al., 2003). imeamediated reactions may be immunoglobulin (IgE)-
mediated or non-IgE-mediated, whereas intolerancay rbe enzymatic, pharmacologic, metabolic
deficiencies and food poisoning. The terms alleagyl hypersensitivity are used variably in literatur
normally the term allergy is used in infants anddrkn, while hypersensitivity is used in adults &xlverse
clinical reactions based on any type of abnormahime response to milk as an allergen. The ubigfity
fresh dairy products and the availability of milkvpder resulted in significant increase in proteswis milk
intake and this has probably increased the numbgatents allergic or intolerant to these proteifke
protein content of cow’s milk is higher than humanlk (3.2% vs 1%) and the proteins are mainly
represented by caseins (80%) and in lesser amoynwhey proteins (20%) (against 40% and 60%
respectively in human milk). Cow’ milk proteins atlee first source of foreign proteins given in lkarg
gquantities to an infant, and in the immature intestit may provoke allergic reactions (Sampson, 999
Cow's milk contains several proteins known to béeptial antigens: they can be generally classiietivo
major groups: caseins and whey proteins (Restaali,e2002). Becausg-Lg is absent from human milk, it
has long been considered the most important of €awilk allergens (Savilahti & Kuitunen, 1992), but
several studies have demonstrated that the caseitiohs, too, have an important allergic poter(fidliraro

et al., 2002). Moreover, the heat treatments, atepezation, and the homogenization do not elitairibe
allergenicity of cow’s milk proteins (CMP) (Host994; Chiarelli & Di Michele, 2007).

Cow's milk protein allergy (CMPA) is a common diseaoccurs in infancy and childhood involving
approximately 3% of children below the age of thyears (Host & Halken, 2004; Sampson, 2004); the
incidence of CMPA ranges from 0.3 to 7.5% in popatabased studies in different countries. Howeirer,
most cases this allergy does not last a lifetimmgesduring the years the child can acquire theréwice to
milk and its active ingredients. Although the mdjorof children (80-85%) allergic to CMP acquires
tolerance by fifth year of life, approximately 15fopatients with IgE-mediated CMPA keep this alieadso

in the second decade of life, and 35% of patierilissivow allergic reactions also to other foods.ttese
patients APLV, from infancy to schooling years, @es a serious problem of food security which tf@%o

of cases) may evolve into a state of multiple fatidrgy (Sampson, 2004).

Symptoms of CMPA can appear immediately or starésédours or even days after the intake of modeoate
large amount of cow milk. CMPA can cause symptofmgoiable severity which can affect the skin (atop
dermatitis, urticaria, angiodema), gastro-intestimact (food refusal, status-weight growth retdiala
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gastro-esophageal reflux, diarrhea, vomit, pensistonstipation, gastritis, eosinophilic gastroeitite
enterocolitis). All this may determine histopathgital lesions of the intestinal mucosa which areyve
similar to those found in celiac disease (intestiribous atrophy) with repercussions on healthilutite
malabsoprtion. Other symptoms concerning the ratply system (chronic rhinitis, pneumonia, asthma,
hypotension and anaphylactic shock) (Murch & WalRkerith, 1988; Carroccio et al., 2000a; lacono &
D’Amico, 2001).
The therapy for CMPA consisting in eliminating CN¥®m the child’s diet, which has to be replacedhwit
appropriate substitute. It is very important to o from the diet of children allergic to CMP alfsmds
containing hidden sources of these proteins whiehoften used as additive in many foods such asiités
ham, soups. The elimination of allergenic proteionf nurse diet is important in breast feeding chitd
because traces of CMP were found in human milkéfrhother follows a free diet (Cant et al., 1986stet
al., 1990). Since the nutritional needs of thectll the first two years of life (and especiallythre first
year), when human milk is unavailable or insuffitieare satisfied by cow’s milk, pasteurized or [Hdd
formula, and by its derivates, since the childsfigs the 50% of the nutritional and energy requaats
(especially with regard to the calcium requiremeihiich is very high in this age) with these foods, i
becomes necessary to choose an alternative formhileh should ideally have the characteristics of:

« hypoallergenicity (protein contained in the milkostitute should not be recognised as “enemy” by

immune system which would not cause any type ef@dinic reaction after ingestion;
e non cross-reactive with cow’s milk (the proteinamiilk substitute should not be structurally similar
to those of cow milk, otherwise the immune systeact against them);

e nutritional adequacy;

« palatability (pleasant taste is an important regaint in view of the young age of patients);

e low cost.
At present the ideal formula, meeting all theseurggnent at once, does not exist, and nor is tiagre
international consensus for which formula shouldttesidered first choice in treating CMPA when neoth
milk is not available.
Hypoallergenic alternative to breast milk have bgeoposed through the years and include extensively
hydrolysed formulas (eHF), amino acid formulas (AARd soy formulas.
eHF, industrial milk protein — based products treatéith proteolitic enzymes, are recommended worldwide
as first choice for CMPA treatment (or for the diberapy of CMPA patients) by the European Sodiety
Paediatric Allergology and clinical Immunology (E&®!), the European Society for Paediatric
Gastroenterology, Hepatology and nutrition (ESPGHIANost et al., 1999) and the American Academy of
Pediatrics (AAP) (American Academy of Pediatrican@oittee on Nutrition, 2000).
These formulas are currently the most used suteditof CMP. They derived from hydrolysis of casai
whey protein of cow’s milk but are not tolerated &l patients with CMPA because they may contain
residual allergenic epitopes (Hill et al., 1995% Fegard their nutritional adequacy, even thoubhy tare
able to ensure an appropriate height-weight grothitsiy palatability is low, being inversely proportal to
the hydrolysis degree. In the first months of lifeis does not represent generally a problem biatar life
unpleasant and bitter taste can cause a complicatitaking these formulas. Furthermore, their €@se
high, even if lower than the amino-acid formulaaif@lho et al., 2001; Host & Halken 2004).
According to ESPACI-ESPGHAN guidelines, only amiaeid formulas AAF) can be considered
completely hypoallergenic, because the immune sysi&n not recognize the protein from which the amin
acids are derived. They are therefore indicatedeiveral clinical manifestation of CMPA and of mpiki
food allergy, including soy and eHF. As regards thgritional value, the AAF ensure a normal height-
weight growth; their palatability is similar to thaf eHF, because their flavour is unpleasant, tiétren
especially the older ones, but sometimes even tisifaver six months refuse to assume them even thoug
sweetened or mixed with fruit. Another problemhs tost, which is significantly higher than eHF §tet
al., 1999; Sampson, 2004; Host & Halken, 2004).
Soy-protein-based formulas (SFhave been subject to several discussion duringehes, especially for the
risk of allergy to their proteins, which occurs kvid rate ranging from 8% to 14% of children witltig
mediated CMPA. ESPACI-ESPGHAN does not generalgommend its use for the initial treatment of
infant and young children with CMPA, in whom soyot&in allergy has been reported with frequencies
between 17% and 47% (Host et al., 1999; Host & El@lR004). SF are also contraindicated for thertreat
of infants with some forms of non IgE-mediated CM®i#th gastrointestinal sympthoms as in enteroliti
enteropathy and in proctolite (AAP, 2000). Accoglio AAP, if tolerated, these SF represent an &ffec
alternative to cow’s milk in infants older than shonth. In fact, several studies have shown itsittarial
adequacy, as well as a normal height-weight gra@amtha regular bone mineralization in term infaat@n if
they are used for long periods. On the other hénredSF are contraindicated in preterm infants, onv they
can cause poor growth; the high aluminium contemtraindicates its use in both preterm subjectsiand
patients with renal disease. These formulas alsgtago from two to six times the concentration of
manganese compared to cow’'s milk which may haventia long-term effects on the central nervous
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system; in these formulas some physiologicallyvactubstances are also present, as phytoestrogeose
long term effects are not yet clear. Palatabilitg aliscrete costs, are instead in favour of SF évtuet al.,
2002).

Today, the continuing danger of allergic reactiats even to those foods considered apparently sefie
high costs and unpleasant taste have made necéissawarch for alternative foods.

For these reasons, in the last years other nombaviammalian milks (goat, sheep, mare, camel, ddnke
has been studied to identify the best natural gubstor human milk (Belloni-Businco, 1999; ; Egamy et
al., 1997; Businco et al., 2000; Muraro et al.,20Restani et al., 2002).

As regardgyjoat’s milk, it has been shown that this milk with a lowerhaasein content is less allergenic
than cow’s milk. This protein could act as a carf@r other allergenic proteins in cow’s milk, gs.g,
which closely linked to casein micelles, is mor#iclilt to digest. The low content of alpha casgirgoat’s
milk ensures, therefore, a better digestiofi-afg and other allergens (Bevilacqua et al., 200ilPilo et al.,
2011). However many studies (Muraro et al., 20@farite et al., 2003; Pessler et al., 2004) havevstibat
goat's and sheep milk are contraindicated as theiteins have shown, for common epitopes presence,
extensive cross-reactivity (>90%) with CMP bothvitro and invivo. In goat milk, the high content of
protein and minerals, particularly calcium, phogpisp sodium and potassium than human milk couldltres
in excessive solute load for the infant’s kidnay.alddition, goat milk is nutritionally inadequateecause
deficient in folic acid, B6 and B12 vitamins andrr(with a consequent risk of anemia for extensise)
(Restani, 2004). No data is available on the philitip, but this is better than hydrolysates. Thostcvaries,
because there is no a global market for this nidflagria et al., 2010).

In many part of the world (North-East Africa, MiddEast, Arabian Peninsula and Chicajnel milk is used
as a substitute of human milk in bottle fed babi@amel’'s milk contains only 2% of fat, especially
polyunsatured fatty acids and it is rich in microbients. As human milk, camel’s milk does not camfa
Lg, allergenic whey protein present in ruminantkrahd for low or nan vitro cross-reactivity with CMP
represents a valid alternative to cow’s milk foildten CMPA above the two years of age. No data is
available on the palatability, but it is reasonabigre pleasant than hydrolysates. However, thi& imls
main disadvantage, the difficult of supply in ItéQi Pillo et al., 2011).

Mare’s milk appears to be more promising as in compositionmtuch closer to human milk than cow milk
(Muraro et al., 2002; D’Auria et al., 2005) anchés been found to be tolerated by some childref2%24
patients - 96% tolerability) with severe IgE-mediCMPA (Businco et al., 2000). However there awe f
clinical studies concerning the allergenicity antetability of goat's and mare’s milk and their ués are
controversial (lacono et al., 1992; Belloni-Busiretcal., 1999; Businco et al., 2000) and for mareikk its
availability is limited and collection is difficult

Donkey’s milk, as mare’s milk, has a chemical composition amgoleptic characteristics more similar to
human milk than cow’'s milk (Guo et al., 2007; Salinet al., 2004a; Vincenzetti et al., 2008). Sayats
found to be a valid alternative to both IgE and igi-mediated CMPA and to multiple food allergycats
soy and eHF formulas, with favourable effects olatadility and weight-height gain in an increasmgnmber

of clinical trials (lacono et al., 1992; Carroceal., 2000a; Monti et al., 2007; Vita et al., 20Uesse et al.,
2009), although the mechanism of this tolerancelyikelated to the protein composition, has nothestn
fully clarified.

Donkey’s milk is more available than mare’s milklialy; it was evaluated initially in 1992 by theogp of
Prof. lacono, in a clinical study performed on fairts with multiple food allergies, for whom humanilk
was not available. This food was well toleratedaliypatients (9/9- 100% tolerability), who have tooed

to tolerate donkey’s milk for the entire duratiohfallow-up (15-20 months).The authors have algworéed

in this study the good palatability and nutritiormlequacy of the milk (lacono et al., 1992). Ineaand
study, donkey’s milk was evaluated in 2000 by theug of Prof. Carroccio, in a clinical study perfad on
21 children with severe IgE-mediated CMPA and rpldtifood allergies also to eHF and amino acid
formulas. This food was tolerated by 18-21 pati€B82% tolerability), who have continued to toler#tes
milk for the entire duration of follow-up (1-8 yerwithout any allergic reaction and resumptiorgafwth
parameters. Moreover, in this clinical study, dosikenilk was well tolerated by patients with intcdéce to
goat’'s milk and sheep’s milk, confirming the pod#ip of lack of cross-reactivity between naturallks of
different origin (Carroccio et al., 2000a). In 208 group of Prof. Vita published a study on tise of
goat’s milk and donkey’s milk in 26 children (agen®nths-3 years) with atopic dermatitis (AD) and EM
The children were randomized to goat and donkeylk far 6 months, then switched to the other mitk f
further 3 months. At the end of the study, 23 oftBBdren did not tolerate goat’s milk, while ordye of 26
children did not tolerate donkey’s milk with 88% tflerability for this milk. So this study reporat
Equidae milk could be an appropriate alternativedw’s milk, but is the first demonstration thatnitey’s
milk is better tolerated than goat’s milk, whichinsturn still largely used (Vita et al., 2007) n8larly, Monti

et al. (2007) demonstrated the tolerance of dorskentk (82.6%) in a selected population of chitd(88/46
patients, age 12-149 months) with CMPA, for whomwadis not possible to use any cow’s milk substitutd
because of their concomitant multiple food allesgieequired a substitute food that was palatabl® an
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tolerated, as well as being nutritionally valid. Monti’s study, the efficacy of donkey’s milk inefating
highly problematic children with cow’s milk allegiwas valuated also ivivo and the degree of cross-
reactivity with donkey’s milk proteins was very vikeand aspecific. Recently in 2009, the group offPro
Tesse also investigated the tolerance and nutaitistequacy of donkey’s milk in 30 children (agménths-
11 years) with IgE and non IgE mediated CMPA. 24p2fients (96% tolerability) tolerated this milkcan
showed an adequate increase in weight and lengtarst Auxological data also resulted improved Hogy t
end of the study in all patients, while biochemiaati metabolic parameters did not vary during tew-
up (4-6 months) (Tesse et al., 2009). These autlardvionti et al. (2007), concluded that the effect
growth of donkey’s milk is related to its ability fill some nutritional gaps present in the dietltd subjects
treated.

Other authors, as D’Auria et al. (2011) have foanthse of growth impairment and nutritional deficies in
a five-month infant fed by unmodified donkey’s milfor its low lipid content and a low caloric valire
addition to a very low iron content. However, thare no clinical studies with an adequate statistiesign
to evaluate the nutritional efficacy of donkey’dkmat least in the first year of life.

These clinical studies evaluated donkey’s milk raibdlity that seems quite good, even if it did achieve
the 90% tolerability value required to define a bgitergenic formula. If in a multicenter study, #ey’'s
milk was tolerated by at least 90% of children WitkIPA, it could be considered a natural “hypoaléamg”
food for CMPA therapy, in accordance with the intional guidelines. In this way, donkey’s milk mag a
valid alternative, especially for children with riiple food allergies, with clear advantages in temf cost
and palatability in relation to the only alternatiavailable for these patients, represented by amaaid
formulas. If it were possible to optimize the protion, the milk’s cost could be lower: in fact, thee of this
milk is today limited by the high cost, intermedidtetween eHF and AAF cost, and by difficulty afdiing.
The use of donkey’s milk for therapeutic purposealso hampered by other factors, such as thectitinof
asinine species, reluctance for use by parentsjcaletdsk related to the administration of uncontemal
therapy, risk of infection related to hygiene o food (animals not controlled for human consunmtio

1.9.2 Use of donkey’s milk in the prevention of calio-vascular and autoimmune diseases

The donkey’s milk is characterized by a low fat teany, where the lipid fraction contains elevatedbants
of essential fatty acids (EFAs). These fatty a@ds found in donkey’s milk in concentrations higliean
those ruminants, perhaps due to the absence obdwuation, a biochemical process of the rumen igctiv
(Chiofalo et al., 2003). Polyunsatured fatty acgds¢ering into the composition of cell membranefuance
the oxidation and transport of cholesterol, redgdis concentration. They facilitate the enzymaiitivity
and the production of biologically active substamceicosanoids and cytokines, which in turn regulat
interactions among cells. The EFAs are involvethasynthesis of prostaglandins, which have a kéyin
various bodily functions such as hormone synthesispconstriction, regulation of pain and inflamiomt
Moreover, these EFAs, in particular those belondimgs3 and w6 classes have a fundamental role in
preventing and inhibiting either cardiovascular antbimmune diseases because:
- they avoid the accumulation of more unsafe lipiclso(esterol and triglycerides) on the arteries,
blocking the hardening of blood vessels;
« they protect the cardiovascular system: the bloadarmore fluid, better circulates, removing the
risk of coronary heart disease, hypertension, aedgrosis and thrombosis;
» they attenuate inflammatory reactions such as rlagoith arthritis and other inflammation and
asthma;
« they promote the vitality of central nervous systerells, with antidepressant functions, but also
of the retina and of the reproductive functions;
« they enhance the immune system and reinforce th&sslefences;
< they aid in the treatment of psoriasis and othar dlseases;
« they act on the microcirculation (useful for ceatieilland edema);
« they facilitate the anti-inflammatory responseifguries or infections.
Several studies have also shown that lysozyme ikedomilk has many physiological functions, inchugli
inactivation of certain virus, immuno-regulatory tigity, anti-inflammatory and anti-tumour activity
(Ibrahim & Aoki, 2003; Salimei et al., 2004a; Zhaegal., 2008). In fact, Ye et al. (2008) investaghthe
anti-tumour and anti-angiogenesis effects of nestyated marine lysozyme both ¥itro and invivo, and
showed that marine-derived lysozyme specificallyibiited the proliferation of endothelial cells (ES@),
and markedly inhibited tumour growth in mice begraither sarcoma 180 and hepatoma 22. In Mao et al.
(2009) study, an high content of lysozyme in donkalk may contribute to its anti-proliferative amahti-
tumour effects on A549 human lung cancer cellsiiro. Donkey milk active components, (whey protein
fractions with a Molecular Mass > 10KDa), as lysoey reduced the viability of A549 cells in dose-
dependent and time-dependent manners either girbgtlapoptosis or indirectly through the secretadn
molecules (with anti-tumour activity), responsilidé lymphocytes and macrophages activation. Activate
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macrophages are considered as the pivotal immuesaft host defence that inhibit tumour growth. The
tumoricidal activity of macrophages is mediated mhaithrough nitric oxide, cytokines, interleukinada
tumour necrosis factors.

Mao et al. (2009) study has shown that donkey mdive fractions could stimulate cytokine productio
from lymphocytes and macrophagesvitro. These cytokines are contributory to an immun@aase and
are influential upon the maturation, anti-prolifésa and differentiation of A549 tumour cells. lact, the
significant suppressive effect of donkey milk oe giroliferation of A549 tumour cells is partly #itrted to
the promotion of differentiation of A549 cells inbmrmal cells. However, donkey milk whey proteirhigh
possesses potent anti-proliferative activity, mayehpotential in the treatment of lung cancer,calthin
vivo evidence would be required to determine any sadsiple actions.

1.9.3 Digestibility of donkey milk protein and itsuse for gut regulation, particularly for the defence of
the low immune system of children, elderly and theonvalescent

In vivo digestion of milk protein is initiated in the staoh by pepsin and, in young animals, by chymosin.
Coagulation of milk in the stomach delays the dégtian of proteins and allows for their better asksition

by the body. Degradation of casein is slow but esitee and while3-Lg is relatively resistant to gastric
proteolysis,a-La is readily hydrolysed when the gastric pH & @avalle et al., 1988). The structure of the
coagulum formed in the stomach depends on the rcasgitent of ingested milk; high casein milk yields
firm, tough clots. Species that nurse their youhdrequent intervals (horses, humans, donkeys) ymed
dilute milk with a casein content <60% of the tqtabtein and the coagulum formed in the stomacofs
and disintegrates quickly (Oftedal, 1980). The poshemical differences between human and bovine
caseins result in the formation of different tyméscurd in the stomach and because the proteirilg@rof
equidae milk (horse and donkey) is quite similathat human milk, equidae milk may be more appeipri

in human nutrition than bovine milk. Turner (194%mpared the digestibility of equine, human andit@v
milk based on the average percentage conversiacidfinsoluble protein to acid-soluble protein dari
digestion. Equine and human milk have a much Idwefering capacity than bovine milk and, while etpii
milk is very digestible, it was slightly less saathhuman milk but significantly better than bovimdk.
Turner (1945) concluded that both equine and humitnform soft curds in the stomach which pass tigto
the digestive tract more quickly than bovine milkka Kalliala et al. (1951) also reported that therall
digestibility of equine and human milk (by in-vitexperiments) appeared quite similar and both wasger

to digest compared to bovine milk. Human milk forfing, soft flocs in the stomach with an evacuatiome

of 2-2.5h, whereas bovine milk forms compact handis with a digestion time of 3-5 h.

Digestion of milk proteins from different species, donkey, has been also studiediiro through a two step
simulation using human gastric and duodenal enzymggigstad et al., 2010; Tidona et al., 2011)e3&
studies showed that the overall digestibility of@ia is high and comparable for horse, donkey, gnat
and human milk, the percentage of undigested casdier gastric and duodenal steps being 4%, 7%, 4%
6% and 5% respectively. However, after gastric stiga the percentage of undigested caseins wassalmo
double for cow and goat caseins compared with hange human milk (Ingligstad et al., 2010). The low
protein and casein content of donkeys and marek might be the reason for the last digestible tese
compared with high casein predominant milk of otepecies such as cow and goat. In human milk, the
casein degradation during the gastric step wasfaktaoat low pH (linglingstad et al., 2010). La&tafn in
milk from the same specie is also highly digesteokvever, similarly to cow and goftLg, horse and
donkeyp-Lg is resistant to gastric enzymes although afigestion with human duodenal enzymes only 25%
and 30% of3-Lg remain intact respectively in horse and donkelk, compared with the high concentration
observed for cow (64%) and goat (62%) milk. Thesoeaof major digestibility of this protein in horaed
donkey milk is thatf3-Lgs are present as monomers in equidae at norrill pH compared with the
corresponding dimeric form in ruminant milk (Ingdtgd et al., 2010; Tidona et al., 2011). In Eqaglwell

as cow and humam-La were very resistant to gastric and duodenadgtign, with a percentage of intact
protein at the end of the process ranging from 22%5% (Ingligstad et al., 2010; Tidona et al., 201
Lysozyme from equid milk is also relatively resigt#o digestion with 64% and 75% of undigested giroin
horse and donkey milk, respectively (Ingligsta@let2010; Tidona et al., 2011). There is a clazeetation
between the vivo digestion of human milk proteind & vitro digestion with human neonatal gastuicé.
Differences in digestibility of potential milk aligens (Ingligstad et al., 2010; Tidona et al., 20irlamount
and distribution of nitrogen components (Uniackewecet al., 2010; Salimei, 2011), and in primarycture

of milk proteins (Cunsolo et al., 2011) may helpplein the hypoallergenic properties of equid milk
compared with milk from conventional dairy species.

Donkey milk provides an array of defence factorsof@ns), such as lactoferrin, lactoperoxidase,

immunoglobulins and lysozyme that confer high hypgiequalities (Coppola et al., 2002; Zhang et2008)
to the milk, contributing to its low bacterial c@mtration (16 CFU/ml). In the same time they also have the
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capability to kill or inhibit a large spectrum o&gmhogen microorganisnSgilmonella cholerous, Scighella
dysenteriae) (Zhangh et al., 2008),Bécillus cereus, Staphilococcus aureus, Enterococcus faecalis and
Escherichia coli pathogenic strains) (Nazzaro et al., 2010; Tidanal.e 2011), providing the neonates an
immune protection against infections (Baldi et 2005), mainly diarrhea.

These occurrences are generally much lower in bfedsinfants that in formula fed infants. However,
according to Tidona et al. (2011) the antimicrolaativity of donkey milk might result from a syn&tc
effect of substances, possibly peptides releasedydstrointestinal enzymes together with undigested
proteins, as lysozyme. Lysozyme in donkey milk esmdrom 100mg/100mL (Vincenzetti et al., 2008),
which is consistent with data on horse milk (Dor&Martin Rosset, 2011), whereas only traces wetmd

in bovine milk (Salimei et al., 2004a; Guo et &007). Lysozyme in equid milk is highly thermo-d&ab
(Coppola et al., 2002; Di Cagno et al., 2004) @rdattivity is intense against Gram-positive baatend
much weaker on Gram-negative bacteria, as deschpdthato (2003). Moreover, donkey milk lysozyme is
very resistant to acid and protease digestion,imdain this way a significant role in the intestinammune
response (Tidona et al., 2011). According to Nazzdral. (2010) and Tidona et al. (2011), donkelk mi
contains many antimicrobial components further thaozyme. They are essentially functional peptides
released from caseinf-(and as;-CN) and whey proteing3(Lgs) during a simulated digestion process or
fermentation invitro. These bio-molecules released during the digegire¢eolysis could have important
nutritional values and physiological roles (antibgtensive, immuno-modulating, oppioide, antithrotid)o
as well as contributing to the antimicrobial adtivof donkey milk (Nazzaro et al., 2010; Tidonaadt,
2011).

In a vitro study simulating gastrointestinal digesstof donkey milk, Bidasolo et al. (2011) iderdii onel3-

CN derived peptide with potent angiotensin conngréénzyme (ACE)-inhibitory activity. Small protetty
fragments of both bovine and human lactoferrin hHaeen shown to exhibit antimicrobial (bactericidatd
bacteriostatic activities, the latter of which wasught to deprive microorganism of iron (Tomitaakt,
1994).

In conclusion, donkey milk contains different prtee antimicrobial factors, including peptideserted
during the digestion process, that can exert aftoempact on gut health, particularly for thea immune
defence system of children, elderly and the comsealet, which cannot be fed either with the humalk mi
and are also allergic to other milks (Nazzaro gt24110; Tidona et al., 2011).

1.9.4 Use of donkey’s milk in geriatric diet

The low fat content of donkey’s milk, the highedtey protein content (easily assimilated by the imenu
system), minerals, probiotics, growth factors, homes and the high lactose content (important iflitisting

the calcium absorption) have led to postulatestsin the defined “healing” feeding of the elderly.

It found that the consumption of cow’'s milk and drivates in adulthood is greatly reduced, pdrégause

of gastrointestinal disturbances, and althoughntbst common cause is considered to be the defiwiuat

of the enzyme lactase, which hydrolyzes lactose,pitesence of allergy in elderly patients shoult be
excluded. The milk and derivatives have an impdrtarthe in human nutrition for the prevention and
correction of osteoporosis. Atherosclerosis anéastrosis, which have a high incidence in the éider
perhaps seen in bad nutrition (diet poor in prosiecintaining calcium and rich in saturated fats®, more
important reason.

The inability to digest lactose, the main milk syday the involved enzymes (for lactase deficiengich
can affect 10-60% of the population), especiallpdulthood, leads to limit or abolish the use ofibe milk
and derivatives. The patients complain of abdomia@h and tension, flatulence and diarrhea whenrtitle

is consumed. However, recent studies have foundntfamy patients who do not consume milk and dairy
products for these disorders, have a normal akditgfigest lactose (Carroccio et al., 2000a; D’Aonét al.,
2007).

It was assumed therefore, that the protein comdéntow milk could be responsible for the symptoms
experienced by patients who self-define intoletantilk. So it should be considered in the eldethg
possibility that there is an allergy to CMP, a fieqt condition in children, who, with increasingeag
generally acquired immunological tolerance towalisrgenic foods. However, many studies suggestatd t
this is not true and the symptoms of hypersensjtimay persist in childhood and adulthood (Carrocsti

al., 2000b). Any study, to date, evaluated the iptesppresence of CMPA in subjects who reported an
intolerance to milk but that, normally adsorb la&toSo in subjects auto-defined milk intolerarg, dbolition

of the product assumption results in a reducedydatake of calcium, leading in predisposition to
osteoporosis. The use of donkey’s milk is thereforémportant defence therapy in children with CMé&#d
can, consequently, be offered to adults (also w#fteoporosis) whose symptoms may be due to the same
disease.

In the elderly, the donkey’s milk carries positiefects in the treatments of atherosclerosis, énrétovery

of myocardial infracted, in cases of premature @gind in hypo-cholesterolemic diets. Thereforeggular
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intake of donkey’s milk, for its low content of sahted fatty acids and high content of polyunsatatdatty
acids, especiallga3 repairers of nerve cell membranes, plays a ptexeaction in respect of the cardio-
circulatory districts, preventing the formation atherosclerotic plaques and reducing the risk afrthe
diseases due to increases in blood flow and pregsuthe onset of heart attack (Carroccio et &002;b;
Chiofalo, 2001; Salimei et al., 2004a; D’Amico &t 2007).

1.9.5 Use of donkey’s milk in Dermocosmetics

The pool of substances contained naturally (asnéysin donkey’'s milk are used for combating and
preventing the process of skin aging through:

e a stimulation of metabolic activity of fibroblastby reactivating the process of endogenous

production of collagen, elastin and hyaluronic aeitlich form the support structure of the dermis;

e anincrease in skin hydration to give tone andtiess to the skin;

e a protective action against free radicals whichfarsmed continuously.
Therefore in cosmetics, donkey’s milk is used fsrdleaning and hydrating action (characteristicany
milk): fat's micelles dispersed into the aqueousponent of the milk reach easily the dirt particld®e
aqueous part leaves dirt from the micelles anddtedrthe treated part) combined with an antioxidatibn
(due to the presence of polyunsatured fatty agidismins A, B and E, lysozyme and other active costg)
that prevents the aging. In fact, the fat contandénkey’s milk nourishes the skin and give it sefts and
comfort, also because the essential fatty acids) as omega 6, help the skin in the vitamin abgwpSo,
they leave the skin elastic and are useful in tlevgntion of cutaneous diseases, as eczema andgisor
because these fatty acids have anti-inflammatotipra@nd are able to restore and protect the shilular
membranes. The multivitamin complex A, B, C andi&cks and removes the catabolites of the skin lzellu
metabolism and begins a protector action of skiard/specifically, Vitamin C is an important antidait in
cosmetics and in this way helps the slow of then slging and accelerates the mechanisms of healing.
Vitamin E is known to be essentially an antioxidemtich slows the skin aging and contributes to istalnf
cell structures, reducing the risk of skin disea3é® minerals contained in donkey’s milk are ukafuhe
cleaning of skin, because they move away the delig, ¢eaving on the skin surface only the livingls.
They may also influence cell growth, improve thekdems of capillary fragility (with anticouperosada
anti-irritation effect) and they limit and redudeetsigns of dark circles. Regarding the lysozymehows
antiviral, anti-inflammatory and healing propertaed it is ideal for treatment of skin lesionscéwe delicate
skin and lips and to calm irritation symptoms (bng; itching). Lactoferrin and lactoperoxidase hav&ead
bactericidal and fungicidal action useful to puréfgne and oily skin, high antioxidant power whiebtpcts
the skin against free radical attack or stress {(dwdemical damage and UV radiation in the atmesph as
well as having healing and lenitive properties gfhekin healing and stimulate the renewal of tissu€le
whey proteins complex contained in donkey’s milk tize ability to be absorbed and deposited gragoall
the skin surface to form a film with a effect fillehich acting on the relaxation and contractionmfscles,
facilitates the prevention of classic skin wrinkl@he effect is developed through the formatioraofery
thin elastic film which retreating because of wateaporation exerts a tension effect on the skith wsible
and durable results. Even the high lactose conitedbnkey milk has a soothing and hydrating effaod
draws by osmosis an increased inflow of blood &oskin tissue, improving nutrition and elasticity.
However, in order to enhance the cleaning and mmozshg abilities of donkey’s milk, cosmetics has
developed formulation such as soaps, creams andébhths where the milk is not used fresh butzieee
dried. The freeze-drying of donkey milk for cosrostis preferred, because it is only process whitduees
100% stability and preservation over time, a hyiesafety and a true integrity of active compoumdthe
finished product (Orsingher, 2011).

1.9.6 Use of donkey’s milk in the daily diet

The donkey’s milk is used in the common daily déstpecially in subjects at dietary regime, in spartd in
the elderly, given its reduced lipid content. Itdalso used to replace the common cow’s milk in the
production of ice creams and creams in the comfeetly industry required by people with allergy or
subjected to diet.

The donkey’s milk not only may represent a precisasrce of nutrients but also of probiotic micrcamgm,
able to make beneficial effects to the body and themonstrating the functional properties of milke
probiotic microorganism isolated in donkey milk esally belong to genus of Lactobacillus and
Bifidobacterium (Shah, 2001), which according te dfficial report of FAO/WHO 2001, are living orgam
which administered in adequate amounts{if UFC/mI product), are able to make a health benefthe
host organism”. Probiotics are microorganism rasisto the action of gastric acids and bile saltsich they
meet along the gastrointestinal tract; thus thesehhe ability to adhere to the intestinal mucasa @olonize

it, remaining so numerically dominant in relati@enptathogenic or undesirable microorganisms. Theyaio
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able to enhance the host body’s immune defencsysaémic and mucosal level, and produce metabolites
with trophic effect on intestinal epithelium (budye) or inhibiting the growth of pathogenic micrganism
(bacteriocins); finally, among other beneficial pecties of probiotics, it is worthy mentioning thbility to
improve the cholesterol metabolism, and to growmilk or other fermented foods.

For this reason, today, donkey milk (raw) is des@jwith the aim to isolate and identify microbipksies
with probiotic activity. In particular, a study waarried out, isolating lactic acid bacteria stsafassentially
Lactobacillus brevis strains and_actobacillus plantarum strains), which possess a good ability to suriive
conditions such as the resistance to bile salteufald0%) and simulated gastric juice (about 75%je T
presence of probiotics in donkey milk may be, tfare an interesting prerequisite both from heajbjnt

of view and from an applicative point of view. lact, in addition to using the isolated probiotics a
fermentation starter for different industrial pretians, it is possible to suppose the use of tiséaseer for
the formulation of yogurt and dairy products mad#hwonkey milk (Kefir, koumiss). The fermentatiaith
selected probiotic strains, naturally occurredhi@ taw food, could have positive effects on theanaleptic
properties and texture of the final product (Naazetral., 2007).

1.9.7 Use of donkey milk for a fermented beverage@duction with lactobacilli

Equid milk, as donkey milk, can be considered adgabstrate for probiotic beverage production. U$e of
fermented horse milk is an ancient tradition intc@EnAsia (Mongolia, Siberia, and Kazakhstan), veher
Koumiss or airag are considered beverages withtthpabmoting properties (Uniake-Lowe, 2011). A nlove
Bifidobacterium speciesBifidobacterium mongoliense sp. nov. has been isolated from airag (Watanabg, et
2009), while a novelactobacillus casei strain, Lb. casei Zhang, is under investigation for its probiotic
potential (Guo et al., 2009).

Bacteriocins produced by lactic acid bacteria iragihave recently been isolated and characteriged b
Batdorj et al. (2006).

Koumiss, a lactic-alcholic beverage derived fronretamilk, is an effective combination of raw midind
indigenous microbial populations, mainly Lactic dcBacteria LAB and yeasts, whose diversity is of
increasing interest (Di Cagno et al., 2004).

Koumiss is the national drink of the people in cain@sia and is also quite popular in countriesdeoing the
Russian federation. It has been suggested that ksumas probiotic properties and has even prestabsea
cure for patients with various diseases in Rushiapitals. It is practically unknown in the restEdrope
and the Western world (Chiavari et al., 2005). Kaams also rich in ACE-inhibitory peptides, suptrugy
the clain of its beneficial effects on cardio-vdacinealth (Chen et al., 2010).

The chemical-physical and microbiological properté the raw donkey milk demonstrated that it hagga
lactose content, a low microbial load {XOFU/mL essentially represented by LAB which cansgid about
80% of the milk flora) and an elevated contentysblkzyme which makes it somewhat selective with ndga
to the bacteria it can host (Chiavari et al., 200B)fact, the growth of LAB (and also fungi) at°ZD
suggested that the natural antimicrobial substaricedonkey milk could not control these kinds of
microorganism and thus this milk (for its hygiemied probiotic effects) could be used as a very duask
ingredient for preparation of fermented probioticaherapeutic milk beverage as suggested by Capgiol
al. (2002).

However, effective measures should be taken todauadesirable fermentative acidification of raw kmil
caused by LAB and fungi. According to Zhang et(2008), the refrigeration temperature (+4°C) migat
an effective measure to control the microorganismainly fungi which are not influenced either byeth
natural antimicrobial substances and by low tentpeza

Chiavari et al. (2005) and Coppola et al. (2003jartined the possibility of producing a fermented/érage
from donkey’s milk using the probiotic bacteriatashs of Lactobacillus rhamnosus naturally present in
donkey milk or isolated from other dairy productscording these authors, the raw milk used for the
fermented beverage, was subjected to pasteuriz@RHC for 30 min) as an additional safety measunizh

did not have any effect on the anti-microbial atfivconfirming the elevated thermostability of the
lysozyme. Pasteurized milk (after cooling at 37t@s been inoculated with some straind adtobacillus
rhamnosus, with probiotic properties. The probiotic stramfs LAB used for fermented beverage production,
after an initial adaptation phase, must have a bighwth degree (FOCFU/ml), even after fermentation and
storage, representing almost all of bacterial auritethe final beverage, even after 30 days off dife and
despite the high concentration of lysozyme eitheghe raw milk and in the thermically treated milk.

The fermentation provides good results, eitheemms of cellular viability and in terms of presemdesome
metabolites in the final product. From a microlgedwth point of view, the product is a probioticdagives
beneficial effects on consumers’ health, if it eesua microbial count of about®a0® (Shah, 2001).

The presence of $@CFU/mI of probiotic lactic bacteria is sufficiettt ensure the daily intake suggested by
Vanderhoof & Young (1998), even with limited consatian of the beverage.

It is interesting to note thatactobacillus rhamnosus strains remained highly viable after 15 days ofage

at 4°C and at low pH (3.7-3.8), thus demonstratmde a good candidate for probiotic foods. Thehhig
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lysozyme content only partially influenced the gtbwf the strains tested without any significarfeef on
their acidifying activity (Coppola et al., 2002; i@tari et al., 2005).

Moreover, strains of Lactic Bacteria that confezgsant sensorial traits to the fermented prodwciuaed.
Texture and flavour of fermented horse and donkdi, ron the other hand, may be a constraint to the
acceptability of the products, so that fortificatizith Na-caseinate, pectin and threonine or thditimeh of
flavours can enhance the rheological and sensaaiitgDi Cagno et al., 2004; Chiavari et al., 2D0Obhe
production of fermented milks by means of a statided manufacturing protocol should be considered
crucial for consumers and markets, according t&€&gno et al. (2004). However, good quality Kounigss
produced when lactic and alcoholic fermentatiorcpeal simultaneously so that the products of feratiemt
occur in definite proportion (Berlin, 1962). Durifigrmentation, 0.7-1.8% lactic acid, 0.6-2.5% etiiaand
0,5%-0.9% CO2, volatile acids and other compoumdsf@med that are important for aroma and taste. U
to 10% of the equine milk proteins are hydrolysé&era96h but the far remains unchanged (Berlin,2t96
Tamine & Marshall, 1984). Koumiss is a milky, gréizzy liquid with a sharp alcohol and acid tassein,
1962; Tamine & Marshall, 1984). Products with vagyamount of lactic acid and ethanol are producet a
generally 3 categories of Koumiss, mild, medium ateng, are known, and it is thought to be more
effective than raw milk in the treatment of varidlleess due to probiotics and peptides and baztki
substances from microbial metabolism (Doreu & MaRiosset, 2002).

Finally, donkey milk is a possible basis for a fented beverage, as it contains several advantageous
qualities, such as a low microbial counts and Higtozyme content, as well as being a vehicle fer th
consumption of probiotic bacteria. Further studiesy be warranted in order to select other bactetiains
with probiotic properties that are even better a&giépo donkey’s milk.
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2 AIM of THE WORK

In Europe, especially in Italy, the worry of a dhtive loss of asinine species has drawn attentibthe
scientific world and local authorities, not onlyr fis maintenance but also for productive enhanceras
incisive tool to ensure the “survival” of the dogkever time. So, the Community Agricultural Polibgs
allowed the revival of small donkey farms to retgethe original strains and promote the reproductié
different animals avoiding, in this way, the graldextinction of asinine species. In the last ye#rs,loss of
asinine genetic patrimony and the demand of a Higrganic and nutritionally adequate milk, have
stimulated the interest of many breeders, mainltheinner areas of the Italy, which have rediscedehe
donkey breeding, as important for environment anditsersity.

The increasing of the donkey breeding made possiljeod availability of this milk arousing the gtiéic
world’s interest. In order to have a greater spredonkey’s milk, the research is essential teemirithe
breeder towards a correct diet of animal and bremmte suitable for the milk production in respecanimal
welfare to achieve a donkey’s milk with excellemtritional characteristics. At the same time, itherefore
important the collaboration of the scientific anédital world, in order to begin an information’sygaaign
on the properties of this food.

The preservation of asinine breeds is due to ddskeyntegration in programs of social and economic
interest, such as, onotherapy, onodidactics, omistayonocosmetic and onomilk (milk production).fet,
donkey’s milk, is a natural product attributablecetegory of pharmafood/nutraceuticals useful faldecen
and adults (Gatti, 2007).

In addition, in the production of milks for infanthe cow’s milk is humanized by decreasing thetgino
content (3.2% in cow’s milks 1% in human milk) and inverting the CN:WP rati®{30 in cow’s milkvs
40/60 in human milk). This type of technology regsi heat treatments which, nevertheless, can cause
changes to the basic components of the milk (lagtpsoteins, vitamins, minerals) resulting in atem of

its organoleptic characteristics and reductiortobiological and nutritional value.

For this reason, in recent years, the intereshefdcientific research was aimed at enhancing title oh
other species (donkey), as substitute for bredktand bio-functional food.

Since the knowledge about the genetic profile afikiy proteins (casein and whey proteins) of animals
reared in Italy is very scarce, as well as theeevary few experimental evidences of the expresisoel of
the individual milk proteins, the present reseanas aimed to filling this gap and to relating itttee milk
nutritional quality.

The aim of this PhD thesis is placed in this copteamely the quali-quantitative characterizatidpimtein
fraction of donkey milk important for its use irfamt feeding and in patients with cow’s milk proteillergy.

As a potential experimental methodology for thenitfecation and characterization of complex mixtuke
proteins, such as caseins and whey proteins ettdicim individual samples of donkey milk, was preged
the proteomic approach. This methodology is basedhe combination of analytical and instrumental
techniques highly efficient for the separation sihine proteome’s components, in particular:

< Electrophoretic techniques which separate the pr®t&ccording to different principles (net charge,
isoelectric point, molecular mass) either one-disiemal (PAGE pH 8.6, SDS-PAGE, UTLIEF)
and two dimensional 2-DE (PAGEUTLIEF; IPG—-SDS-PAGE). The proteins separated with
various electrophoretic system can be identifiethwhe classic Blue Coomassie staining or by
immunostaining with specific polyclonal antibodipsoduced against each protein fraction and/or
by mass spectrometry analysis of spots excised &lentrophoretic plates;

e Chromatographic techniques with high resolution, RR-HPLC also interfaced to mass
spectrometry (LC-ESI-MS, MALDI-TOF-MS, ESI g-TOF/N$or the identification of the protein
components.

On the basis of the advantages recognised in infaittion of the use of donkey milk, dietary and
therapeutic properties of which have been knowsesincient time (Oftedal & Jennes, 1988) the ptesen
study was carried out to examine not only qualitathut also quantitative characteristics of donkeik.
Thus, in the present work, the milk protein conteat determined by Kjeldahl method and the CN:Wi® ra
was determined by electrophoretic technique (SD&PAcoupled with densitometry, while the relative
percentage of each individual casein and whey prat@mponent isolated from individual milk sampless
determined by integration of HPLC peaks.
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3. RESULTS AND DISCUSSIONS

3.1 Topic/theme 1: characterization of donkey millcaseins

At present, compared with bovine milk, the chanmdztdion of donkey milk caseins is at relativelyrlga
stage of progress, and only limited data are reldte its genetic polymorphism. In this work the
heterogeneity of donkey “caseome” was investigatgidg proteomic approach. This study carried out on
milk proteins, as caseins, is aimed to the charizat#on of their molecular composition (primarywstture,
disulphide bridges and other post-translational iffeadions as phosphorylation and glycosylationjieh
can justify both their functional properties (sdlitip, clotting aptitude, thermal denaturation) amdktritional
quality (amino acid composition, digestibility, bictivity).

3.2 Materials and methods 1

All chemicals were of the highest purity commeigiavailable and were used without further purifica.
Tetra-methyl-ethylene-diamine (TEMED), 2-mercaptaeiol, ammonium persulphate, glycine, glycerol,
TRIS (hidroxymethyl-amino methane), SDS (sodium eyl sulfate), acetic acid, methanol, urea,
ammonium bicarbonate (AMBIC), HPLC grade H20, farnaicid (FA) and acetonitrile (CH3CN) were
purchased from Carlo Erba (Milan, Italy). Trichlaaetic acid (TCA), Trifluoroacetic acid (TFA), siraig
acid (SA), a-cyano-4-hydroxycinnamic acid (CHCA), iodoacetamid®), dithiothreitol (DTT), 3f(3-
cholamidopropyl)-dimethylammorniiel-propanesulfonate (CHAPS) were obtained from iald(St. Louis,
MO, USA). Modified trypsin, sequencing grade wasnir Promega (Madison, WI, USA), alkaline
phosphatase (AP) was from Roche (Mannheim, Germdbglysis tubing with molecular weight cut off
(MWCO) 12-14.000 Da was from Medicell Internatiohatl (London, UK). Amicon® Ultra centrifugal
filters 3.000 MWCO and ZipTip™ C18 micro columns webtained from Millipore (Bedford, MA, USA).
Acrylamide, bis acrylamide, Ampholine buffers wefeom GE Healthcare Amersham Biosciences
(Buckinghamshire, UK). Coomaassie Brilliant BlueBE) R250 and G250 were purchased from Bio-Rad
(Richmond, CA, USA).

3.2.1 Donkey milk sampling (sample Casein preparain)

Milk samples collected from 77 donkeys reared imddieé and southern ltaly (Abruzzo and Sicily) were
analysed individually. The milk was defatted by tcéingation, at 4000 rpm for 30 min. The fat layeas
solidified at —24°C and drawn up. The casein fraction was prextgut from skimmed milk at pH 4.6 with
sodium acetate/acid acetic buffer and separated fre supernatant by centrifugation at 4000 rpm3f@r
min), as described by Aschaffenburg & Drewry, 195Be sodium caseinate precipitate was washed twice
with the buffer, dialyzed against water and finaftgeze-dried and stored aR0°C before use. The
supernatant, containing the whey proteins, aftémgoeecovered by centrifugation (4000 rpm for 3G)rat
room temperature, was dialysed in tubing with malaccut off 12,000-14,000 Da and subsequentlyzéee
dried and stored at —20 °C before use.

3.2.2 Polyacrylamide gel electrophoresis (PAGE) aH 8.6

Sample Preparation: Casein samples (20 g/L) for electrophoretic anslygere dissolved in 9 M urea
solution 9 M, containing 2-mercaptoetanol (1 ml/A}L. 100ul of this protein solution, 1Q0 glycerol 87%
and Jul bromophenol blue were added. 10 of this casein solution were loaded in the gel foe
electrophoretic run.

PAGE analysis at pH 8.6: polyacrylamide gel electrophoresis (PAGE) at pH ®#s carried out with a
vertical electrophoretic apparatus (Protean II,-Bad, Richmond, CA, USA) at 200 V and 6°C for 7h
according to the procedure described by Chianesal.et2010). Briefly, this electrophoretic techréqu
provides a polyacrylamide gel named “stacking g8P% T and 1% C) containing 3.6 M Urea, 75% (w/v)
glycerol in 0.5 M Tris-HCI at pH 6.8. The “stackimgl!” is stratified on another polyacrylamide gaihmed
“running gel” (7.5 % T and 2.5% C) containing 6.1Mea and 1.5 M Tris-HCI at pH 8.6. So, the paransete
which define the gel composition are T, sum of lEsnyde and bis-acrylamide (g/100 ml solution) andhe
percentage ratio of the bis-acrylamide compareid.tdhe size of the pores is determined by T, witile
crosslinking degree of the gel is expressed by g&cHically, a T increase determines a reductiorihef
pores size and the separation is influenced bgiteeof the molecules. The polyacrylamide gelsodtained
by co-polymerizing acrylamide and bis-acrylamidéwi,N,N’,N’-tetrametiletilenediammina (TEMED) and
ammonium persulphate (PER) added in a final comagan of 0.04% (v/v) and 0.07% (w/v), respectively
as activator and catalyst of polymerization reactibhe migration buffer consists of 0.19 M glyciard
0.025 Tris with a pH 8.6. The gel staining was perfed with 0.05% (w/v) CBB R-250 dissolved in a
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mixture of 50% (v/v) methanol and 7% (v/v) acetiida followed by destaining in a solution contaid0%
(v/v) methanol and 10% (v/v) glacial acetic acid.

This technique allows to separate proteins accgrthntheir net charge, negative or positive, dependn
the used pH.

3.2.3Ultra-thin layer isoelectric focusing UTLIEF (on polyacrylamide gels) analysis

Sample Preparation: Casein samples (20 g/L) for electrophoretic asialywere dissolved in 9M urea
solution, containing 2-mercaptoetanol (1 ml/L). d0of these solutions were loaded on the gel and fze
UTLIEF analysis.

UTLIEF analysis. Ultra-thin layer isoelectric focusing (UTLIEFnh@olyacrylamide gels (1&258x0,25
mm) was carried out according to the procedure libese et al. (2010). Briefly, the polyacrylamiid
with the pH gradient in the range 4.2-6.0 was olgdiby mixing 1% (v/v) Ampholine buffers 4.2-4.9%
ul), 4.5-5.4 (40Qul), and 4-6 (25Qul). UTLIEF analysis was performed with LKB Multipt® 1l instrument
(Pharmacia LKB, Bromma, Sweeden) at 10°C and thetrphoretic analysis consists of three steps: pre
focusing (2000 V, 15 mA, 4 W, 30 min), focusing lwithe sample (2000 V, 15 mA, 4 W, 60 min), final
focusing (3000 V, 5 mA, 20 W, 130 min). After thiecrophoretic run, the fixation of the protein daron
the gel was carried out by gel's immersion in 20#)(trichloroacetic acid solution. The gel wasirstal
with CBB G-250 as described by Krause et al. (1988)s technique allows to separate proteins adagrd
to their isoelectric point.

3.2.4 Two-dimensional (2-DE) electrophoresis analigs(PAGE - UTLIEF) and (IPG - PAGE-SDS)

The 2-DE (PAGE.UTLIEF) procedure was achieved by combining thst fiimension PAGE gel with the
second dimension UTLIEF gel; in particular, an amstd strip of gel PAGE, rinsed twice in distille@ter
and in 9M urea with mercaptoethanol 0.01% (v/v)sw@plied along the cathode of prefocused UTLIEF
plate.

For 2-DE analysis (IPG PAGE-SDS), the first step is the rehydration phakere 33Qig of casein sample
was dissolved in 450uL of solution containing 9M urea, 2% (w/v) [8-cholamidopropyl)-
dimethylammoni¢-1-propanesulfonate (CHAPS), 65 mM dithiothreitDIT(T), ampholytes 3.5-10, 0.001%
(w/v) bromophenol blue.

A pre-cast immobilized pH gradient gel strip (IP@g with a linear pH gradient range of 4-7 (IPG
ReadyStrip pH 4-7, length 18 cm; Bio-Rad, Richmo@d, USA) was placed in the Protean IEF Cell (Bio-
Rad, Richmond, CA, USA) and was rehydrated withghaein solution for 16 h at 20°C without voltage.
For the first dimension, the focusing was perforrae@0°C in three steps: in the first step a vataf500 V
for 1 h was applied to remove excess salts; insdend step a voltage of 1000 V was applied fothemo
hour and in the third step, a voltage of 8000 V wapplied for 5 h. The current limit per IPG-stri@msv50
MA. Subsequently, IPG strips were equilibrated formiin in Equilibration Buffer | (0.375 M Tris-HCIHb
8.8, containing 6M urea, 20% (v/v) glycerol, 2% WSEDS, 130 mM DTT). After 15 min, the strips were
alkylated in Equilibration Buffer Il (0.375 M TrislCl pH 8.8, containing 6M urea, 20% (v/v) glycerd¥o
(w/iv) SDS, 135 mM IA) and applied on 12% SDS-PAG&sgusing a Protean Il apparatus (Bio-Rad,
Richmond, CA, USA) with the procedure described_-bgmmli, (1970). For this second dimension, the gel
were run at 120 Volt for 20 min and then at 200t\fol 6-7 hours. When the gels were not submitted t
western blotting, proteins were stained with CBB2B0. The gels were destained until the proteinsspot
became evident and the gel background transparent.

3.2.5 Immunoblotting analysis

This analysis is based on cross-reaction betweeifgp polyclonal antibodies produced against the
individual casein fractionsisl-, as2-, 3- and k-CN (or casein peptides) and their respective antg
Specifically, this technique allows to identify thmdividual casein fractions according to the sfieity
shown by specific polyclonal antibodies producediagt these casein fractions after immunizatiorabbits
with the individual caseings1-,as2-,[3- andk-CN or their casein peptides.

The reagents for immunoblotting were: PBS buffes% NaCl, 3.9% NakPO,, pH 7), wash buffer solution
and saturating the membrane “blocking solution’ufeq serum at 10% v/v in PBS), development bufdes (
mg/ml diaminobenzidine in 10 mM Tris-HCI 0.1 M pkb70.6 mg/ml NiC} 1%).

Forimmunoblotting analysis, the casein fraction sefgar@ither by electrophoretic analysis were transte
by capillary diffusion from the gel into a nitrokdbse membrane (0,4in, Trans-Blot, Bio-Rad, Richmond,
CA, USA). Immunodetection was carried out accordmghe procedure already described by Chianeak et
(2010), using rabbit polyclonal antibodies agaidenhkey synthetic peptides reproducing the C-termina
sequence ofis;-CN (187-202)0s,-CN (206-221)3-CN (211-226) and porcine-CN as primary antibodies.
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The synthetic peptides and the pora€N, the latter fractionated by RP-HPLC, were whig¢ ovalbumin
through the sulphydryl group of the C-terminal ottédminal cysteine residue, according to the praced
described by Mattson et al. (1993). The conjugafesvalbumin were used as antigens by Primm (Milan,
Italy) to immune two rabbits and thus to obtainhialpolyclonal antisera against these casein frasti
Finally, the antisera obtained after the animaésitth were filtered using 0.45 mm filters (Millipoigedford,
MA), divided into aliquots of 1ml and stored-£20°C.

For immunodetection, nitrocellulose membrane wasibated for 1h with specific primary antibody dédt

in Wash Buffer. This step was followed by incubatiwith second antibody, preceded by washing of the
membrane with the same wash buffer solution “ biloglsolution”. As secondary antibody, the polyclona
antiserum produced by goats against the rabbit 496 peroxidase-conjugated (Goat-Antirabbit antibody
conjugated to peroxidase, Bio-Rad, Hercules, CA} waed. After 1 h of incubation with the second
antibody and washing with “wash buffer”, the menmaras immersed in the solution for the developnoént
the colorimetric reaction. This phase was carrigidoy adding hydrogen peroxide.

3.2.6 Reversed-phase high performance liquid chroniagraphy (RP-HPLC) analysis

The HPLC system was provided by Kontron Instrum@iilan, Italy) and is constituted by two pumps
model 420, an injector of the sample (loop |0 and a DATA SYSTEM 450 for the chromatography’s
management and for the integration of the peaksaséthe chromatograms.

The casein samples were fractionated by RP-HPLE 2MTP54 fim Vydac G, 250 mmx 4.6 mm internal
diameter column (Vydac, Hesperia, CA, USA) anddbtection was at a wavelength of 220 or 280 nm with
a UV detector Kontron (Mod. 430). The solvent useste: solvent A and solvent B. Solvent A was 0.1%
(v/v) TFA in ultra pure water and solvent B 0.1%vjVTFA in acetonitrile. 5QiL of a solution containing 4
mg (casein sample)/ mL (solvent A) were loaded @04 column, equilibrated with solvent A. The Elat
program involved a gradient from 34 to 42% sol@rih 35 min, then from 42% to 100% B in 2 min, with
flow rate of 1 mLmin'. Each eluted casein fraction was manually coltbcfeeeze-dried and stored at
-20°C.

This technique allows to separate proteins accgritirtheir hydrophobicity.

3.2.7 LC-ESI-MS analysis

The molecular mass determination of native or dephorylated caseins (as donK&{€Ns) was carried out
using a single quadrupole instrument LC-ESI-MS. cHpmally, liquid chromatography/electrospray mass
spectrometry (LC-ESI-MS) was performed using an BPmodular system (HP1100-MSD, Agilent
Technologies, Santa Clara, CA, USA) with UV detectmterfaced with a single quadrupole mass
spectrometer equipped with a electrospray sour&#) @hd monitored by HP Chem Station software fer t
acquisition, analysis and processing of the mpsstg.

The casein samples were fractionated by RP-HPLE 213TP54 im Vydac G, 250 mmx 4.6 mm internal
diameter column (Vydac, Hesperia, CA, USA) andUhedetection was at a wavelength of 220 nm. Solvent
A was 0.1% (v/v) TFA in ultra pure water and soltvBn0.1% (v/v) TFA in acetonitrile. 2QL of a solution
containing 10 mg (casein sample)/ mL (solvent AyeM@aded into a £column, equilibrated with solvent
A. The elution program involved a gradient fromt8442% solvent B in 30 min, then from 42 to 55%mB i
15 min, at a flow rate of 0.4 mLmih

The ESI mass spectra were scanned in the posittivemode, from 800-220&vz at a scan cycle of 5
sec/scan. The source temperature was 120°C andriffee voltage was 40. Mass values are reported as
average masses. Signals recorded in the massapent associated with the corresponding caseteipso

on the basis of the molecular mass, taking intoabteount the reported amino acid sequences of gonke
caseins available on database Swiss-prot (ExPAS&g@mics server).

3.2.8 Dephosphorylation of the casein fraction

An aliquot of the casein fraction was dephosphaegausing alkaline phosphatase from bovine intaktin
mucosa (Mamone et al., 2003). In detail, the caaution (casein sample or casein fraction) wasalved

in 0.4% NHHCO; aqueous solution, pH 8.5, at a concentration aingdmL and then boiled at 100°C for 3
min to deactivate the plasmin. The enzyme was sdubilised in 0.4% NEHCO; aqueous solution, pH 8.5,
at a concentration of 1 mg/mL and added at a mefenyme/substrate ratio 1:25 to casein solution. The
enzymatic reaction was started by addition of1600f enzyme solution (1 mg/mL) to 9@ casein solution
(10 mg/mL). This final solution was incubated at@®vernight and the digestion was stopped by ingez

3.2.9 Trypsin enzymatic digestion
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The digestion of the caseins from electrophorgimts was carried out following the procedure regebtty
Mamone et al. (2003). Briefly, the spots from staigel were manually excised with a clean scapateg

in a Eppendorf tube and twice washed withi&OMilli-Q water. Each gel piece was completely @désed
(spots become white) by immersion into a solutiom® NH;HCO;in 50 % (v/v) aqueous acetonitrile. The
destained spot was dehydrated by submersion irdtomitrile, and dried under vacuum after acetdaitri
removal. The dried gel was covered by 8050 mM NH;HCGO; containing 12 ngil trypsin maintained in
an ice-cold tube. After 45 min action, the supeanttvas removed and incubated overnight at 37°@. Th
resulting tryptic digest was extracted in 40 of acetonitrile/5% formic acid solution (1:1 v:ahd then the
volume concentrated to a tenth in a vacuum cegiffor the mass spectrometric analysis. Careful
precautions are important to avoid gel contamimatith foreign proteins. As regards the tryptication of
each isolated casein fraction, collected by RP-HPL@as dried using a Savant concentrator (Spegci-V
Milan, Italy), lyophilized, denatured and alkylateéfore trypsin hydrolysis. Briefly, each isolategsein
fraction (for example donkegtsi- or B-CN) was denatured at room temperature, in a guaniduffer (6M
guanidine in 0.5 M Tris-HCI with 1 mM EDTA) at pH 8ubsequently, disulfide bridges were reducedfby o
10 mM/L DTT for 60 min at 56°C. SH groups were dpgently alkylated with 55 mM/L IA in the above
guanidine buffer, and maintained for 30 min in tlaek. With the aim to remove the reagents, thelatéy
casein was ultra-filtered on Amicon® Ultra filteB®00 MWCO, centrifugated at 4000 g for 25 min and
washed with 50 mM NEHCGO;, pH 7.4. The retentate solution containing thefima alkylated casein (as
Os- or B-CN), was added of trypsin (dissolved in the sawlat®n of 50 mM NHHCO;, pH 7.4) at 1:50
(w/w) and incubated overnight (approximately 14h37°C. The digestion was stopped by froze20¢C).

3.2.10 Matrix-assisted laser desorption/ionizationime-of-flight-mass spectrometry (MALDI-TOF-MS)
analysis

MALDI-TOF-MS experiments were carried out on a Vgga DE-PRO mass spectrometer (PerSeptive
Biosystems, Framingham, MA) equipped with aldker (337 nm, 3 ns pulse width) operating botlinear

or in reflector positive ion mode, using the Deltraction technology. Mass spectra were acquit m
positive linear or in reflectron mode and using &#d CHCA dissolved in aqueous solution of 50% (v/v)
ACN containing 0.1% (v/v) TFA, at a concentratiohl® mg/mL, as matrices for the analysis of pratein
and peptides, respectively. MALDI-TOF-MS analysfdrdact proteins were obtained in linear positiva
mode over then/zrange 10000-30000 and were averaged from aboulia$g0 shots.

As regards peptides analysis, the mixtures of icypéptides were subjected to desalting/concentrattep
with Zip-Tip C;g pre-packed micro-columns (Millipore, Bedford, MASA) previously equilibrated with
aqueous 0.1% TFA (v/v), prior to analysis by MALDGF. Each spectrum was taken with the following
procedure: fiL of sample is directly loaded on a stainless spéste together with |1 of the matrice. Mass
Spectra were obtained in reflectron positive iordmover amvz range 600-4000 and were averaged from
about 150 laser shots. External calibration wadopmed by acquiring separate spectra of a mixtdre o
standard peptides (PerSeptive Biosystems).

The identification of donkey caseins and their &l peptides was carried out using the known casein
available on Swiss-prot database (ExXPASy prote@®iver) of Swiss Institute of Bioinformatics (SIa&)d
with the online software FINDPEPT (website: httpuiv.expasy.org/tools/findpept.html).

3.2.11 Electrospray quadrupole-time of flight-masspectrometry (ESI-Q-TOF-MS/MS) analysis

Tandem MS (MS/MS) data were obtained using a hypuddrupole-orthogonal acceleration time of flight
Q-STAR instrument (Applied Biosystem, Foster CiA) equipped with a nanospray source (Protana,
Odense, Denmark), operating in positive ion modeéedsamples were resuspended in 0.1% TFA, purified
from residual salts by loading into ZipTipdReversed Phase pre-packed micro-columns (Milligeéford

MA, USA), and introduced in the source through Isidicate needles, gold coated (Protana Odense,
Denmark). The capillary voltage used was 800 V. lidewcharged ion isotopic cluster were selecteddiggu

the quadrupole mass filter and the induced to fiegnby collision. The collision energy was 20 toeN),
depending on the size of the peptide. The collimiuced dissociation was processed by using Ah&lys
software (Appied Biosystems). The deconvoluted MS/8pectrum was manually interpreted with the help
of Analyst 5 software.

3.2.12 Chymosin Hydrolysis
For chymosin hydrolysis, caseins (20 mg/mL) wergsalived in 0.1 M sodium citrate buffer, pH 6.0. For

hydrolysis reaction, the rennet’s solution was pred adding 10QL of HANSEN rennet in 5 mL sodium
citrate solution 0.1M, pH 6.0.
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30 pL of this chymosin solution was added to 1 mL piroteolution, and the hydrolysis was performed at
37°C for 2 h. To stop the reaction, the pH was elesed by adding 1 mL of 24 % (v/v) TCA. The prdeitgi
obtained after adding TCA solution and centrifugatiwvas used for the preparation of electrophoretic
sample.

3.2.13 Polyacrylamide gel electrophoresis-Sodium Mecyl Sulphate (PAGE-SDS) analysis with
Fluorescent Glycoprotein detection and immunoblotiig

Sample Preparation: donkey casein samples (before and after chynfogirnolysis) or whey protein samples
(20 g/L) were dissolved in 9M urea solution conitagn2-mercaptoetanol (1 ml/L). 2Q@. of a denaturing
solution (0.062 M Tris-HCI, 2% (w/v) SDS, 5% (vf8)mercaptoethanol, pH 6.8) andl%romophenol blue
were added at 1Q0 of the protein solution. The protein samplesematidding the denaturing solution and
bromophenol, were heated at 100°C for 5 min. VolsiofelOpl of this final sample were loaded in the gels.
PAGE-SDS analysis: PAGE-SDS was carried out with a vertical electraetic apparatus (Protean I, Bio-
Rad, Richmond, CA, USA) according to the proceddescribed by Laemmli, (1970) using a 4%
polyacrylamide stacking gel in 0.5 M Tris-HCI bufigH 6.8) and 18% or 15% polyacrylamide resolving
running gel in 1.5 M Tris-HCI buffer (pH 8.6) indlpresence of 10% SDS. The polyacrylamide gels were
obtained by co-polymerizing acrylamide and bis-Eanide with N,N,N’,N’-tetrametiletilenediammina
(TEMED) and ammonium persulphate (PER) added, ctispedy, as activator and catalyst of polymerizatio
reaction. As molecular standard, a low moleculaigivestandard kit (LMW Calibration kit, AmershamEG
Healthcare, UK) was used. Electrophoresis was paegd at constant voltage 200 V (for about 6 h)hia t
migration buffer containing 0.2M glycine, 0.025 Mi§and 0.1% SDS. The gel staining was performed wi
0.1% (w/v) Coomassie Brilliant Blue CBB R-250 dissal in a fixative solution (50% (v/v) methanol and
7% (v/v) acetic acid), followed by destaining im@ueous solution containing 30% (v/v) methanol &0%
(v/v) glacial acetic acid.

Staining of glycoproteins fixed in the gel with acetic/methanol solution was carried out with Fasoent
Glycoprotein Detection Kit (GlycoProfile Ill, Sigmaldrich, St. Louis, MO, USA), where the carbohyidsa
on the proteins are oxidized to aldehydes withquici acid. A hydrazide dye is reacted with the hidkes,
forming a stable fluorescent conjugate. This alldarsthe specific, sensitive detection of the giyameins
directly in gels.

The immunoblotting with specific polyclonal antiied against each donkey casein fraction was caougd
according to the procedures described in paragsahb.
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3.3 Results and discussion 1
3.3.1 Characterization of donkeyns;-CN by PAGE pH 8.6 and immunoblotting analysis

The most representative and individual donkey casamples Coomassie Brilliant Blue stained (FigA3.
were compared to cow counterparts on the basiseif telative net charge at alkaline pH by PAGE!ysis.
The results obtained after specific immunostainiitl the polyclonal antibody againat;-CN (Fig. 3.1B)
allowed to detect this casein fraction.

By comparing the two species each other, donkgyCN exhibited a lower and reversed anodic mobility
than its cow counterpart. The PAGE analysis ofrfpresentative donkey caseins, either with Blue &ssie
(Fig. 3.1A) or specific polyclonal antibody staigirfFig. 3.1B) also showed a complex heterogeneity o
donkey as-CN due to the detection of several immunostainechponents, where the maims;-CN
components (4-6) essentially exhibited an interatedianodic mobility between donky and as-CN.
These immuno-electrophoretic results also showedvanlap between;;-CN andas,CN, although minor
as;-CN components were essentially found at anode.

However, the compositional heterogeneity of donkgyCN could be due to different phosphorylation
degree of its components and to the presence efatkeforms, as in mare counterparts (Milenkovialgt
2002; Lenasi et al., 2003; Miranda et al., 2004tdda et al., 2009b).

At this regard, Cunsolo et al. (2009a) found foonkky as-CN components with 202, 201, 197 and 196
amino acids (aa), whose sequences were completelyacterized, using the known maog-CN as
reference (Lenasi et al.,, 2003). Moreover, the imosalectrophoretic results also showeg-CN's
quantitative differences among analyzed donkeyigasprobably due to a three different expressiegrees

of the protein; at this regard, three expressiopliecan be detected, which allowed to classifyctrtaining
phenotypes as full (lanes 1, 2, 3, 4), intermedjaige 6) and null (lane 5).

This phenomenon of “quantitative polymorphism” viaend for the first time in goat milk (Grosclaude &
Martin, 1997), where alleles, at gaai-CN locus, were identified as defective mutants in termfuattional
activity of the gene and the type of mutationsugeyvariable: single nucleotide substitution ofetien, or
large insertion or deletions. So, a lox-CN content in donkey milk may represent an imparsdtribute for

its use in human allergology as reported by Begilecet al. (2001) in goat milk.
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Fig 3.1 PAGE at pH 8.6 analysis of representative don&ageins and bovine as reference (CN) after
Coomassie Brilliant Blue staining (A) and immunesific staining with polyclonal antibody againss-CN

(B).

3.3.2 Characterization of donkeyns;-CN by UTLIEF and immunoblotting analysis

The UTLIEF analysis of representative donkey caseeither with Blue Comassie (Fig. 3.2A) or with
specific polyclonal antibody staining (Fig. 3.2Bls@ showed the complexity of donkeys;-CN. This
phenomenon was due to the different quali-quantéatomposition of donkegs;-CN than cow counterpart,
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together with the major resolution of this electrogetic technique with respect to the above PAG#lyais.

In fact, the results underlined a more complex layging phenomenon afs;-CN components with other
casein fractions due to their similar pl values.

The detection of several;;-CN components may be due to presence of noncltidleted forms with
different phosphorylation degrees, as in mare apart, and to proteolysis by action of endogenous
proteases.

However, the immunoelectrophoretic techniques ditl allow to detect qualitative, but only quantiveti
differences for donkew-CN, due to the identification of casein samplesuffl 6) characterized by a lower
expression level of the allergenic protein. Fromuéitional point of view, the minor content af,-CN in
donkey milk can be related to the tolerance meamamif donkey milk in the allergic patients to bae/imilk.

(A) (B)

4.z

Fig 3.2 UTLIEF analysis of representative donkey caseirt laovine as reference (CN) after Coomassie
Brilliant Blue staining (A) and immunospecific stang with polyclonal antibody againat;-CN (B).

3.3.3 Characterization of donkeyns;-CN by two dimensional (2-DE) electrophoresis anasjs (PAGEvs
UTLIEF) and (IPG vs PAGE-SDS)

One dimensional electrophoresis did not provid&iefiit separation of caseins, @ag-CN, because of their
partial overlapping. For this reason, the two digienal electrophoresis analysis was more resoldtiae
one-dimensional electrophoresis. Specifically, AGE - UTLIEF analysis of an individual donkey casein,
either after Blue Coomassie staining (Fig. 3.3A) amainly after immunoblotting (Fig. 3.3B), tle;-CN
composition consisted of two doublet bands, hadagreasing pl values towards the anode. According t
Chianese et al. (2010) the compositional heteragenas assigned to either discrete phosphorylafioré,
7P/mol) or non allelic deleted forms generated hgorirect RNA splicing as already shown in the
homologous goat and sheep casein.

Instead, in IPG,PAGE-SDS analysis of individual donkey casein sa@mpgither with Blue Coomassie
staining (Fig. 3.4A) and immunoblotting analysisg(F3.4B), as;-CN is arranged in three level of the gel,
having decreasing pl and molecular mass valuesrtbitee anode. These results also confirmed the data
obtained from other authors (Cunsolo et al., 2008agenzetti et al., 2012), since of the four mdgmrels,
two of them C and D (197 aa with a different phasplation degree) would show the pentapeptide HTPRE
deletion that decreased the molecular mass of G2®ih respect to the other major levels A and 82(aa
with a different phosphorylation degree). Moreowbe absence of pentapeptide confers to deletexsf@
and D, a more acidic nature. In our study, an aatdit level corresponding tws;-CN was visible for the first
time and showed a higher molecular mass with rédpebe previous levels. Specifically, as repoitedext
paragraph 3.3.4, they could correspond to theléuth as-CN components (210 aa for the insertion of
octapeptide DTSNESTE encoded by exon 7) with adfit phosphorylation degree. Some of tleegeCN
spots with a major molecular weight were never okex® probably because they are present in donkiy m
in very small amount.

The complexity of 2-DE pattern of donkey,-CN supported the hypothesis of simultaneous preserh
potential non allelic deleted forms (leading to ariability in molecular mass) with a different
phosphorylation degree (leading to a variabilityisnelectric point). In additiongs;-CN immunostained
spots with a very low molecular weight could betmpderived fronmus;-CN proteolysis
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Fig 3.3:2-DE (PAGE- UTLIEF) analysis of individual donkey casein samgfter Coomassie Brilliant Blue
staining (A) and immunospecific staining with pdbnal antibody against;;-CN (B).
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Fig 3.4 2-DE (IPG-PAGE-SDS) analysis of representative donkey casainple after Coomassie Brilliant
Blue staining (A) and immunospecific staining withlyclonal antibody againsts;-CN (B).

3.3.4 Evidences of microheterogeneity and genetimlgmorphism at donkey as;-CN locus by RP-
HPLC/MS analysis

Since the majority of the mutations does not omdgoern charged (acid or alkaline) aa, but alsorakaa
undetectable with respect to the above electropicoa@alysis, the individual donkey casein samplese
also analyzed by RP-HPLC analysis.

After a preliminary screening of individual donkegseins, two characteristic HPLC profiles (A and\&ye
selected in (Fig. 3.5). Compositional differencetweenas-CN and 3-CN fractions in the two most
common HPLC profiles (A and B) of donkey casein gba® can be deduced in (Fig. 3.5). In particular;
CN eluted in two peaks (1 and 2) characterized bjffarent area percentage only in sample A (peak 1
peak 2), while in sample B the peaks 1 and 2 had#lme area (peak 1 = peak 2).

In order to identify the containings;-CN components, each eluted peak was analyzed baidfsis before
and after alkaline phosphatase AP action and ttified components were reported in Table 3.1
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Fig 3.5 RP-HPLC profile of two representative donkey aasample.

Table 3.2 Molecular Masses (W of as;-CN components in the casein samples A and B déetethby LC-
ESI-MS analysis.

as;-CN components

M, M, Lenght aa
Sample Peak Native (Da) Dephosphorylated (Da)
A 1 24888 6P 24408 202
24808 5P 202
24760 6P 24280 201 (Sh
24680 5P 201 (GfH)
25833 7P 25273 210
25753 6P 210
25704 7P 25144 209 (G
25624 6P 209 (G
2 24265 6P 23785 197
24185 5P 197
24138 6P 23658 196 (Gitn
24058 5P 196 (G¥)
B 1 24888 6P 24408 202
24808 5P 202
24760 6P 24280 201 (Sh
24680 5P 201 (GfH)
25833 7P 25273 210
25753 6P 210
25704 7P 25144 209 (G
25624 6P 209 (G
24265 6P 23785 197
24185 5P 197
24138 6P 23658 196 (Gitn
24058 5P 196 (G¥)
2 24874 6P 24394 202
24794 5P 202
24745 6P 24265 201 (Gh
24665 5P 201 (G
25819 7P 25259 210
25739 6P 210
25689 7P 25129 209 (Gh
25609 6P 209 (G
24250 6P 23770 197
24170 5P 197
24126 6P 23646 196 (Gin
24046 5P 196 (Gff)
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The results indicated that from peak 1 of samplénAlecreasing quantitative order, two proteingeziuthe
first, the main component is 202 aa in length dedsecond, minor component, is 210 aa in lengthebk 2

of sample A, only one protein with 197 aa in lengthted, since the skipping of exon 5 results i@ th
pentapeptide HTPRE deletion betweel and B, as in mare,-CN (Lenasi et al., 2003), which accounts
for the decrease of 620 Da in its molecular ma#is mispect to the protein with 202 aa in length.

Each of these three protein components differetliénaa length (202, 210 and 197 aa), showed aleamp
microheterogeneity either for the phosphorylatimgete (5, 6 and 7P) or for a glutamine (Q) residue
deletion (Table 3.1).

Taking into the account the exon modular structifres;-CN in the other species and in the mare (Lenasi et
al., 2003; Miranda et al., 2004), it is reasonable@ssume that the existence of forms lacking #agline
residue is probably related to a cryptic splice sitcurring at the first codon (CAG) of exon 11,iath
explains the difference of 128 Da in their molecutesses. This phenomenon is a rather frequentt aras
already reported for ewe (Ferranti et al., 19963tdFerranti et al., 1997), cow and water buffaleCN.

On the other hand, the main protein component 2@th aa in length, was the same donkigyCN firstly
reported by Cunsolo et al. (2009a), while the omnae ofas;-CN with 210 aa in length was a new finding.
This “super long” component showed the insertionanf octapeptide DTSNESTE betweef Knd E*,
whose synthesis is encoded by exon 7 insertiom ahei homologous marets;-CN (Milenkovic et al.,
2002). Moreover, the insertion of octapeptide DTSNE confers tais;-CN 210 aa in length a more acidic
nature (theoretical pl of 5.57 OP) with respectitgCN 202 aa in length (theoretical pl of 5.95 0P agy-

CN 197 aa in length (theoretical pl of 5.86 OP). ragarding the phosphorylation degree, the maximum
number of phosphate groups of donkeyCN agreed well with the presence of 6 potentiagporylation
sites involving serine (Ser) residues (&eBer® Ser*, Sef®, Sef’and Sef’, numbered according to the,-

CN with 202 aa in length) located in SerXxxGlu/SenBtifs, which are recognition sequences for bovine
mammary gland casein kinase (Mercier, 1981). TheaW&ysis of the natives;-CN isoforms revealed that
asi-CN was phosphorylated mainly at high level (6B} depending on the loss or conservation of exon 7
This suggested that the 61-68 sequence encodexioby7ewould be systematically phosphorylated orRits
potential sites (S&tand Se¥), numbered according to the full length sequenite 210 aa (Fig. 1.1-1.2).

However, all these components (202, 210 and 194véh)a different phosphorylation degree were also
eluted in peak 1 of sample B (Table 3.1); in peatf Zample B (Fig. 3.5), instead a new seriesigf
“proteins” each with 14 Da lower in their moleculaasses with respect to thg-CN component eluted in
peak 1, were identified (Table 3.1). This molecutass difference is due to a single point mutatiai is
Ala*>-Gly*? in the novel variant found in this sample (Fig)3.6herefore, these results showed the
occurrence of possible genetic polymorphism at dgnks;-CN locus, which was confirmed by a new
variant’s finding in the sample B.
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Fig 3.6 ESI-MS/MS spectrum of RP-HPLC profile af;-CN in the heterozygous sample with the new
genetic variant. The amino acid substitution inrieeva-CN variant is Ald*— Gly.
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3.3.5 PAGE and immunoblotting analysis of donkef-casein

The casein samples from 77 donkeys were analysiddoally. In Fig. 3.7, the most common individual
donkey casein samples Coomassie Brilliant Bluensth{Fig. 3.7A) were compared to the cow countéspar
on the basis of their relative net charge at aflkafjH by PAGE analysis. The results obtained afecific
immunstaining (Fig. 3.7B) with polyclonal antibodgainst3-CN, allowed to detect donkd€3+CN fraction.

By comparing the two species each other, cow amkealo3-CN exhibited a very similar anodic mobility,
although donkey3-CN could have a major negative net charge at pgHtl8an cow counterparts, because
donkeyB-CN has a major number of phosphate groups andaauidoacids than cow protein (on SWISS-
PROT database http://au.expasy.org/tools-P8627&eyoand P02666 cow). However the immunostained
profile showed that donke§-CN is the most abundant protein than other casamasit was constituted at
least by two main bands even if in some samples alshird B-CN’s band was identified. In analysed
samples, the different number of identified bandd their different electrophoretic mobility show#tht
donkey’s-CN heterogeneity is due to different phosphoulatievel and to the presence of deleted forms of
protein as mare’B-CN (Girardet et al., 2006), but also to genetitypmrphism.

Moreover the immunostained profiles showed alsaadeplysis of-CN, giving rise to peptides having a
lower anodic mobility 8-CN derived fragments) than the parent proteirfath considering the NNP peptide
composition of donkey milk, consisting mainlyrRCN andos-CN derived peptides generated by plasmin-
like specific cleavages, it can be supposed thatstme enzymes produced the abpv@N andas-CN
derived insoluble peptides at pH 4.6. So the coraptmvisible to the anode after immunostaining was
attributable to the family of donkeyCN, C-terminal fragment generated by plasmin ereyon (3-CN
(Chianese et al., 2010).

(A) (B)

) ‘

051{.{' :
as; { ‘ ‘

} QOszt0sg

IR
| TR . ‘L
K —»
origin }v '-: '-:
CN vV 38 2 4 V 38 24

Fig. 3.7 PAGE at pH 8.6 analysis of representative dordasein samples and bovine as reference (V) after
Coomassie Brilliant Blue staining (A) and immunesific staining with polyclonal antibody agairf$iCN

(B).
3.3.6 UTLIEF analysis and immunoblotting of donkeyf3-casein

The individual donkey casein samples were subjeloted TLIEF with pH gradient 4.2-6 and separated by
isoelectric point (Fig. 3.8A). After Coomassie Baiht Blue staining, the electrophoretic profileésdonkey
B-CN showed a high complexity due to the highestltgi®n power of this technique than the above PAGE
analysis, but also to a different quali-quantitateomposition than its cow counterparts.

The results obtained after specific immunostain{fégg. 3.8B) with polyclonal antibody againftCN
allowed to detect donkef-CN fraction. In particular, donkey and cwCN exhibited a very similar pl
value, but a different compositional heterogend®y9 components in donkeys. 2-3 in cow), also
responsible of overlapping phenomenon with otheeite, with respect to the above PAGE analysis.
However, these donke-CN components focused in the central area of pdlignt and their presence is
due to the different phosphorilation degrees oheadmnkeyp3-CN component and to the presence of deleted
forms, as in mare counterparts (Miranda et al., 4208t this regard, Cunsolo et al. (2009b) foundeéh
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phosphorylated components (5P, 6P and 7P) by M$/samaonly in the full-length protein, while no
information on the phosphorilation degree has hmewided for the shortg8-CN form lacking the3-CN
fragment (27-34) (Cunsolo et al., 2009b). Accordinghianese et al. (2010) both the full-len@t&N and

its deleted form lacking of fragmef{(27-34) have 5, 6 and 7P/mole. However, the absehtiee domain
E?’SITHINK>* confers to deleted form a more acidic nature (eéal pl value 5.40 OP) with respect to the
full-length component (theoretical pl value 5.54) @Rd also a major number of phosphate groups doth
the full-lengthB-CN and on its deleted form lacking of fragm@(27-34) gives them a more acidic nature
than the corresponding less phosphorylated forris fesult is very important and regarding donRe@N
has been reported for the first time.

Concordantly with PAGE analysis, even the hydraysioducts of donkef3-CN, probably generated by
plasmin-like enzymatic activities, are immunostdiaed focused at higher pl values than their parasein,
respectively (Chianese et al., 2010).
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Fig. 3.8 UTLIEF analysis of representative donkey caseimpes and bovine as reference (V) after
Coomassie Brilliant Blue staining (A) and immunesific staining with polyclonal antibody agairf$iCN

(B).

3.3.7 Characterization of donkey B-CN by two dimensional (2-DE) electrophoresis anais
(PAGE - UTLIEF) and (IPG - SDS PAGE)

The complex overlapping phenomenon of the full-tan@CN and its deleted form lacking of fragment
[B(27-34) with other caseins can take place in ongedsional electrophoretic analysis, as UTLIEF, beea
of their very similar pl values.

This overlapping was partially resolved in 2-DE oephoretic analysis. In fact, in PAGBJTLIEF
analysis of an individual donkey casein, after Cassie Brilliant Blue staining (Fig. 3.9A) and mgiwlfter
immunoblotting with specific polyclonal antibody agst B-CN (Fig. 3.9B), the number off-CN
components was about 6, and according Cunsolo. €2@09b) and Chianese et al. (2010) they would
correspond to the full-length protein, carryingrfr® to 7P as well as its shorter form, always d¢agyrom
5to 7P.

In IPG- PAGE-SDS analysis of individual donkey casein sanpither after Coomassie Brilliant Blue
staining (Fig. 3.10A) and immunoblotting analysisg( 3.10B), the complexity of-CN was even more
resolved than PAGE-UTLIEF analysis. In fact, instld-DE mapB-CN components are arranged in two
levels. A major level is associated to a higheraappt molecular mass and would correspond to the fu
length protein with 226 aa, while a minor levebissociated to a lower apparent molecular mass andtiw
correspond to its deleted component with 218 asachexized by a splicing of exon 5. Cunsolo e{2009b)
and Chianese et al. (2010) found that two dorfk€3N components showed a molecular mass differefice o
923 Da and differ for the presence of the dom@BITHINK?* in the full length component, that, as
occurring in the mare’8-CN is absent in the deleted component (Fig. 1.3).
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Fig 3.9 2-DE (PAGE- UTLIEF) analysis of representative donkey casempa after Coomassie Brilliant
Blue staining (A) and immunospecific staining withlyclonal antibody againftCN (B).
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Fig 3.10 2-DE (IPG-PAGE-SDS) analysis of representative donkey casaimple after Coomassie
Brilliant Blue staining (A) and immunospecific stang with polyclonal antibody againtCN (B).

3.3.8 Evidences of genetic polymorphism at donkd3+CN locus by UTLIEF analysis

The events of overlapping can be amplified by tegetogeneity of donke@-CN due to post-translational
phenomena (phosphorilation), non-allelic deletetinfy proteolysis by action of endogenous proteasés
also polymorphism (one or two variants in indivilsamples, much more in bulk milk).

In fact, the UTLIEF analysis of representative aassamples, either after Coomassie Brilliant Blual a
immunoblotting (Fig. 3.11A-B) showed an high hetgoeity of donke-CN due to genetic polymorphism
at thislocus for the finding at least of two genetic variards,we can see in the following individual casein
samples: 3, 2, 4 (probably homozygous for dorfk&3N) and 8 (probably heterozygous for donke@€N).

In fact, donkeyB-CN focused in the central area of pH gradient gpetifically in the sample 2 and 3 donkey
B-CN variant focused in the same band X of pH gnatdfealculated pl 4,82); in sample 4 and 8, don&ey
CN focused always in the same central area of @dignt, but specifically in this sample donk&yCN
variant focused in the band Y of pH gradient. Theglue of the band Y is more alkaline (calculapd,91)
than the corresponding value of band X and theeefoe3-CN variant (sample 4 or 8) which focused in
bands Y showed a lowest movement towards the afemtk could be more alkaline) th@aCN variant
(sample 2 or 3) which focused in bands X. Moreouwee individual sample of casein 8 could be
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heterozygous for donkegy-CN, because it contain both bands (X and Y), dnud may contain two genetic
variants of the protein with different pl values.
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Fig. 3.11 UTLIEF analysis of representative donkey caseimples and bovine as reference (V) after
Coomassie Brilliant Blue staining (A) and immunesific staining with polyclonal antibody agairf$iCN

(B).
3.3.9 Evidences of genetic polymorphism at donkg8+CN locus by RP-HPLC/MS analysis

The RP-HPLC UV chromatograms (Fig. 3.12) of thregresentative and individual donkey casein samples
showed the presence of some main peaks. Accordiithianese et al. (2010) in peal34CN fragments,
originated by hydrolysis of both full protein lehg226 aa) and from its deleted form lacking pep(@7-34)
(Cunsolo et al., 2009b) were identified by LC/ESENChianese et al., 2010h peaks2 and 3 donkew s

CN components at different phosphorilation degi@&sand 6P) as well as their non-allelic deletaunfo
generated by RNA incorrect splicing (Cunsolo et 2009), as in sheep and goat caseins (Ferrarai. et
1995; 1997), eluted and were identified by Chianetsal. (2010). In peak 4 the full-lengfhCN and its
deleted form lacking of fragment (27-34), both mavb, 6 and 7P/mole, eluted (Chianese et al., 201®se
forms have been already detected by Cunsolo &@09b) only in full-length protein.

Regarding donke-CN, the comparison of the HPLC profiles of sample® and 8 showed that in sample
4, only one3-CN peak eluted (elution time of this peak whichneened D is 20.46 min) as in sample 2, only
oneB-CN peak eluted (elution time of this peak which meamed B is 21.59 min). The casein sample 8 was
more heterogeneous than the formers, for the pcesefitwop-CN peaks, where the peak 4* (elution time of
this peak which we named C is 19.94 min) elutedhairter elution time than peak 4 (elution time luft
peak which we named A is 20.97 min). So, in analysasein samples, in addition to two different pl
theoretical values of donkef-CNs, also the different elution time of donk@CNs (elution time
C<D<A<B) suggested for the first time the occuren€ genetic polymorphism at this caskious.

Moreover in peak 5, with higher elution time thdme tprevious peaks, considering the known amino acid
sequence of donkef-CN A (Cunsolo et al., 2009b), a C-termiflalCN fragment (56-226 with theoretical
molecular weight of 19149 Da) probably originated gdasmin hydrolysis on Lys-X bond of full protein
length (226 aa) was identified for the first timg ILC/ESI/MS. Thus, in third casein sample with tf3+«CN
peaks, in addition to the peak 5, also peak 5%eliiecause this casein could®EN heterozygous.
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Fig. 3.12 RP-HPLC profiles of donkef-CN variants.
3.3.10 RP-HPLC/MALDI-TOF/MS of donkey B-CN variants

To evidence the possible genetic polymorphism aikdp 3-CN locus, after dephosphorylation, tH2CN
fraction of each sample was separated from caseitura by RP-HPLC and its corresponding peaks 4 and
4* were manually collected, freeze-dried and areadyilsy MALDI TOF-MS analysis.

Fig. 3.13 shows the MALDI-TOF (MS) mass spectratlod chromatographic peaks (4 and 4*) of the
dephosphorylate3-CN fractions. The spectra were acquired in the range 10000-30000, obtained
operating in linear positive ion mode and usinga&&Amatrix.

Considering the known amino acid sequence of dorfk&N A (Cunsolo et al., 2009b), each of four
MALDI-TOF-MS spectrum also showed, in addition tonain signal, a minor signal with an experimentally
measured M of about 12760 Da, which could correspond to @ateal B-CN fragment (114-226 2P)
probably originated by plasmin hydrolysis on Lys&nd of full protein length (226 aa) and was far finst
time identified by MALDI-TOF/MS.

Regarding donkeB-CN, the molecular masses (Vof a full-length (226 aaB-CN (25526 Da) and its
deleted form (218 aa) lacking the region 27-34 B®a) (Cunsolo et al., 2009b) together with cDNA-
derived sequence @FCN (226 aa) with a M25539 Da (Di Gregorio, 2009) are known. By comgami with

M; of these donkeyB-CNs known in literature, the MALDI-TOF MS analysisf the collected
chromatographic peak 4 allowed to def@&@N fraction in this peak. Specifically, in peaKA) of sample 8,

a measured M25521 Da corresponded to theoretical (25526 Da) of donke-CN known in literature
named A variant (Cunsolo et al.,, 2009b), while il 4 (B) of sample 2, a measured 28535 Da
corresponded to theoretical, Y5539 Da) of donkef3-CN only deduced from cDNA (Di Gregorio, 2009),
which we named B variant.

The MALDI-TOF MS analysis of the collected chronm@aphic peaks 4*(C) and 4 (D) of samples 8 and 4
allowed even to detect two unknown components, itaén experimentally measured, g 25546 and
25556 Da respectively, which could correspond to hew donkeyB-CN genetic variants (which we named
C and D respectively) not yet known in literatulme.this way, the occurrence of genetic polymorphism
donkey B-CN locus hypothesized by UTLIEF and RP-HPLC analysis ofregpntative donkey casein
samples was for the first time confirmed by MS meihas MALDI-TOF/MS analysis.

3.3.11 Characterization of the primary structure ofthe new donkey3-CN variants

In order to obtain additional information about #ino acid sequences of new donEeg¢N (B, C, D)
variants, the tryptic mixture of each chromatogiapgseak corresponding to dephosphorylated protein w
analyzed by MALDI-TOF and the results interpretesthg the known donke-CN A variant as reference.
In Table 3.2, the position, peptide sequence, #taal and experimentally measured monoisotopic’ MH
selected fragments identified in the tryptic digmstmixture of donkey3-CN variants were reported. The
sequence of the known donkfyCN A (Cunsolo et al., 2009b) was taken as refezefitie amino acid
substitutions with respect to the donkey’s refeefB¥CN A variant were red stained.

Specifically, regarding donke-CN B variant, the mass spectrum signals of fouptides with
experimentally deduced MH3792.9, 4404.6, 3268.0, 4032.3 allowed the ideatibn of two amino acid
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substitutions in donke-CN B variant with respect to the correspondingn@-CN A variant. In detail, in
comparison wit3-CN A variant, the identification and characteriaatof peptides at m/z 3792.9 and 4032.3
allowed us to deduc@-CN sequences which corresponded to the theorelerminal (1-34) and C-
terminal (190-226) tryptic fragments, containing teame amino acids with respect to dongegN A
variant. The interpretation of mass spectra sigaithe peptides at m/z 4404.06 and 3260.0, alloussdto
deduceB-CN sequences which corresponded to the domai3®)knd (76-105) respectively, carrying the
amino acid substitutions Ser3:}al and Val84-Pro with respect to the donk@yCN A variant.

Regarding donkeyB-CN D variant, the identification and characteri@atof peptides (signals) at m/z
3267.81, 3806.9, 4418.78 and 4046.07 allowed ustetiuce-CN sequences which corresponded to N-
terminal (1-34), (1-39), (76-105) and C-termind®@-226) domains respectively, carrying the amioid a
substitutions Asn33.Lys, Ser37-»Val, Val84—Pro and Ala213->Ser, with respect to the donk@yCN A
variant.

Finally, regarding donke@-CN C variant, the identification and characteilimatof peptides (signals) at m/z
4392.89 and 3268 allowed us to ded@&€N sequences which corresponded to the theorettigatic
fragments (1-39) and (76-105) respectively, alsgt@ioing the same amino acid substitutions tharkepfi-
CN A variant. The interpretation of mass spectrghefpeptides (signals) at m/z 3806.6 and 404%o%vad

us to deducg-CN sequences corresponding to the N-terminal (le8wl C-terminal (190-226) domains
respectively, which contained, BSCN D variant, the amino acid substitution Asr3Bys and Ala213-»Ser
with respect to the donkd3+CN A variant.

In summary, all these proteomic methods allowed dharacterization of three new genetic variants of
donkeyB-CN, whose identified amino acid substitutions wegported in Table 3.3. In this table 3.3, the
amino substitutions, pl and theoretical Milues were reported for each donlegN variant (A, B, C, D).
These values were calculated, theoretically, onbis of the amino acid substitutions with respedhe
reference donke@-CN A variant (Cunsolo et al., 2009b). Moreovegedb data confirmed that donkgyCN

A and B variants, on the basis of their amino atildstitutions, have the same pl value (4.82). Dpflk€N

C and D also have the same calculated pl valud J4vehich are for the presence of Lys 33 in thenireo
acid sequences more alkaline than the corresponding in3-CN A and B variant (4.82).

However, these theoretical pl values of the B«EN variants allowed us to identify them on the UEE
profile, whereB-CN A and B variants focused at the same lower pitlignt than C and D variants (Fig.
3.14).
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Fig. 3.13 MALDI-TOF-MS spectra of four chromatographic psalcontaining the corresponding
dephosphorylatefl-CN variants.
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Table 3.2: 3-CN tryptic peptides identified by MALDI TOF MS dyais

Peptide | Theoretical | Reference sequencB-CN A B D c A
Mass (Da)

1-34 3790.77 REEKELNVSSETVESLSSNEPDSSSEESNKI 3792.90| 3806.90 3806.66| 3792.75
(+14) | (+14)

1-39 4392.64 REEKELNVSSETVESLSSNEPDSSSEESNKEKSQK | 4404.12| 4418.78| 4392.89| 4392.54

+12) | (+14)

(+12)

76-105 3269.96 AVVPONIVLAQPPIVPFLQPEIMEVSQAQ 3268.01 3267.81 - -

190- 4029.10 DTPVQAFLLYQDPQLGLTGEFDRTQPIVPVHNPVIV | 4032.33| 4046.07 4045.99| 4032.55

226 (+14)

Table 3.3: Amino acid substitutions, theoretical moleculaass and pl values of differetCN variants

B-CN | 33 | 37 | 84| 213 Theoretical Molecular Mass (Da) pl

B Asn | Val| Pro| Ala] 25539 4.8p

D Lys | Val| Pro| Ser| 25570 4.91

C Lys | Ser| Val| Serl 25558 4.91

A Asn | Ser| Val| Ala|] 25526 4.8p
4.2

CN V 3 8 2 4

pI: ASB < C=D

Fig. 3.14 UTLIEF analysis of representative donkey caseimples and bovine as reference (V) after
Coomassie Brilliant Blue staining (A) and immunesific staining with polyclonal antibody agairfs{CN

(B).
3.3.12 Characterization of the phosphorylation leveof the new donkeyB-CN variants

The molecular mass determination for the phospfiateform of the3-CN variants and their deleted forms
A5 enabled a precise determination of the maximugregeof phosphorylation to be made. It corresponded
to 7P (Chianese et al., 2010) per molecule andifsgmly, analysis of the new phosphorylat@dCNs
demonstrated that each full length variant (B, ¢, & donkey3-CN A variant (Cunsolo et al., 2009b)
consists of three isoforms carrying from 5 to 7RisTsame phosphorylation degree was also founddoh
corresponding deleted isoform (5, CA5, D A5) as for3-CN A A5 Chianese et al. (2010).

This result is important because emphasizes thatcaatid deletions or substitutions between théediht
donkeyB-CN variants do not affect serine residue which ghosphorylated. Moreover, for each nBvCN
variants (B, C, D) as well as for their correspogds-CNs A5 (lacking the region encoded by exon 5), the
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isoform carrying 6P and 7P occur with comparablendlances, whereas the 5P protein is present asa mi
component. This is in agreement with the resultaiobd for donkey3-CN A (Cunsolo et al., 2009b) and
donkeyB-CN A5 (Chianese et al., 2010).

These results, however, reveals that dorgeyN is more phosphorylated than the homologous e
CN, in which the predominant phosphorylated isoforoarries 5P, despite 7 phosphorylation sites are
available. Instead, the human protein, which is glsosphorylated at different levels, carries upRo Thus,

the donkey3-CNs could also be more phosphorylated than botfmbda fully phosphorylated protein with
5P) and the humgBrCN, the major isoform of which afeCN 2P and 4P (Sood & Slattery, 2000).

It is difficult to explain the high phosphorylatidevel of donkeyB3-CN, but this phenomenon, as marp:s
CN, could be due to the presence of an additioxah &’,only observed in equidae, which encodesgiore
(21-26) containing a phosphorylation cluster (M@aret al., 2004). Thus, the presence of at mostrsev
group bond to donkey3-CN agrees with the protein primary structure whiotntains six potential
phosphorilation sites (SerSer®, Ser® Sef? Sef* and Set’), located in a Ser-Xxx-Glu/SerP motif, and one
Ser (Sef) in a Ser-Xxx-Xxx-Glu motif, together with twather potential phosphorilation sites located at
Thr'? and Thf%, located in a Thr-Xxx-Glu motif, analogously toethhomologous mare’8-CN. The Ser-
Xxx-Glu/SerP and Ser-Xxx-Xxx-Glu motifs are the ogaition sequences characterized for cow mammary
gland casein Kinase | (Mercier, 1981) and Il (Kusdnet al., 1987), whereas studies on the spegifizit
mammary gland casein kinase have shown that theeeeq motif Thr-Xxx-Glu is a poor substrate for the
mammary gland enzyme and is usually not phosphte/léBingham & Groves, 1979; Sorensen & Petersen,
1994).

3.3.13Primary structure comparison of the donkey’s and cav's B-CNs

Studies of large population of patients allergic®lA (cow’s milk allergy) show thaB-CN, the second
most abundant protein in cow’s milk, where it cangts about 28% of the total milk proteins, représ one

of the major cow’'s milk allergens (Monaci et al998B). In human milk, the casein fraction is essdiyti
composed by-CN.

B-CN is a phosphoprotein with a distributed prolamtent but with a lack of cysteine amino acids, iSo
bovine B-CN disulphide bonds are absent and therefore ssggses virtually no secondary structure and
shows a reduced rigidity of the tertiary struct(f@mosinski et al., 1991). As a consequence, tfesers
increase the likelihood that the important alleigerpitopes of this protein are linear rather than
conformational. As results of several investigasiosix major (AA 1-16, AA 45-54, AA 55-70, AA 83-92
AA 107-120 and AA 135-144) and three minor (AA14®41 AA167-178 and AA 185-208) IgE binding
regions on bovin@-CN were identified. Among these, three epitopea (A16, AA 83-92 and AA 135-144)
were the most frequently recognised epitopes wihite minor epitopes (AA 149-164, and AA 167-178) are
recognised only by older patients but not by thenger age. Instead, eight major epitopes (AA 1A 23-

34, AA 55-68, AA79-92, AA 107-120, AA 135-144, AA2-160 and AA 183-208) and one minor (AA 169-
184) 1gG binding regions on bovifieCN were identified. Among these, two epitopes (A26-144 and AA
183-208) were recognised by all patients (Chatehatal., 2001).

Therefore, the knowledge about the allergenic epitoof boving3-CN, together with the determination of
the primary structure of different donk@yCN variants and their internally deleted isoforthere reported)
provide the basis for some comparison of their sages. According to Cocco (2007), the substitutions
deletions of one or more amino acids in a protardankeyB-CN could result in a partial reduction or
elimination of IgE binding regions in majority oéfents.

However, the best alignment of the bovine and dpis&CN variant A reveals that these two proteins share
a low sequence homology (58% of identity). In mwadtr, alignment reveals that the IgE- and 1gG-dbig
linear epitopes of cow'§-CN and the corresponding domains present in doflk€N have remarkable
differences in their amino acid sequences. Moreaves interesting to note that the amino acidusete
E?’SITHINK®* absent in the internally delet@dCNA5 isoform from donkey is a trait of an importanEtg
and lgG-binding epitopes of bovifeCN; thus, its deletion from the full-lengfCN sequence together
with the considerable differences between the pwynsructure of donkey and bovirfe@CNs could be
related to the already demonstrated low allerggmaperties of donkey’s milk and could contribute to
explain its better tolerance also with respectdats milk for children suffering CMPA (Vita et aR007). In
fact, it should also be noted that goat’s and coff#€Ns show 91% of identity and that anaphylactic
reactions to goat’s milk in children with CMPA halveen reported (Pessler, 2004).

Although these considerations seem reasonablehefutiiochemical studies and clinical experiences ar
needed to establish precise relationship betweerkedds milk protein structures and its low allergen
properties.

3.3.14 PAGE Analysis and Immunoblotting of donkeys-CN
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Regarding donkey.-CN, the results of PAGE analysis at pH 8.6 on esentative individual casein
samples, obtained after CBB (Fig. 3.15A) stainimgl anainly specific immunostaining with polyclonal
antibody againsti;-CN (Fig. 3.15B), allowed to detect this caseircfi@n, which seemed to be one of the
less abundant casein in donkey milk. By compariogg @and donkey casein, each other, donkgyCN
exhibited a higher and reversed anodic mobilityntiia cow counterpart. The immunostained profils® a
showed an overlap between;- and a,-CN components, although the latter showed an higimedic
mobility compared to some of the majars;-CN components. In donkey caseins analyzed, this
immunoelectrophoretic technique revealed a vaitghiih the protein’s migration, suggesting alsoemetic
polymorphism at donkegs-CN locus.

Moreover, the presence of more immunostairregCN components could be due to its different
phosphorylation degree (10-12 P), as reported bgr@ke et al. (2010) and to the presence of itstetdl
forms, as reported by Saletti et al. (2012). Irt,fatthis regard Saletti et al. (2012), usingadhesequence of
the known full lengthog-CN as reference (Chianese et al., 2010), detdotedrs,CN deleted forms which
were produced from differential splicing eventsdlwng exon 4, 5, 6 and part of exon 17 in the gene
encoding for the asinine protein (Fig.1.4).
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Fig 3.15 PAGE at pH 8.6 analysis of representative donte@sein samples and bovine as reference (CN)
after Coomassie Brilliant Blue staining (A) and nimnospecific staining with polyclonal antibody ausi
as-CN (B)

3.3.15 UTLIEF Analysis and Immunoblotting of donkeyas,-CN

UTLIEF profiles of representative donkey caseirithes with Blue Coomassie (Fig. 3.16A) and mainlighw
polyclonal antibodies againgt-CN (Fig. 3.16B) showed the compositional heteregfgrof the asinineis-
CN.

For donkeyos>CN this phenomenon may be due to qualitative abdye all, quantitative polymorphism,
because there are casein samples characterizeal#8§yN content much more lower than the others.
Moreover, the detection of differeat,CN components may be due to the presence of nelicadeleted
forms (Saletti et al., 2012) with a different phbspylation degree, and to the proteolysis by actdn
endogenous proteolytic enzymes (Chianese et dQ)20

Specifically, regarding the phosphorylation degtbe, high number of phosphate groups of donkeyCN,
agreed well with the presence of 11 phosphorylasites involving serine (Ser) residues {S&ef, Ser®,
Ser’, Sef? Sef®, Sef® Sef’, Sef®, Sef*? Sef*) and Tht*! or Thr®®> numbered according to the full
length as;CN with 221 aa located in SerXxxGlu/SerP and The@bu motifs, which are recognition
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sequences for mammary gland casein kinase. Theppbndation sites were determined using the program
NetPhos 2.0, available at www.expasy.ch proteoerices in donkeyis-CN (Accession No. B7VGF9)
However, these results underlined a more complexiapping phenomenon, due to the similar pl vabfes
casein components, with respect to the above PA@GEysis. In particulargs;CN components (5-6) for the
presence of many acid amino acids and phosphatpgd0-12) focused at more acid pH gradient than t
mainas;-CN components, even if they partially overlapfie@N and other minoais;-CN components.

(A) (B) 4.2

Fig 3.16 UTLIEF analysis of representative donkey caseirts lzovine as reference (CN) after Coomassie
Brilliant Blue staining (A) and immunospecific stang with polyclonal antibody againat,-CN (B).

3.3.16 Characterization of donkeyas-CN by two dimensional (2-DE) electrophoresis (IPG. PAGE-
SDS)

The complexity of donkew-CN was also responsible of the overlapping phemamewith other casein
fractions. This phenomenon was patrtially resolve@-DE (IPG- PAGE-SDS) electrophoretic analysis of
an individual donkey casein sample, either afteor@assie Brilliant Blue staining (Fig. 3.17A) andintga
after immunoblotting with specific polyclonal antitty againstisCN (Fig. 3.17B). In fact, in this 2-DE
map 0s-CN components were arranged in two levels. A méwel is associated to a greater apparent
molecular mass and would correspond to the fuldilerprotein with 221 aa, while a minor level is@sated

a very low apparent molecular mass and would cpomd to its deleted component characterized by a
splicing of many exons which encoded for this protéit this regard, Cosenza et al. (2010) cloned,
sequenced and analyzed the gene with 19 exons ehiobdes for the entire protein of 221 aa, but also
second gene (16 exons) characterized by the lattleafequences that in the entire gene corresjpoexbins

6, 7, 8, 10,11,12, which encodes for a predictqdige of 145 aa.

3.3.17 Characterization of donkeyas-CN by RP-HPLC/MS

As for as-CN, to simplify the compositional heterogeneitydoinkeyas-CN and subsequently to determine
its mean expression level (paragraph 3.13.3), idevidual donkey casein samples were analyzed by RP
HPLC. The identification of the eluted componemiffer AP action, was carried out using a mass tmtec
coupled to an electrospray source (LC/ESI/MS) @ab#t). After a screening of individual donkey éasga
characteristic HPLC profiles was selected in (F3gL8), and specifically in peak with elution tiroe 20 min

the eluted protein corresponded to the full-lermgaCN component, with a molecular weight of 26027 Da,
as reported by Chianese et al. (2010). The ideatifin ofas-CN in this chromatographic peak will allow,
in the chapter of the proteins quantitative analyparagraph 3.13.3), to determine the average ainafu
0s7CN in donkey milk by RP-HPLC.
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Fig 3.17 2-DE (IPG-PAGE-SDS) analysis of representative donkey casaimple after Coomassie
Brilliant Blue staining (A) and immunospecific stang with polyclonal antibody againat,CN (B).
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Fig 3.18 RP-HPLC of an individual donkey casein sample nehe,,-CN chromatographic peak was

identified.

Table 34: Molecular masses (Da) of casein fractions id@difin a individual donkey casein samples by

LC-ESI-MS.

Measured Mr (Da

Theoretical Mr (Da)

Dephosphorylated Dephosphorylated
asl | 24408.2 24406
as2 | 26027.5 26029
B 25552.7 25558 (C variant)

25537.6

25539 (B variant)
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3.3.18 PAGE Analysis and Immunoblotting of donkeyk-CN

As far as donkex-CN, it was very difficult to detect its componentdy in CBB, likely depending either on
the low amount of this fraction in the milk or ds lower reactivity to CBB staining (Fig. 3.19A)hd results
of this immuno-electrophoretic technique (Fig. B)%howed the lowest mobility of-CN towards the
anode compared to the other casein fractions aiffiesent electrophoretic mobility a€-CN in the different
analyzed samples, probably due to the occurrengerdtic polymorphism also at th&us.

A B
*) *) ®)
as]_'CN+
asz'CN
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as]'CN
{ B-CN
B-CN
- ' I;
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} K-CN ’ : B
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origin i L
2 3 4 5 6 CN 2 3 4 5 &N

Fig 3.19 PAGE at pH 8.6 analysis of representative dont&sein samples and bovine as reference (CN)
after Coomassie Brilliant Blue staining (A) and nimnospecific staining with polyclonal antibody atsk-
CN (B).

3.3.19 UTLIEF Analysis and Immunoblotting of donkeyk-CN

UTLIEF profiles of representative donkey caseirithes with Blue Coomassie (Fig. 3.20A) and mainlighw
polyclonal antibodies againgtCN (Fig. 3.20B) showed the compositional hetereggnof the asinine-

CN.

In fact, all these casein fractiongsf, B-, as>-CN) were overlapped by-CN components, which, as in
ruminants, is the most heterogeneous casein fradtio the detection of components (10-12) focadizin
throughout the pH gradient and probably this phesroon is generated from a different glycosylatiogrde

of the protein. In fact, considering the cDNA amamd sequence of donke&yCN (without the first 20 aa of
signal peptide), 12 Thr residues (ThrThr'®, Thi**®, Thi*®, Thrt® Thr¥’, Thr*, Thr*®, Thr*% Thr®
Thr'®* Thr**® may be glycosylated, as in mare counterpart,diyquthe program NetOGlyc 3.1, available at
www.expasy.ch proteomic server in donkeyCN (without 20 aa of signal peptide) (Accession. No
FOV6V5).

Many glycosides linked to the protein, giving itreore acidic nature. ThereforeCN forms which focused

at cathode would correspond to the less glycosyiat€N components, which would also appear to be more
abundant compared to the glycosylake@N components, which focused at anode.

Even fork-CN, a different intensity and migration of immuteised bands suggested not only quantitative,
but also a qualitative polymorphism atlibsus, and thus, the presence of me&r€N variants.

No direct information is available on the phosphatipn state of donkex-CN. However, three putative
phosphorylation sites, namely Fht Thr?” and Th#*°, may be suggested based on the sequence similarity
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studies with mare’&-CN and on prediction analysis. The phosphorylatites were determined using the
program NetPhos 2.0, available at www.expasy.ckeproic server in donkey-CN (without 20 aa of signal
peptide) (Accession No. FOV6V5).
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Fig 3.20 UTLIEF analysis of representative donkey caseim@es and bovine as reference (CN) after
Coomassie Brilliant Blue staining (A) and immunesific staining with polyclonal antibody againsiCN

(B).

3.3.20 Characterization of donkeyk-CN by two dimensional (2-DE) electrophoresis (IPG: PAGE-
SDS)

Concordantly with UTLIEF analysis (paragraph 3.3,18ll casein fractionsog-, Osr, B-CN) were
overlapped bx-CN. In fact in the 2-DE map (PAGEUTLIEF) analysis of an individual donkey caseirg th
most heterogeneous casein fraction wa3N, since at least 11 components were specificaliyjunostained
in the 2-DE map, focalising throughout the entimrking pH range (Fig. 3.21A-B).

) A ) B

PAGE pH 8,6

mm = ac

K-CN
Fig 3.21 2-DE (PAGE- UTLIEF) analysis of representative donkey caseingga after Coomassie Brilliant
Blue staining (A) and immunospecific staining witlyclonal antibody againgtCN (B).

72



3.3.21 Characterization of donkey caseins by PAGEES and Immunoblotting analysis with
fluorescent glycoprotein detection

An individual sample of donkey CN, before and afteymosin hydrolysis, was analyzed by PAGE-SDS and
was shown in Fig. 3.22A after Blue Coomassie stginwith the aim to identify each donkey caseirttin

it was immunostained using specific polyclonal lotiies against each donkey casein fractiqg,(dsz, -,
andk-CN) (Fig. 3.22B). The electrophoretic profile obted for donkey casein fraction is shown to be very
similar to that reported by Miranda et al. (200d) fnare and goat caseins. In fact, in the caseaie,zthe
heaviest electrophoretic band was that correspgrtdiosCN, followed byag;-CN. For the latter, two main
bands were separated, which probably could correspmits two deleted forms resulting from the gkijy

of exon 7 and 5; instea-CN has migrated into the intermediate zone betwdese twods-CN
components. The results of this immuno-electropimtechnique also showed the fastest mobilitx-aEN
towards the anode compared to the other caseitidina¢ suggesting, therefore, its lower moleculaight
between asinine caseins. In additiceCN migrated as a more or less extensive smearubecaf
considerable variation in the level of post-tratistaal glycosylation. This electrophoretic behavidwad
previously been highlighted by Miranda et al. (20@4th respect to mare’s milk.

The presence &-CN also in whey protein used as reference andespanding to the casein zone, suggested
that this smear would include highly glycosylate€N forms, which could be either the heaviest aus$ |
abundant forms.

Moreover, this immuno-electrophoretic techniquevet thatB- andas-CN are the most abundant casein
fractions followed byog- andk-CN, and this feature makes donkey milk more simitahuman milk, in
which as-CN has not yet been identified. Also peptides\datiessentially fron- andas-CN hydrolysis

by endogenous enzymes of donkey milk were showditkimmmunostained profiles.

The results obtained by this immuno-electrophoreééchnique were also confirmed by Fluorescent
Glycoprotein Detection (Fig 3.22C). In fact, tkéCN band was more fluorescent than the other cdmeids
with a major molecular weight, thus suggestindnigh glycosylation degree. It should be mentioriet the
migration zone of donkey-CN spanned all the other casein bands.

Donkey k-CN seems to be more glycosylated (about 12 glgessi than bovink-CN which has six
glycosylated Thr residues and considering the peet@al peptide bond of donkew-CN susceptible to
chymosin hydrolysis, it could probably be Phiée®® and not Ph&>Met'® bond (which would reflect
differences in the mechanism of clotting of milk imminant and non ruminant mammals). In this way,
donkeyk-CN, showing more similarities to equine and humaBN, compared to bovine-CN may belong

to thek-CN group Il
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Fig 3.22 Characterization of donkey casein, before anerafhymosin hydrolysis, by PAGE-SDS analysis
(A) and immunoblotting with specific polyclonal #dies against each casein fraction (B) with fasment
glycoprotein detection (C).

WPD: whey protein donkeyCNC: casein cowCNC+chim.: casein cow + chymositgND+chim.: casein
donkey + chymosin.
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Conclusions 1

The proteomic approach allowed the identificatidnthe four casein fraction{-, as>, B- € K-CN) in
donkey milk together with their related heteroggnalue to post-translational phenomena such as the
different phosphorylation degree of the casemg (0sz, f-CN) and the high glycosylation level @fCN,
incorrect splicing of primary transcript in mRNAqm allelic deleted forms ads;-, a5, B-CN) and genetic
polymorphism ofas;- andB-CN (one or more variants in individual samples).

Specifically

* 04-CN was composed at least of three protein compsneharacterized by a different length of
their amino acid sequence (210, 202, 197 aa) ast a&ixpressed at different intensity
(202>197>210), where the minor component with 24@as found for the first time. This means,
that unlikeas-CN mare, all exons are expressed in donkgyCN gene. The incorrect splicing of
the primary transcript (210) determining the singtel/or contemporary elimination of exons 7 and
5 gave rise to the two deleted components with 202 197 aa, respectively. Each of these three
components (210, 202, 197) showed a microheterdtgeshge both to the different phosphorylation
degree (5, 6 e 7P) that the glutamine residueidaleThe screening carried out on the samples by
RP-HPLC and MS analysis also revealed a qualitgtolgmorphism atis;-CN locus for the finding
of a newag;-CN variant, in addition to the protein already wmoin literature (Cunsolo et al.,
2009a), but also a quantitative polymorphism &t thius (paragraph 3.13.3), for the detection of
samples characterized by the presenae,g€N only in traces, as in goat milk.

e B-CN is always present in donkey milk as in humanknfparagraph 3.13.3). The immuno-
electrophoretic and chromatographic analysis oflyaed samples showed three new genetic
variants at thidocus, each 226 aa long, which we named B, C, e D, whidemass spectrometry
allowed to identify the characterizing amino aaithtitutions. The structural study has indicated fo
each new variant the same phosphorylation degrge @ A reference (Cunsolo et al., 2009b),
indicating that the involved mutations do not affeerine residues in the delegated code sequences.
Each new variant, therefore, was heterogeneoustHer presence of three phosphorylated
components (5, 6, 7P) and for the contemporaryepiees of a non allelic deleted form lacking the
peptide B'SITHINK?, encoded by exon 5, always with the same threspitwylation degrees.

* ds>xCN was identified and characterized in donkey rbjkChianese et al. (2010). Its heterogeneity
is due to its high phosphorylation degree (10, 14,P) and to the presence of deleted forms
(Cosenza et al., 2010; Saletti et al., 2012). Tiket®wphoretic and chromatographic analysis also
suggested the existence of a possible quali-qasingt polymorphism atis-CN locus (paragraph
3.13.3). The absence aof,CN in some samples of donkey milk, as in the hummlk, together
with a lower expression level afs;-CN and-Lg, confirm the compositional similarity of two
milks and represent a scientific basis for donkdiswuse in nutrition of infants with CMP allergy.

* To date, fox-CN only partial data on its cDNA sequence exise Wave experimental evidences of
K-CN presence in DM only after specific immunostai likely depending either on the low
amount of this fraction in the milk or on its lowsgactivity to Blue Coomassie staining. As in
ruminants,kK-CN is the most heterogeneous casein fraction awothably this phenomenon is
generated from its high glycosylation degree. It the fluorescent glycoproteins detection showed
that k-CN is not only the casein with the lowest molecukeight but also the most fluorescent,
being a highly glycosylated protein. For this regsb could have more similarity with human and
equine k-CN than other species. Finally, the immunoelediovptic profiles also showed the
occurrence of a possible genetic polymorphism iatltitus and the non-susceptibility &-CN to
chymosin hydrolysis compared ta;- and as>CN is due to the non paraCN formation. This
result is in agreement with cDNA-CN sequence which would lack of the specific dite
chymosin action.
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3.6 Topic/theme 2: characterization of donkey milkwhey proteins

At present, while the investigation of casein congrts is still at a relatively early stage of pexg, more
scientific data are available on donkey whey prtaionsisting ofi-La, 3-Lg, serum albumin, lactoferrin
and lysozyme as in ruminants and horse milk. Théqouearity of donkey milk is to contain tw@-Lgs (3-Lg

| and B-Lg Il) because the donkey has two genes which @egdor this protein, absent in human milk and
therefore, considered the principal milk allergemeonates and children. This study carried outarkey
whey proteins of animals reared in Italy, is aimedthe characterization of their molecular composit
(primary structure, disulphide bridges) and alsaemntification of possible new genetic variants fer 3-Lg

Il which, according to data reported in literatusbpwed a greater heterogeneity compared the athey
components. The heterogeneity of this protein, (uis qualitative and quantitative polymorphisoauld
influence the milk composition and its allergenioperties, while the positive presence of minor whe
proteins, lysozyme and lactoferrin, may influencgritional, functional and biological properties ddnkey
milk.

3.7 Materials and methods 2

All chemicals were of the highest purity commeigiavailable and were used without further purifica.
Tetra-methyl-ethylene-diamine (TEMED), 2-mercaptegiol, ammonium persulphate, glycine, glycerol,
TRIS (hidroxymethyl-amino methane), SDS (sodium eyl sulfate), acetic acid, methanol, urea,
ammonium bicarbonate (AMBIC), HPLC grade H20, farmacid (FA) and CH3CN were purchased from
Carlo Erba (Milan, Italy). Trichloroacetic acid (A{ Trifluoroacetic acid (TFA), sinapinic acid (SAY;
cyano-4-hydroxycinnamic acid (CHCA), iodoacetamida), dithiothreitol (DTT) were obtained from
Aldrich (St. Louis, MO, USA). Modified trypsin, sagncing grade was from Promega (Madison, WI, USA),
alkaline phosphatase (AP) was from Roche (Mannh@psrmany). Dialysis tubing with molecular weight
cut off (MWCO) 12-14000 Da was from Medicell Intational Ltd (London, UK). Amicon® Ultra
centrifugal filters 3.000 MWCO and ZipTip™ C18 mictolumns were obtained from Millipore (Bedford,
MA, USA). Acrylamide, bis-acrylamide, Ampholine befs were from GE Healthcare Amersham
Biosciences (Buckinghamshire, UK). Coomaassie iBritl Blue (CBB) R250 and G250 were purchased
from Bio-Rad (Richmond, CA, USA).

3.7.1 Donkey milk sampling (sample whey protein pigaration)

Individual donkey milk samples (77) were collecfedim two breeds reared in Italy (Sicilia and Abroyz
and the whey proteins fraction was isolated by ification at pH 4.6 of defatted milk (Aschaffenbugg
Drewry, 1959). The supernatant, containing the wheteins, was recovered by centrifugation (4000 rp
for 30 min) at room temperature and subsequendlyskd in tubing with molecular cut off 12000-140D8Q,
individual whey protein samples were freeze-dried stored at —20 °C before use.

3.7.2 Ultra-thin layer isoelectric focusing UTLIEF (on polyacrylamide gels) analysis

Sample Preparation: lyophilized whey protein samples (20 g/L) for attephoretic analysis were dissolved
in 9M urea solution, containing 2-mercaptoetanain(lL), respectively. 1l of these solutions were loaded
on the gel.

UTLIEF analysis. Ultra-thin layer isoelectric focusing (UTLIEFnholyacrylamide gels (1&258x0,25
mm) was carried out according to the procedureloéizse et al. (2010). Briefly, the polyacrylamgd in

a 4.2-9.0 pH gradient was obtained mixing 1% (#wpholine buffers: 4.2-4.9 (35@), 4.5-5.4 (35QuL),
5.0-7.0 (150QuL), 7.0-9.0 (150uL). UTLIEF analysis was performed with LKB Multiph® Il instrument
(Pharmacia LKB, Bromma, Sweeden) at 10°C and thetrephoretic analysis consists of three steps: pre
focusing (2000 V, 15 mA, 4 W, 30 min), focusing lwihe sample (2000 V, 15 mA, 4 W, 60 min), final
focusing (3000 V, 5 mA, 20 W, 130 min). After thie@rophoretic run, the fixation of the protein daron
the gel was carried out by gel's immersion in 20#)(trichloroacetic acid solution. The gel wasirsta
with CBB G-250 as described by Krause et al. (1988) destained with two solutions of the same vetum
agueous solution containing 20% (v/v) acetic acid aqueous solution containing 50% (v/v) methafbis
technique allows to separate whey proteins accgriirtheir isoelectric point values.

3.7.3 Immunoblotting analysis

This analysis is based on cross-reaction betweeaifsgp polyclonal antibodies produced against theirm
whey proteina-La andp-Lg and their respective antigens. Therefore, thihnique allows to identify the
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main whey proteins according to the specificity whaoy specific polyclonal antibodies produced aghin
these proteins after immunization of rabbits wita individual whey proteing-La andp-Lg.

The reagents for immunoblotting were: PBS buffes% NaCl, 3.9% NakPO,, pH 7), wash buffer solution
and saturating the membrane “blocking solution’ufeq serum at 10% v/v in PBS), development bufies (
mg/ml diaminobenzidine in 10 mM Tris-HCI 0.1 M pkb70.6 mg/ml NiC] 1%).

For immunoblotting analysis, the main whey proteseparated by UTLIEF analysis were transferred by
capillary diffusion from the gel into a nitrocelbde membrane (0.4%m, Trans-Blot, Bio-Rad, Richmond,
CA, USA) and immunostained using polyclonal antiesdagainst bovinex-La and 3-Lg as primary
antibodies. These were prepared according to th@mMog procedure: bovine-La andB-Lg, fractionated

by RP-HPLC, were used as antigen by Primm (Milaaly) to prepare rabbit polyclonal antisera against
bovinea-La andf3-Lg. Finally, the antisera were filtered using Odbn filters (Millipore, Bedford, MA),
divided into aliquots of 1 mL and stored-&0°C.

The immunoblotting analysis was conducted accortingpe procedure described in 3.2.5 paragraplithfor
recognition of the casein components in donkey milk

3.7.4 Reversed-phase high performance liquid chroniagraphy (RP-HPLC) analysis

The HPLC system was provided by Kontron Instrum@iilan, Italy) and is constituted by two pumps
model 420, an injector of the sample (loop ) and a DATA SYSTEM 450 for the chromatography’s
management and for the integration of the peaksasethe chromatograms.

The whey protein samples were fractionated by RREBn a 214TP54 @m Vydac G, 250 mmx 4.6 mm
internal diameter column (Vydac, Hesperia, CA, UBA}Yl the detection was at a wavelength of 220 nitm wi
a UV detector Kontron (Mod. 430). The solvent useste: solvent A and solvent B. Solvent A was 0.1%
(v/v) TFA in ultra pure water and solvent B 0.19%{VTFA in acetonitrile. 5QL of a solution containing 10
mg (whey protein sample)/ mL (solvent A) were loddigo a C4 column, equilibrated with solvent A.eTh
elution program involved an isocratic step with 38&tvent B for 5 min and a linear gradient fromt80
50% solvent B in 45 min, then from 50% to 100% ealvB in 2 min, with a flow rate of 1 mLnith Each
eluted whey protein fraction was manually collectiegleze-dried and stored-é20°C.

This technique allows to separate proteins accgritirtheir hydrophobicity.

3.7.5LC-ESI-MS analysis

The molecular mass determination of the main wheyeins (donkeya-La, B-Lg | andp-Lg II) and of the
minor whey proteins with biological activity (donkéysozyme, serum albumin and lactoferrin) wasiedrr
out using a single quadrupole instrument LC-ESI-M%o the screening on individual whey samples to
discriminateB-Lg Il A from B variant, otherwise comigrating inTWIEF analysis, was carried out using LC-
ESI-MS instrument.

Specifically, liquid chromatography/electrosprayssiapectrometry (LC-ESI-MS) was performed using an
HPLC modular system (HP1100-MSD, Agilent TechnodsgiSanta Clara, CA, USA) with UV detector,
interfaced with a single quadrupole mass spectrametjuipped with a electrospray source (ESI) and
monitored by HP Chem Station software for the agitjan, analysis and processing of the mass spectr

The whey protein samples were fractionated by RREBn a 214TP54@m Vydac G, 250 mmx 2.1 mm
internal diameter column (Vydac, Hesperia, CA, USAYl the UV detection was at a wavelength of 220 nm
Solvent A was 0.1% (v/v) TFA in ultra pure watedaolvent B 0.1% (v/v) TFA in acetonitrile. 1QQ of a
solution containing 5 mg (casein sample)/ mL (sotv&) were loaded into a olumn, equilibrated with
solvent A. The elution program involved a graditatn 37 to 50% solvent B in 30 min, at a flow rafe0.2
mLmin™.

The ESI mass spectra were scanned in the posttivemiode, from 800-240&vz at a scan cycle of 5
sec/scan. The source temperature was 120°C andriffee voltage was 40. Mass values are reported as
average masses. Signals recorded in the massapent associated with the corresponding whey imte
on the basis of the molecular mass, taking intoatt@unt the reported amino acid sequences of arate
donkey whey proteins available on database Swiss(EXPASY proteomics server).

3.7.6B-Lg alkylation and trypsin enzymatic digestion

The digestion of the whey proteins from electrogdior spots was carried out following the procedure
reported by Mamone et al. (2003) in paragraph 32&sYegards the tryptic digestion of the isolafeldg I,
collected by RP-HPLC, it was dried using a Savasmcentrator (Speed-Vac, Milan, Italy), lyophilized,
denatured and alkylated before trypsin hydrolyBigefly, each isolated whey protein fraction (fotaenple
donkeyB-Lg Il) was denatured at room temperature, in angliae buffer (6M guanidine in 0.5 M Tris-HCI
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with 1 mM EDTA) at pH 8. Subsequently, disulfidedyes were reduced by of 10 mM/L DTT for 60 min at
56°C. SH groups were subsequently alkylated withn@®/L 1A in the above guanidine buffer, and
maintained for 30 min in the dark. With the ainrémove the reagents, the alkylated whey proteinuites-
filtered on Amicon® Ultra filters 3000 MWCO, cerftrgated at 4000 g for 25 min and washed with 50 mM
NH4 HCO;, pH 7.4. The retentate solution containing thefimar alkylated whey protein (g8-Lg Il), was
added of trypsin at 1:50 (w/w) and incubated owgrhi(approximately 14 h) at 37°C. The digestion was
stopped by frozen-@0°C).

3.7.7 Matrix-assisted laser desorption/ionizationitne-of-flight-mass spectrometry (MALDI-TOF-MS)
analysis

MALDI-TOF-MS experiments were carried out on a Vgga DE-PRO mass spectrometer (PerSeptive
Biosystems, Framingham, MA) equipped with al&ser (337 nm, 3 ns pulse width) operating indimer in
reflector positive ion mode, using the Delay Exti@t technology. Mass spectra were acquired both in
positive linear or in reflectron mode and using &#d CHCA dissolved in aqueous solution of 50% (v/v)
CAN containing 0.1% (v/v) TFA, at a concentrationl® mg/mL, as matrices for the analysis of pratein
and peptides, respectively. MALDI-TOF-MS analysfsrdact proteins were obtained in linear positiva
mode over thenw/'z range 10000-30000 and were averaged from aboula$80 shots.

As regards peptides analysis, the mixtures of icypéptides were subjected to desalting/concentrattep
with Zip-Tip C,g pre-packed micro-columns (Millipore, Bedford, MAISA) previously equilibrated with
aqueous 0.1% TFA (v/v) prior to analysis by MALDGF. Spectra were obtained in reflectron positive io
mode over amm/z range 600-4000 and were averaged from about &0 Ehots. External calibration was
performed by acquiring separate spectra of a méxtéistandard peptides (PerSeptive Biosystems).

The identification of donkey whey proteins and thogrived peptides was carried out using the knaivay
proteins available on Swiss-prot database (ExPASYepmic server) of Swiss Institute of Bioinfornati
(SIB) and with the online software FINDPEPT (webshttp://www.expasy.org/tools/findpept.html).

3.7.8 Electrospray quadrupole-time of flight-masspectrometry (ESI-Q-TOF-MS/MS) analysis

Tandem MS (MS/MS) data were obtained using a hybuddrupole-orthogonal acceleration time of flight
Q-STAR instrument (Applied Biosystem, Foster CiA) equipped with a nanospray source (Protana,
Odense, Denmark), operating in positive ion modeed>samples were resuspended in 0.1% TFA, purified
from residual salts by loading into ZipTipd{Reversed Phase pre-packed micro-columns (Millifgeéford

MA, USA), and introduced in the source through Isdicate needles, gold coated (Protana Odense,
Denmark). The capillary voltage used was 800 V. lidexcharged ion isotopic cluster were selecteddiggs

the quadrupole mass filter and the induced to fexgnby collision. The collision energy was 20 toeN),
depending on the size of the peptide. The collimiuced dissociation was processed by using Ah&lys
software (Appied Biosystems). The deconvoluted MS/8pectrum was manually interpreted with the help
of Analyst 5 software.

3.8 Results and discussion 2
3.8.1 Characterization of donkey whey proteins by OLIEF and immunoblotting analysis

The most representative UTLIEF profiles of indivadldonkey whey proteins were shown in Fig. 3.28raf
Comassie Brilliant Blue staining (Fig. 3.23A), theain whey proteinsi-La and (3-Lg, were identified
according to known theoretical pl value and aftemunoblotting witha-La and-Lg specific polyclonal
antibodies (B). With the exception of lysozyme whiocused at alkaline zone of pH gradient, on th&isof
the increasing pl valug-Lg II, B-Lg | anda-La focalized in A, B and C (acid) zone of UTLIEH gradient,
respectively. The composition of each electroplhomine was heterogeneous for the presence of atwos
components recognised by each specific polyclon@bady. This was the case of B and C zones wdrg

I and a-La were “excorted” by a and b satellite bandspeesively. While, botta-La andf-Lg | presented
the same pl value in all analyzed samples, fodedint-Lg Il phenotypes were discriminated on the basis
of their pl value. In particular, these latter wenembered in order of decreasing pl value (bands B, 4)
and occurred in homozygous (lanes 4, 5 and 6) atetdzygous form (lanes 1, 2, 3 and 8) (Fig. 3.23).
Taking into account the known theoretical pl val{&able 1.14), A and B genetic variants ®ig Il
focalized in band 2 (pl=4.70B-Lg Il C in band 1 (pl=4.72) anfi-Lg Il D (pl=4.64) in band 4. Since, to
date, none genetic variant having a pl value inggliate between B and PB-Lg Il was reported, the
occurrence of a new variant E was supposed in [Bardoreover, a defective coding allele fsLg Il
determined the absence of expressed protein in TanA similar milk sample was found in Sicilian
(Criscione et al., 2009) and Sardinian (Conti et289) donkey breeds. In conclusion, from a gerpstint
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of view, in examined donkey milk samplesla andf-Lg | were monomorphic anf-Lg Il polymorphic,
since known (B, C and D), new (E) variants andfad#e quantitative allele occurred at thisus.

(A) (B)
4.2 DB DC BC DD CC BB OO DE

anti-B-Lg

[ [
B
pH
-Lg |
d Bb g
a-La
anti-a-La
| _mm...._-—____“-_ <_Lyz
9.C 1 2 3 4 5 67 8 1 2 3 4 5 67 8

Fig 3.23 UTLIEF in pH gradient 4.2-9.0 of individual whgyrotein samples containing representative
donkey phenotypes detected by double staining @Gitbmassie Brilliant Blue (A) and polyclonal antilies
againsto-La andB-Lg (B).

3.8.2 Identification of donkey whey proteins, af3-Lg Il genetic variants, by RP-HPLC coupled to
LC/MS analysis

The screening, carried out by RP-HPLC analysisjndividual donkey whey protein samples, allowed to
select the a and b representative chromatogrargs Jf24). Each chromatogram consisted of five peBis
LC/MS analysis, Lyz, SA/Lfa-La, B-Lg Il andf3-Lg I, in increasing order of elution time, wereidified in
each of these five chromatographic peaks (Table 3.5

In donkey, two variants of lysozyme, named A (Gam¥Zimmermann et al., 1988b) and B (Herrouin €t al.
2000) were reported, whereas the sequences of rmaomoponents of whey fraction, as serum albumin and
lactoferrin were only deduced from the correspogdiBNA sequences in donkey (Li et al., 2004) andema
(Sharma et al., 1999), respectively. No informatisnavailable for the primary structure of donkey
lactoferrin. At this regard the identification adree antimicrobial proteins in donkey milk samplssch as
lysozyme B and lactoferrin, could be responsibletifie low microbial load found in this milk and mbhg
useful to prevent intestine infections in infants.

However, comparing a and b chromatographic profifég. 3.24), a different quantitative expressidr3e
Lgs anda-La can be observed; in particul@Lg Il was lacking in b, while a different quantiize ratioa-
La/B-Lg | was assessed in each profile (a=1 and baXoxpmately).

The use of LC/MS allowed to identify the fopilg Il variants (B, C, D and E), otherwise co-efgfiin the
same chromatographic peak 4 or co-focalising as#éme pl value of UTLIEF pH gradient, d.g Il A and

B (Table 3.5).

These results indicatgitLg Il B as the most common phenotype at donBeyg Il locus compared t@-Lg

II' A and confirmed the monomorphism afLa and-Lg | due to the occurrence of A and B variants,
respectively. We found a more complex polymorphifif3-Lg Il for the occurrence of known (B, C and D)
new (E) variants and null allele at thigus.

Furthermore, the HPLC analysis of whey samplesaiointy B, C and B-Lg Il variants (Fig. 3.25) showed
a different peak area in the following decreasimiea (BB) < (CC) < (DD); therefore these geneticiants
could be expressed by quantitative alleles (stramgymediate, weak and null). It was well knowmttla
similar quali-quantitative polymorphism was fountdgmat as;-CN locus and the related scientific studies
reported in numerous research papers (Martin €2@0D2; Caroli et al., 2006; Marletta et al., 2007)
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Table 3.5:Identified donkey whey proteins by LC/MS analysis.

Retentetion timg Peak| Molecular Mass (Da) Protein identificatipn
(min)

Measured Theoretical

17,6 1 14.626 14.631 Lysozyme B

24,4 2 65.601 65.597 Serum Albumin
75.536 75.420 Lactoferrin

27,5 3 14.210 14.214 a-La A variant

28,6 4 18.221, 18.239,18.227, 18.241| B-Lg 1| B, C, D, F’
18.314, 18.256| 18.311 variants

30,3 5 18.505 18510 B-LgIB

2Horse Molecular Mass
b present research

3.8.3 Characterization of the new3-Lg Il E variant by MALDI/TOF/MS analysis and ESI-Q -TOF-
MS/MS analysis

To characterize the nefi¢Lg Il E variant, the whey proteins of sample camitzg the variant, were separated
by RP-HPLC (Fig. 3.26) and the eluted peak 4 mdyuwallected, was submitted to LC/MS analysis.

mAU Lyz a-La B-Lg |
1000
800
B-Lg Il DE
600 J
400
200
o] |
T ] i % 5 % T ]

Fig 3.268 RP-HPLC profile of donkey whey sample containihgnd EB-Lg Il variants.

Two components at M18314 and M 18256 Da, were determined in the peak sampleh&de, the first
corresponded to expect@elLg Il D variant (Table 3.5) while the other one svassigned to the new genetic
B-Lg Il E variant. To identify the amino acid sulbstions,3-Lg Il D and E variants (co-eluted in peak 4)
were digested by trypsin before MALDI TOF analysitie obtained mass spectra (Fig. 3.27) gave rise to
peptides with measured masses reported in Tablea8.@xpected, all signals were assigned to D maria
except two new T(E) and & (E) peptides at M2001.2 Da and 2356.8 Da, displayed in insets dafithese
peptides presented a molecular weight lower of &9 28 Da than T(D) and T (D) respectively. These
achieved data were in close agreement with the &mblecular mass difference measured betvkg II

D andp-Lg Il E.

The peptides T(E) and T (E) were submitted to ESI-Q-TOF-MS/MS analysis $equencing and thus,
determine the amino acid substitutions between tfieign 3.28): the peptide {T(E) corresponded to the
sequence 1-18 with two amino acid substitutioAs>B? and the C-terminal B—K*® while the peptide I
(E) corresponded to the sequence 19-40 and exctiaregpected to peptide, TD) for amino acid
substitution °>—-A?>. Overall, theB-Lg Il E amino acid substitutions experimentallysebved in this work
were all confined in the N-terminal area of thetpio sequence that was known to be conserved atheng

otherB-Lg Il genetic variants.
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Fig 3.27 MALDI-TOF mass spectrum of tryptic digest BfLg Il DE. Inset in panel a: peptide 1-18 T1(D)
and T1 (E) in m/z range 1990-2050. Inset in pangbdptides 19-40, T2(D) and T2(E) recorded in mass
range 2360-2420.

Table 3.6 MALDI-TOF MS identification of RP-HPLC peak 4 ¢bd at 28.6 min (Fig 3 o 4) digested with
trypsin.

Fragment| Position| Molecular Mass, Da Peptide Sempgen B-Lg Il
variants
Theoretical| Measured

Tl 1-18 2029.9 2030.6 OIPQTMQLDDLQEVQGR D

T1 1-18 2000.2 2001.2 | TNIPQTMQLDDLQEVQGK E
(-29Da)

T2 19-40 2384.2 2384.8 WHSVAWASDISLLDSESAPLR D

T2 19-40 2355.8 2356.8 | WHSVAMAASDISLLDSESAPLR E
(-28Da)

T3 41-59 2240.2 2240.8 VYVEELRPTPEGNLEIILR D, E

T4 60-69 1112.5 EGANHVCVER D, E

T5 70-75 671.4 NIVAQK D, E

T6 76-90 1724.8 1725.4 TEDPAVFTVNYQGER D, E

T8 92-125 3831.8 39457 | ISVLDTDYAHYMFFCVGPPLPSAEHGMV | D, E

T6+T8 91-125 3959.8 409%.6 | KISVLDTDYAHYMFFCVGPPLPSAEHGMV | D, E

T10 129-136 | 977.4 VDEEVMEK D, E

T10+T11| 129-139| 1368.5 VDEEVMEKFSR D, E

T12 140-160 | 2240.2 ALQPLPGHVQIIQDPSGGQER D, E
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Fig 3.28 ESI-Q-TOF-MS/MS fragmentation of;T(1-18) and 7} (19-40) tryptic peptides of-Lg Il E
variant.

3.9 Conclusions 2

The proteomic characterization of the whey fractiorindividual donkey milk samples allowed, togethe
with the identification of already known whey priote such as lysozyme Bi-La A and-Lg | B, the
detection of minor components (serum albumin awtbfarrin), whose sequences were only deduced from
corresponding cDNA sequences in donkey and maspeotively.

The application of proteomic methodology to the kignwhey proteins has also led to the identificatid a
novel3-Lg Il genetic variant, which we named E, in adztitio already knowg-Lg Il variants (A, B, C, D)
in literature. The presence of these different mualer forms offf-Lg Il explains its greater heterogeneity
compared to other donkey whey proteins, as the monphica-La A andB-Lg | B.

Three amino acid substitutions characteriffedg 1l E variant in comparison with D variant: p-Lg Il
Asp’— E B-Lg Il Asn?, D B-Lg Il Arg*®*— E B-Lg Il Lys*® and DB-Lg Il Val®— E B-Lg Il Ala®. These
results indicated a direct phylogenic origin ofr&nfi D variants. Moreover, since the percentage afra.g

Il DE was very close to CD HPLC profile counterpdrcan be hypothesized thatl.g Il E is expressed by
an intermediate alleles.

From a nutritional point of view the minor conteif3-Lgs in donkey milk in addition to quantitative gdic
polymorphism occurred at donk@yLg Il locus can be related to the tolerance meigmmf donkey milk in
the allergic patients to bovine milk.

Thus, the proteomic methodology is a powerful tmolinderline the genetic biodiversity inter andiura
species. In particular, the sensibility of basegasative technique as UTLIEF was very high ane abl
discriminate betweefi-Lg Il D and E variants and betwe@A g Il C and B/A variants differing each other
for 0.01 pH unit.
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3.11 Topic/theme 3: quantitative characterization bdonkey milk proteins (caseins and whey proteins)

Donkey’s milk may be considered a valid alternatifieg infant nutrition, to powdered milks, soybeauilk

or other formulas, since its composition in lact@sel proteins is very close to human milk. So, mece
clinical studies confirm donkey milk feeding as @fese valid treatment of most complicated cases of
multiple food allergies compared other infant fotasu However, information on the donkey milk
composition is more limited than that on mare’skqnithich has also been studied as an infant fobd.dim

of the this part of the study is to characterizerikiey milk” product, especially with regard to tmount of
protein fractions. In fact, although the mechanéfrdonkey milk’s tolerance has not been fully died, it is
reasonable to hypothesize that the hypoallergaipgsties of donkey’s milk can be related to st and
quantitative differences of its protein componenith respect to bovine milk.

3.12 Materials and methods 3

All chemicals were of the highest purity commelgiavailable and were used without further purifica.
Tetra-methyl-ethylene-diamine (TEMED), 2-mercaptegiol, ammonium persulphate, glycine, glycerol,
TRIS (hidroxymethyl-amino methane), SDS (sodium atydl sulfate), hydrochloric acid (HCI), sulphuric
acid, sodium hydroxide (NaOH), boric acid, acetmida methanol, urea, potassium sulphateS®),
ammonium bicarbonate (AMBIC), HPLC grade H20, farmacid (FA) and CH3CN were purchased from
Carlo Erba (Milan, Italy). Trichloroacetic acid (AL Trifluoroacetic acid (TFA), sinapinic acid (SAYr
cyano-4-hydroxycinnamic acid (CHCA), iodoacetamid®), dithiothreitol (DTT) were obtained from
Aldrich (St. Louis, MO, USA). Modified trypsin, sagncing grade was from Promega (Madison, WI, USA),
alkaline phosphatase (AP) was from Roche (Mannh@gsrmany). Dialysis tubing with molecular weight
cut off (MWCO) 12-14,000 Da was from Medicell Intational Ltd (London, UK). Amicon® Ultra
centrifugal filters 3.000 MWCO and ZipTip™ C18 mictolumns were obtained from Millipore (Bedford,
MA, USA). Acrylamide, bis acrylamide, Ampholine lieis were from GE Healthcare Amersham
Biosciences (Buckinghamshire, UK). Coomaassie iBntlBlue R250 and G250 were purchased from Bio-
Rad (Richmond, CA, USA).

3.12.1 Quantitative determination of the milk’s nitogen fractions (TN, SN, NPN) by Kjeldahl method

Eight significant donkey milk samples were seledtedelation to the identification of quali-quaatiive
polymorphisms, and used for the determination efriirogen substance according to the FIL-IDF (3983
procedure with the Kjeldahl method.
The Kjeldahl method (FIL-IDF, 1993) is an analytinzethod for determining the nitrogen content afaoic
and inorganic substances. It includes three step:

* mineralization;

« distillation;

« ftitration.
The mineralization phase consists in the oxidatibthe sample and in the processing of proteirogén in
inorganic nitrogen with sulphuric acid. In orderaocelerate the reaction,80, is added as catalyst which
increases the boiling point of sulphuric acid ahdnt the oxidation temperature. This phase lasterakv
hours and is completed when the solution is clear.
After mineralization, the cooled sample is addestiltbd water and 40% (w/v) NaOH to release NHor
direct injection of water vapor in the sample, tkkEl; is distilled in a vapor stream and transported to
condenser, where it condenses together with waigorv In a flask containing boric acid and a mixagthyl
red-green bromocresol indicator (weakly reddistutsmh), the distillate is collected (blue solutioR)jnally,
the distillate is titrated with 0.1N HCI. The titi@n is concluded at the turning of the indicatbigt is when
the indicator becomes colourless.
The % nitrogen is the result of the following ratio

mL HCI x N HCI x 1.4007
Sample weight

The protein content (%) is obtained by multiplyiting nitrogen content (%) for a conversion factohjalu,
for milk proteins is equal to 6.38.

3.12.2 Preparation of the milk’s nitrogen fractions(TN, SN, NPN)
The total nitrogen (TN) was determined directhtlie milk; the nitrogen content of milk, solublep 4.6
(SN) refers to the nitrogen content obtained aftex precipitation of the casein fraction with aceti

acid/acetate buffer. After the extraction of theqgipitate by filtration, the filtrate contains pH64soluble
nitrogen and was used for analysis according t@tbeedure described for total nitrogen.
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It is possible to calculate the casein nitrogent&otas difference between the total nitrogen &aedoH 4.6
soluble nitrogen content.

The non protein nitrogen (NPN) refers to nitrog@mtent obtained after the precipitation of the girg
(caseins and whey proteins) in the sample by th@iad of TCA solution to achieve a final conceima of
TCA of 12% in the mixture. Extraction of the preitipe by filtration, with the filtrate containing™N which
was used for analysis according to the proceduserited for total nitrogen. It is possible to cédte the
true protein nitrogen as the difference betweertdtad nitrogen and the non protein nitrogen conten

3.12.3 Sodium Dodecyl Sulphate-Polyacrylamide geleetrophoresis (SDS-PAGE) analysis

Sample Preparation: donkey milk samples (1 mL), after skimming by ei#agation at 4000 rpm for 30 min,
were added of a denaturing solution (0.062 M Tri3kH2% (w/v) SDS, 5% (v/vp-mercaptoethanol, pH 6.8)
using about 90% of its water in donkey milk. Thdknsamples, after adding the denaturing solutioarew
added of 10ul bromophenol blue, as tracer of electrophoretic amd then heated at 100°C for 5 min.
Volumes of 1Qul of this final sample were loaded in the gels.

DS PAGE analysis: SDS-PAGE was carried out with a vertical elechmngtic apparatus (Protean II, Bio-
Rad, Richmond, CA, USA) according to the proceddescribed by Laemmli, (1970), by using a 4%
polyacrylamide stacking gel in 0.5 M Tris-HCI buffgpH 6.8) and a 18% or 15% polyacrylamide resavin
or running gel in 1.5 M Tris-HCI buffer (pH 8.6) the presence of 10% SDS. The polyacrylamide getew
obtained by co-polymerizing acrylamide and bis-Eanyde with N,N,N’,N’-tetrametiletilenediammina
(TEMED) and ammonium persulphate (PER) added, otisiedy, as activator and catalyst of polimerizatio
reaction. As molecular standard, a low moleculaigivestandard kit (LMW Calibration kit, AmershamEG
Healthcare, UK) was used. Electrophoresis was padd at constant voltage 200 V (for about 6 h)hia t
migration buffer containing 0.2M glycine, 0.025 MiFand 0.1% SDS. The gel staining was performed wi
0.1% (w/v) Coomassie Brilliant Blue CBB R-250 disgal in a fixative solution (50% (v/v) methanol and
7% (v/v) acetic acid), followed by destaining im@ueous solution containing 30% (v/v) methanol 20%
(v/v) glacial acetic acid.

This technique allows to separate proteins accgrtfiair molecular weight.

3.12.4 Densitometry

The densitometric analysis of the electrophoreB S AGE profiles of the individual donkey milk salep
were carried out with a scanning laser densitom&t€B 2202 UltoScan XL Enhanced Laser) equippecdwit
an integration program gel-Scan 2,0 and conneatednt IBM computer PC/PS2. Gel image analysis
(recognition of the bands, calculation of the malec weight and amount of each band) were autoaifjtic
performed by the software. The densitometry is thame the measurement of the transmitted light wéien
laser beam is made to pass through the gel allowirggantitative evaluation of individual bands. The
intensity of transmitted light when a laser beanpassed through the gel is inversely proportionathe
amount of protein present in the band. The intgnsftthe bands is expressed in the form of peaks in
“densitogramma”, where the optical density detettgthe instrument, for each single spot, is exggdsas a
percentage of the optical density of all spots esponding to the different stained fractions to iGassie
Brilliant Blue. The densitometry should be usedhwifiution, since the range of protein concentration
which there is a linear relationship between tratteoh light and concentration is very restrictedd an
addition, the proteins are often stained in a diffi¢ way.

3.12.5 Quantitative analysis of donkey caseins amchey proteins by RP-HPLC

After the fractionation of donkey caseins and whegteins by RP-HPLC, a quantitative analysis of
components was performed by integration of the pamdas corresponding to each individual protein
fraction.

3.13 Results and discussion 3

3.13.1 Quantitative determination of donkey milk poteins by Kjeldahl method

In eight individual donkey milks analyzed, the age# protein content, consistent with data repobgd
Salimei et al. (2004) and Guo et al. (2007), wd8%+ 0.2, varying from a minimum (1.10%) to maximum
value (1.81%) (Table 3.7-Fig. 3.29).

The reasons for this variability have aroused titerest in studying the quantitative distributiohtbe
individual protein fractions in donkey milk.
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The average percentages of casein, whey proteinN@id (contents) were 34.61%, 49.80% and 15.55%
(Table 3.7-Fig. 3.29), respectively. These ressl®wed remarkable differences compared with other
mammalian milks and were within the range of vdligbreported in literature on donkey milk (Salimet

al., 2004; Guo et al., 2007), with the exceptiomafasured CN content which was lower than thatrtego

by Guo et al. (2007) for Chinese donkey milk.

The average NPN content is resulted very clos@édovalues for human and mare’s milk (Malacarnel.et a
2002). The nutritional and biological significanoé this milk fraction is still far from being congtely
understood, but seems to be related to the developai infant (Emmet & Rogers, 1997). In donkeyksil
analyzed, the whey protein content was more simdanuman milk (defined typically aabuminex) than
cow's milk (defined as a caséinoux milk) (Malacaeteal., 2002), while casein content was interntedia
between human and ruminant milk casein (Traviaf).98

The richness in whey protein content of donkey’'tkjras mare’s milk, make it more favourable to hama
nutrition than cow’s milk, because of the relativéligher supply of essential amino acids (Hambraeus
1994).

Table 3.7-Fig. 3.29the average composition of proteins and nitrogsrfoactions in analyzed donkey milk
samples.

Proteins (% NTx 6.38) % % %
(g x100 mLY) Whey proteins (WP) Caseins (CN} NPN
Mean 1.48 49.80 34.61 15.5%
S.D. 0.21 7.49 6.89 2.32
Min. 1.10 40.38 21.33 11.71
Max. 1.81 63.33 41.03 18.82
70 7 49.8
60 1
501 34.61
. 404
> 30 15.55
207
10 A
0 T
Whey proteins Caseins (CN) NPN
(WP)
Nitrogenous fractions

3.13.2 Determination of casein: whey protein (CN:WpPratio by SDS-PAGE analysis and Densitometry

The evaluation of the CN:WP ratio is important,ceira milk with a reduced protein content, but esgc
with a ratio comparable to human milk (40:60),esd allergenic than cow’s milk (80:20), and thusild be

a valid alternative non only for nutrition of infanwith CMPA, but also a valid substitute if humaiik is
unavailable. Although it is not clear what are thajor allergens in cow’s milk, several studies destmted
that most children with CMPA synthesize antibodiesinly againsti-casein and3-Lg (Bevilacqua et al.,
2001; Ametani et al., 2003). Even goat milk witloeer amount obig;-CN, may be responsible for the soft
curd produced in the infant stomach and is lessgdiic than cow’s milk (Lara-Villoslada et al.,02Q. In
fact it has been previously demonstrated that gaaitk defectiven-CN decreases sensitizationtd g, also
ensuring its better digestion (Bevilacqua et 40D).

The mechanism by which a milk with a lower casaintent can be less allergenic is unknown, but cbeld
related to the biochemical interactions betweericaandp-Lg. The digestion off-Lg, a protein known to
be resistant to gastric pepsin, might be facilddtg lower casein content, as it is known that icessand3-

Lg are tightly linked into the casein micelles.this sense, the absence or reduction-@N content might
inhibit the initiation of the allergenic course dather milk proteins, such g%Lg (Lara-Villoslada et al.,
2005). Moreover, using this scientific evidencesnitk with a minor content of caseins than wheytpits
may be particularly suitable for human consumptisimce the whey proteins are proteins with high
biological and nutritional value and therefore, e@uof essential amino acids.

In order to enhance the donkey milk as a natufastgute of human milk, the CN:WP ratio was deteraci

in the examined donkey population.

88



The most representative donkey milk samples, apdly®y SDS-PAGE, were shown in Fig. 3.30, after CBB
staining. In the electrophoretic profiles, threeas were separated: A, in which proteins, with ghhi
molecular weight (MW) are migrated, a central aBsain which proteins with an intermediate MW are
migrated and a C zone, in which low-MW proteins migrated.

By recognition of the protein marker bands and leynparing protein migration patterns with those
previously published for mare (Miranda et al., 2084d donkey (Salimei et al., 2004; Guo et al.,720@
was possible to identify the following proteins lmnoglobulin IG (approximate relative molecular mégs
94 KDa), lactoferrin Lf (approximate M5 KDa), serum albumin SA (approximatg 80 KDa), casein CN
(approximate Mof 21 to 35 KDa)B-Lg (approximate M18 KDa), lysozyme Lyz (approximate, M5 KDa)
anda-La (approximate M14 KDa).

The casein fraction, with intermediate MW, has raigd in the central area and is well separated fubey
proteins. After all, the whey proteins with high M{\g, Lf and SA) are quite distinct from those widw
MW (B-Lg, a-La and Lyz), whereas the tweLg componentsf-Lg | andB-Lg Il) do not separate between
them.

)

. a-La 1
14---..3:::::'..::::Lyz
20 .----.-’- - 4—B-Lgl+l 7
22 | L1 B Ll L L LI Gl

45— i < 'F
e . i

oriain

KT 1 2 3 4 5 67 8 9 10 11 1213

Fig. 3.30 determination of CN/WP ratio by SDS-PAGE analyfisepresentative donkey milk samples.

Since the casein fraction was separated from theyvghoteins with SDS-PAGE analysis, the quantieativ
determination of these two protein fractions wasied out by densitometry in order to evaluate @¢&WP
ratio in donkey milk samples. The data of densitmyngexpressed as percentage of total protein) weosvn

in Table 3.8-Fig.3.31. It showed has shown thatatverage casein content was 39.08%54, varying from

a minimum of 23.11% to maximum value of 63.68% hasy, however, a lower value than that of cow’s
milk. The average whey proteins content was 60.21P464 resulting a higher value than that of cowikm
and very close to human milk. It varied from a miom of 36.32% to maximum value of 76.89%.

In this way, in analyzed donkey population the mEMWP ratio value was calculated to be 0160.24,
resulting similar to that found in human milk, aswkecifically, it was intermediate between the lowaiue

of human milk (0.60) and the higher value of comk (4), consistent with the findings reported Dravia
(1986). Moreover, this ratio value (0.67) was lowempared to that found in donkeys bred in Chind)(1
indicating in the latter a major casein level gsoréed by Guo et. (2007).

In donkey milks analyzed, the values of CN:WP ratidicated a high variability in the expression of
individual protein fractions; in fact about 19% afialyzed donkey population exhibited a CN:WP ratio
0.5% and only 7% of the population exhibited a CIR:Vétio > 1. This result could be important forui
genetic selection of donkeys producing “hypocas&iniilk, because the casein and whey proteinBs)
content influences milk’s allergenicity.

Table 3.8-Fig. 3.31determination of CN/WP ratio in examined donkeilkraamples.

CN/WP ratio 0.67

% CN | % WP CN/WP

80 1

70 60.92 Mean 39.08 | 60.91 0.67
gg: 3908 S.D. 7.54 7.54 0.24
2 40 Min. 23.11 | 36.32 0.3
zg: Max 63.68 | 76.89 1.75
10

0l

CN
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3.13.3 Determination of expression level of donkegaseins by RP-HPLC

For the quantitative determination of donkey caseirthe individual casein samples were
chromatographically separated by RP-HPLC (Fig. 8.8@d identified by mass spectrometry methods.
Subsequently, the average expression level of dookseins .-, 05y, B-CN) was determined through the
integration of chromatographic peaks. The datarésqed as percentage of total caseins) were shown i
Table 3.9-Fig.3.33.

Table 3.9-Fig.3.33 determination of donkey casein content (% of thil caseins) in examined casein

samples by RP-HPLC analysis.

80 - 66.99
70- I
60 L 0s1-CN | as2-CN | B-CN
50 - Mean | 25.34 1.82 66.99
<40 2534 S.D. 5.85 1.50 7.93
30- Min. 3.42 0.02 45.92
20 - Max. 34.56 6.42 84.55
1.82
10-
0 ==
as1-CN 0s2-CN p-CN

The results showed that the most abundant cassitidn in analyzed samples WasCN (66.99 %t 7.93),
followed by as-CN (25.34%:+ 5.85) andosCN (1.82+ 1.50), highlighting a high individual variability
the expression level of each casein fraction. Sigatly, the mean content @3-CN in analyzed donkey
caseins was about 66.99% 8.87 mg/mL) of the total caseins, varying from @mimum 45.92 % to
maximum value of 84.55%. This result obtained fonkky milk is in good agreement with tReCN content

in human (4.00 mg/mL) milk but is very low compar@dmare (11 mg/mL) and cow (10 mg/ mB)CN
content (Miranda et al., 2004).

The mean content of donkey-CN was about 25.34%](1.5 mg/mL) of the total caseins varying, however,
from a minimum of 3.42% to maximum of 34.56% andwimg thus, a high variability in the expression
level of the asinine protein. In fact, the HPLC Igsis of individual caseins showed different peadaa for
0si-CN (Fig. 3.32), in the following decreasing ord€&able 3.10-Fig. 3.34): A (32.27%)1.00 mg/mL), B
(24.05%) (01.4 mg/mL) and C (3.42%)10,2 mg/mL); therefore the donkey;-CN could be expressed by
guantitative alleles (strong, intermediate, wead/annull).

mV500 BN

as-CN

\4 L 0sCN ‘ ‘.'u )
J

A

M (st-?\l \j ¥ I‘l
. L e R R

) T T T T T T T T T T T T T T T T T T
t=min 5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30

Fig. 3.32 expression level of donkey;-CN by RP-HPLC analysis.
These results confirmed the quantitative polymapwhat donkeys;-CN locus and suggested that there are

donkeys, as goats, which produce milk with a mioontent of this allergenic protein. At this regatite
possible use of donkey milk for patients with CMRAuld be encouraged lys;-CN expression level,
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mainly for weak and intermediate phenotypes marglai to human (0.8 mg/mL) milk and much lower than
cow dg;-CN content (10.0 mg/mL) (Miranda et al., 2004).

Table 3.10-Fig. 3.34expression level (%) of donkey;-CN by RP-HPLC analysis.

Donkeyasi-CN allele
0. 3227
35 - 24.05 Donkeyas1-CN allele
38: Strong | Intermediat¢ ~ Weak/nul
<90 - Mean| 32.27 24.05 3.42
15 - 342 SD.| 168 4.46
10+ : :
8, Min. | 30.08 11.71
0 ‘ === Max. | 34.56 29.87
Strong Intermediate ~ Weak/null

In analyzed samples, tlog-CN was the less abundant casein fraction (1.82%)J11 mg/mL) compared to
0s;-CN andp-CN, varying however from minimum of 0.00% to maxim value of 6.42% (Table 3.9-Fig.
3.33). In analyzed donkey milk samples, the mednevaf a;-CN content was very close to that of mare’s
milk (0.2 mg/mL) and much lower compared to cow#kni3.7 mg/mL), whereas the presencengfCN in
human milk has not been demonstrated (Miranda ,€2@04).

As for donkeyag;-CN, the HPLC analysis of individual caseins show#terent peak areas fars,CN (Fig.
3.32), in the following decreasing order (Tablel3Fig. 3.35): C (4.04%){0.2 mg/mL), B (1.78%)[{0.1

mg/mL) and A (0.53%) [[ 0.03 mg/mL); therefore the donkeys»CN could also be expressed by
quantitative alleles (strong, intermediate, wead/annull).

Thus, a lower expression level or the absenae, €N in some samples of donkey milk, as in humarkmil
together with minor content ais;-CN and3-Lg confirm the compositional similarity of two rké and
represent a scientific basis for donkey milk’s irsautrition of infants with CMPA.

Table 3.11-Fig. 3.35expression level (%) of donkey;-CN by RP-HPLC analysis.

Donkey as2>CN allele

4.04

6-
2]
2]
41 Donkeyas2-CN allele

< g; 178 Strong | Intermediate ~ Weak/nul
2] i oss Mean | 4.04 1.78 0.53
11 ' S.D. 1.06 0.58 0.20
o : Min. | 3.04 1.03 0.00

Strong Intermediate Weak/null Max. 6.42 2.95 1.00

The relatively low level of caseins, ag-CN in donkey milk (1.5-2.00 mg/mL) compared witbvne milk
(10 mg/mL) may be significant and, coupled with tbes protein content, may be responsible for th& so
curd produced in the infant stomach and foal. Guoak lacking as;-CN has poor coagulation properties
compared with milk containings;-CN and also ensures a befekg digestion.

These data, together with a greater homology okelpreaseins primary structure with human companed t
cow’s ds;-CN represent a scientific basis to explain thénbigligestibility and lower allergenicity of donkey
milk than other species’ milk (Table 3.12).

Table 3.12 Homology's percentage of donkey caseins in commparwith other species (expasy.org)
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Human

Donkeyl Mare Cow Goat Shegp
0s-CN | 40% 100% 90%| 36% 36% 36%
0s-CN 100% 89% | 60% 60% 60%
B-CN | 54% 100% 90%| 49% 49% 49%

3.13.4 Determination of expression level of donkeyhey proteins by RP-HPLC

For the quantitative determination of each donkeyeyv protein, the individual whey samples were

chromatographically separated by RP-HPLC (Fig. Ba8@i identified by mass spectrometry methods @ abl
3.5).

a-La

a-La

BLgl

BLgl

B-LallB

Lyz 1
B-LallC

15 20 25 30 35
Retention time (min}

15
Fig 3.36 RP-HPLC of donkey whey proteins.

Subsequently, the average expression level of elactkey whey protein was determined through the

integration of chromatographic peaks. The datargsgqed as percentage of total whey proteins) werers
in Table 3.13-Fig.3.37.

Table 3.13-Fig. 3.37determination of content of each donkey wheygiro(% of the total whey protein) in
examined whey samples by RP-HPLC analysis.

Lyz SA/Lf |a-La | B-Lg | B-Lg | B-LG | B-Lg | B-Lg | B-Lg | B-Lg | B-Lg
| IIBB | HCC | IDD | IBC | IBD | I CD | Il DE
Mean| 23.55| 3.01| 33.1836.03| 3.34 1.66 0.54 3.34 2.94 1.53 1.73
S.D.| 4.16 144 468 4.70 1.4y 0.87 0.72 2.09 1{31.83 Q
Min. | 14.57| 0.00| 23.2021.58| 0.00 0.00 0.00 1.63 1.60 0.22
Max. | 33.91| 15.23| 46.8047.05| 8.10 5.05 2.38 7.62 4.2 3.03
45 ~ 36.03
40 33.18
35
30 23.55 %
< 25+
20 -
15 ~
10
5 8.01 1.53 1.73
O T i T T
Lyz SA/Lf a-La p-Lg! B-Lg p-Lg PB-Lg B-Lg PB-Lg B-Lg B-Lg
BB 1ICC IIDD 1IBC IIBD 1ICD IIDE

The mean content of Lyz in analyzed donkey wheytgime was about 23.54%1@2mg/mL), showing a
considerable variability from a minimum (14.57%) meaximum value of 33.91%. The percentage of
lysozyme in donkey whey proteins (23.54%)2mg/mL) was much higher than in human (0.50 mg/amd
mare (1.10 mg/mL) milk, whereas only traces weretbin cow’'s milk (Solaroli et al., 1993; Mirandaad.,
2004). The large amount of Lyz in donkey milk wésoaconfirmed by Salimei et al. (2004) and Guolet a
(2007) and may be responsible for its low bacterdaint and could be useful to prevent intestins¢ases in
infants. Many authors have shown interest in thgelaamount of Lyz in donkey milk, and according to
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Coppola et al. (2002), donkey milk represents aim@ growth medium for certain strains of usefattic
acid bacteria. It must be noted that lysozyme @albo considered as an indirect “bifidogen factor”

The lactoferrin and serum albumin together accaljrda average, 2.88%10.25 mg/mL) of the total whey
proteins, varying from a minimum 0.00% to maximuaiue of 15.23%. The determination of percentages of
these two biological whey proteins representedimportant result. In fact, the donkey lactofer@tthough
representing together with SA a minor component tbher whey proteins, not only in donkey, but afso
other mammalian species, such as mare (0.82 mg/minan (2.3 mg/mL) and cow (0.47 mg/mL)
(Malacarne et al., 2002), display many biologieaidtions: regulation of iron homeostasis, cellgerwth,
anti-microbial and anti-viral functions, and prdien against cancer development and metastasis
(Vincenzetti et al., 2012).

The mean content @f-La in donkey whey proteins analyzed was about&2.{13 mg/mL), varying from a
minimum 23.20 % to maximum value of 46.80%. Thisuteobtained for donkey milk is in good agreement
with thea-La content in mare (3.30 mg/mL) milk but is vetighcompared to human (1.6 mg/mL) and cow
(1.2 mg/ mL)a-La content (Miranda et al., 2004).

Regarding donkef-Lg, in this study we were able to separate thedamponents of the proteiff-Lg | and

1) by RP-HPLC, something that to date no one heénbable to do. The mean contenfidfg | in donkey
whey samples analyzed was about 36.08P8.2 mg/mL), varying from minimum of 31.58% to maxim
value of 47.05%. The mean content of donReyg | was very close to that of cow’s milk (3.3 md/) and
mare’s milk (3.0 mg/mL), whereas in human ngltg is absent (Miranda et al., 2004).

The donkeyp3-Lg Il was separated frofd-Lg | by RP-HPLC analysis, which allowed to detammits mean
content. Subsequently, the LC-MS analysis of irtiiel whey proteins allowed to identify fo@rLg Il
variants (B, C, D and E) otherwise co-eluting ia #ame chromatographic peak or co-focalising asdmee

pl value of the UTLIEF pH gradient, #sL.g Il A and B.

We found a complex polymorphism pB£Lg Il for the occurrence of different variants amall allele at this
locus. Furthermore, the HPLC analysis of whey samplegaining B, C, and B-Lg Il variants showed a
different peak area in the following decreasingeord@B (3.34%), CC (1.66%) and DD (0.54%). The whey
samples heterozygous ftLg Il also showed a different peak area in théofeing order: BC (3.34%), BD
(2.94%), DE (1.73%) and DC (1.53%). Donkey wheyt@ires with a lower or zer@-Lg Il content (0.50-
0.00%) were also identified in donkey populatioalgned.

These results confirmed the quali-quantitative padyphism at donkey-Lg Il locus and therefore the
possibility thatp-Lg Il variants could be expressed by quantita@lleles (strong, intermediate, weak and
null) as at goati;;-CN locus. Since the percentage area valug+fg Il DE was very close to that of CD
counterpart, it can be hypothesized fBig Il E (new variant) is expressed by an interraéslallele.

In donkey milk, the totaB-Lg, absent in human milk, accounted for approxehat40% of the whey
proteins, equal to the level in mare milk and lowem that in cow’s milk, wher@-Lg can account for up to
50% of the total whey proteins (Solaroli et al.929Miranda et al., 2004). Other authors foundva [BBLg
content in mare’s milk compared with cow’s and deyknilk (Malacarne et al., 2002).

However, from these analytical data, it appearst thahigh lysozyme content together with other
antimicrobial proteins in donkey milk can be im@mt from an immunological point of view and for the
shelf life of the same milk. The two main whey mios (-La andB-Lg) are expressed at the same level, but
with a prevalence of-Lg and for this latterp-Lg | is expressed at higher level th@x g Il as known in
literature (Godovac-Zimmermann et al., 1988; 199yreover, the quali-quantitative polymorphism at
donkeyf-Lg Il locus highlighted the possibility th§d-Lg could be expressed at low level in donkey raifid
this, may affect its composition and thereforealtsrgenic properties.

These findings, together with the low casein conteare probably related to the hypoallergenic
characteristics for both donkey and mare milk (Bosiet al., 2000; Carroccio et al., 20089 is, in fact,
the probable major milk allergen not only in adidtg also in children (Carroccio et al., 1999).sThrotein

is absent in human milk and thus may react aslargeh. In fact, its particular folding makpsd_g resistant

to peptic digestion at low pH, even after denataraf{Dalgalarrondo et al., 1995). Conversely atp#, 3-

Lg is very susceptible to the pancreatic enzymestwtompletely hydrolyze it. The surviving peptidesm
B-Lg digestion can cross the gut mucosal barriesensitise the immune system and/or elicit an atterg
response, acting as epitopes (Wall, 2004).

With respect to boving-Lg, seven IgE epitopes (AA 1-16, AA 31-48, AA 43;AA 67-78, AA 75-86 AA
127-144 and AA 144-151) were identified (Jarvinéalg 2001). Among these, two the fragments 4 &60
127-144 were identified as the main IgE binding inmoreactive epitopes. The knowledge about the
allergenic epitopes of bovin@-Lg, together with the determination of the primatyucture of different
donkeyB-Lgs provide the basis for some comparison of tkeguences. According to Cocco (2007), the
substitutions or deletions of one or more amina®dn a protein as donkdLg could result in a partial
reduction or elimination of IgE binding regionsrirajority of patients.
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Comparison of the bovin@g-Lg with donkeyB-Lg | and Il reveals that these proteins sharevadequence
homology (56% and 51%) respectively. In particuldignment reveals that the IgE-binding epitopes of
cow’s B-Lg and the corresponding domains present in doiflkkey have remarkable differences in their
amino acid sequences. In fact, it is interestingiate that one of the strongdsig epitope (125-135) is
located in the 127-144 region, which is highly hoglmilic for the presence of five acidic residue ané Pro
over total 11 residues, which also make it verystast to proteolysis. An alignment of the 125-¥g#tope

of B-Lg from bovine with donkey showed 5 amino acid &itbtions which lowering the acidic character of
the donkey peptide (Table 3.14), drastically change susceptibility to proteolysis and therefotg i
allergenicity (Picariello et al., 2010).

Table 3.14 sequence alignment of tBeLf f(125-135) from milk of cow and donkey species.

Cow *TPEVDDEALEK™
DonkeyB-Lg | | “TQMVDKEIM EK™
DonkeyB-Lg Il | “TQKVDKEVM EK™

3.14 Conclusions 3

The quantitative results indicated that the exadhienkey milk samples were shown to be poor inginot
resulting more similar to mare and human milk ttaother mammalian milks as cow’s milk.

The analyzed donkey milk samples were also shovine tpoor in caseins with allergenic properties, et
in whey proteins with high biological and nutritairvalue, with a CN/WP ratio < 1. The richness pattern
of whey proteins and NPN of donkey’s milk make g favourable than cow’s milk for human nutrition.
Specifically, regarding donkey caseins, the moandant casein fraction w@sCN, followed byas;-CN and
as>-CN; human milk is characterized by a prevalencg-6N, as donkey milk, while cow casein is relatively
rich in a51-CN, which is believed to be responsible for theadrof allergic forms in nursing infants.

The determination ofus;-CN content in individual donkey milk samples alshowed a quantitative
polymorphism at thisocus, for the presence, only in traces, of the protein.

For donkey whey proteins, the quantitative ressiftswed an high level of lysozyme, which, togeth&hw
other antimicrobial components of donkey milk, astdferrin, is responsible for the low bacterialicbof
this milk and could be useful to prevent intestimiections in infantsa-La andp-Lg content is similar with
a B-Lg prevalence. Moreover, the detection of donkélk samples characterized by a I@aLg Il content
also suggested a quali-quantitative polymorphisthiatocus.

The low caseinds;-CN) andp-Lg contents are probably related to the hypoadieig characteristics reported
in literature for donkey milk.

Finally, in analyzed donkey milk samples, an indiial variability of either caseins and whey progein
amount suggests further studies in this directioned at a selection of animals producing milk wéth
composition “qualitatively and quantitatively” mosémilar to human milk, and “functionalized” forfant
feeding.

The achieved results, confirming the biological andritional value of donkey’s milk, similar to ham
milk, solicit detailed and analytic knowledge ofntkey’s milk, which could be used not only as a bteailk
substitute but also as a new dietetic/bio-functidoad. Moreover, the production and the wider w$e
donkey milk suggest the potential economic valuagifine breeding, providing an economic justifimat
for breeding donkeys and preserving their natunairenment, mostly represented by marginal anty hil
areas, helping to protect certain donkey breeds fgtinction in industrialised countries.
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3.16 Glossary

M,

Aa

UTR

Cys

Ser

Thr

SerP

Glu
NANA
GMP

FA

SFAs
MCFAs
LCFAs
UFAs
EPA

DHA
TAGs
MCT

Lyz

Lf

SA

Ig

CMP
CMPA
eHF

AAF

AD

LAB
EFAs
PAGE
UTLIEF
PAGE-SDS
MS
MALDI TOF
RP-HPLC
LC-ESI-MS

Molecular Mass

amino acid

untraslated region

cysteine

serine

threonine

serine phosphorglate

glutamic acid

N-acetyl neuraminic dci

glycomacropeptide

fatty acids

saturated fatty acids

medium chain fatty acids

long chain fatty acids

unsaturated fatty acid

eicosapentanoic acid

docosahesaenoic acid

triglycerides

medium chain triglyites

lysozyme
lactoferrin

serum albumin

immunoglobulin

cow’s milk protein

cow’s milk protein altgr

extensively hydrolgZermulas
amino acid formulas
atopic dermatitis
lactic acid bacteria

essential fatty acids

polyacrylamide gel étephoresis

Ultra-thin layer isoeteic focusing

polyacrylamide gel electro@sis-sodium dodecyl sulphate
mass spectrometry

matrix assisted laser desavbfionization time-of-flight

reversed phase- high perémce liquid chromatography
liquid chromatography-el@spray ionization-mass spectrometry

ESI-g-TOF-MS/MS electrospray quadrupole-time @fHt-tandem-mass spectrometry

GRAVY

grand average of hydropeiti
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