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ABSTRACT

Among the various classes of LMW-GS, the most abohdre LMW-m and LMW-s, so called
according to the first amino acid of mature seqae(idet and Ser respectively). We have
hypothesized that the presence of the Asn residp®sition 23 of LMW-s types determines a
different maturation process, that might generaie ¢leavage of the peptide MEN by an
Asparaginyl endoprotease. For this reason, thengodgenes for these two protein types were
mutated in position 23 in order to have Thr instedd\sn andviceversa. The mutated gene
versions have been used to transform plants ofndwvbieat. The wild-type LMW-m type was
used as control.

Our hypotheses was confirmed in both cases. Inrdetathe mutated LMW-m type, MS
analysis and N-terminal sequencing demonstrated the mature peptide began with
SCISGLERP-, like LMW:-s type. Similarly, for the natitd LMW-s type, the N-terminal mature
polypeptide was METSHIP, as for LMW-m type.

Moreover, we set up a strategy that allows to stualfficking of LMW-GS and of other wheat
storage proteins.No clear conclusion at this repasdin fact been reached yet. To work out this
problem, constructs containing markers for cellldampartments (Vacuole, Golgi and ER)
were used to transform wheat plants in order to itapriheir intra-cellular trafficking, to
backcross with other transgenic plants transformigid LMW-GS containing different tags, in
order to eventually establish the precise routgdepfosition.

RIASSUNTO

Tra le varie classi di LMW-GS, le pitu abbondantiede LMW-m e LMW:-s, cosi chiamate in

base al primo aminoacido della sequenza matura @&er, rispettivamente). E’ stato
ipotizzato quindi che la presenza del residuo Asnposizione 23 nelle LMW-s possa
determinare una diversa maturazione, che potrebbergre il taglio del peptide MEN da parte
di un’asparaginil-endoproteasi. Per questo motivgeni codificanti per queste due proteine
sono stati mutati in posizione 23 in modo da avera Thr invece di un’Asn e viceversa. Le
versioni del gene mutato sono state utilizzate tpesformare piante di frumento duro. La
LMW-m wild-type(é stata utilizzata come controllo.

La nostra ipotesi € stata confermata in entransbisi. Infatti, analisi MS e sequenziamento N-
terminale hanno mostrato che la LMW-m mutata corairton SCISGLERP-, cosi come la
LMW-s typecon METSHIP, come atteso.

Inoltre, € stata messa a punto una strategia gerndi@are il processo di smistamento delle
LMW-GS e delle altre proteine di riserva, sul quate esistono ancora dati certi. Allo scopo,
abbiamo prodotto dei costrutti contenenti marcapmi i compartimenti cellulari (Vacuolo,
Golgi e ER), che sono poi stati usati per trasfeemaiante di frumento, in modo da poter
monitorare il processo di smistamento. In segtdto piante verranno incrociate con altre piante
transgeniche trasformate con LMW-GS contenentirdiviags, allo scopo si definire la precisa
via di deposizione.
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1. INTRODUCTION

1.1Why Wheat?

Wheat is the world’s most popular crop. It is groswer a large area and under a wide
range of conditions. Over 600 million tonnes aredpiced annually on 300 million
hectares (Mha) h{tp://faostat.fao.org/) (Tab. 1.1). At present, wheat is the staple food
in more than 40 countries for over 40% of the warldopulation and provides over
25% of the calories and proteins in human nutritibe key role is due to numerous
reasons. It can grow over a wide range of climabaditions, elevations, and soil
fertility. It is easily transported and safely stdrover long periods of time, and perhaps,
most important, it can be consumed by humans wittimmal processing: its seeds can
be ground into flour or semolina which form the ibaegredients to prepare leavened

and unleavened bread, noodles, cakes, biscuitpastd.

Moreover, wheat-derived products are widely acakfe people of all religions and

races. Basically, in one form or another, wheatasldwide consumed at almost every
meal. In particular, wheat endosperm, as a majorpoment of the human diet, is not
only a source of carbohydrates, but also of pretemnerals and vitamins and it can be
a sufficient protein supplier when balanced witthest foods rich in lysine and

methionine (that are instead limited in wheat f&)urThe protein content of wheat
grains can vary from 10 to 18% of the dry weightl dhe majority of the proteins

accumulate in the endosperm as storage proteihgepeesent a source of carbon and
nitrogen during the germination process. Additignahe grain proteins determine the
visco-elastic properties of dough, in particulie storage proteins that form a network

in the dough, called gluten (Beccari, 1728).



World wheat market

2007/08 2008/08 200910 2010011 2011112
estimate forecast

Previous Current
(03 Mow 2011} (08 Dec 2011)

fooir ..., million tonnes e . o

Production’ &10.7 6837 684.6 6523 691.0 694.8
Supply? 768 8 B23.9 8601 850.8 BT2E 880.7
Utilization 626.9 645.0 658.5 663.4 6812 682.8
Trade? 1115 139.8 1304 125.0 1310 133.0
Ending Stocks? 140.2 1755 198.5 186.0 182.7 194.8
b R et R
World stock-to-use ratio 217 266 299 7z 82 290

Major exporters’ stock-to-
disappearance ratio® 134 188 214 18.0 180 18.9

Tab. 1.1: The world wheat market (FAOSTAT data).The tabfeorés the production and the
utilization of wheat in the world in different yeaf2007-2011).

Gluten shows, upon mixing with water, unique rhgatal properties such as elasticity
and extensibility. By modifying the technologicabperties of gluten, wheat flour can
be used to produce a wide variety of food produdtsing to the importance of wheat

as a food crop, it has been, and it is still isepgively studied.

The wheat storage proteins, in particular, haven lvéidely characterized to understand
their contribution to the physical and chemical gedies of the wheat flour/dough
(Osborne, 1924; Shewry and Tatham, 1990; Shewl.et1999 for general review)
with the final goal to improve the wheat end-pradquality, although many aspects
still remain unclear due to the peculiar structarel organization of the endosperm

proteins into gluten.

On the other hand the gluten proteins are alsoresple for triggering celiac disease,
one of the most common and dangerous food intategrwhereas the other proteins of
the grain (albumins and globulins) can cause food aespiratory allergies in

susceptible individuals.

1.2 The origin of wheat

It is widely accepted today that wheat was firsivgn as a food crop since 10,000-8,000

B.C.. The origin of the genukiticum is found in Asia and part of Africa, in the area



that extends from Syria to Kashmir, and southwat@sEthiopia. This is where

cultivated wheats gradually evolved from wild p&nt

According to the modern taxonomy, wheat belongthégenuslriticum of the family
Gramineae; it includes several species forming a polyplogries, with a basic
chromosome number (x) equal to 7, comprising dipl¢2n=2x=14), tetraploid
(2n=4x=28) and hexaploid (2n=6x=42) wheats. Todagismmercial wheat, tetraploid
and hexaploid wheats, contain two and three hongeol® genomes, respectively.
These genomes are named A, B, D according to therdspecies, each of which
consists of seven pairs of chromosomes numbered71 They are products of natural
hybridization of ancestral types. In the hybridiaat process, spontaneous crosses
between wild species with different chromosomeseha@en followed by spontaneous
doubling of chromosomes to originate a fertile adityploid (Fig.1.1).

Tetraploid T. turgidum contains the A and B genomes. There has been goinan
controversy regarding the diploid source of thedBa@me, but the current consensus of
opinion is that it wa#\egilops speltoides Tauschii or a close relative within the Sitopsis
section of thedegilops genus. The cultivated form var. durum (often calledurum) is
widely grown in regions with a Mediterranean climdgas Italy) as durum or pasta
wheat. Of all cultivated tetraploid wheats, todBydurum types are by far the most
important, even though they are only grown on aldi®d of the wheat total cultivated
area, the remaining 90% being dedicated to thepiexkwheats.

Nowadays, durum wheat, that is particularly suitethe production of pasta products,
but also of some types of bread in Southern of &d couscous in North of Africa, is

getting more and more importance with the incredgmsta products demand.

The hexaploid wheats originated some 6,000-7,0@0syago by natural hybridisation
of tetraploid wheat, most likelyl. dicoccum (AABB) with the diploid wild grass
Aegilops sguarrosa (DD), also known asT. tauschii (Miller, 1987). The resulting
hexaploid species. aestivum (AABBDD), the common “bread wheat”, is the domihan
species in world agriculture. Most bread wheahes free threshing var. aestivum, but
other free threshing types (vars. compactum andesplcoccum) are grown in restricted
areas. The evolution of the polyploidy complex loé tgenuslriticum and a possible
classification of cultivated wheats along withwgd progenitors are shown in Fig. 1.1
(Dvorak et al., 2006).



Triticum T. turgidum Triticum Aegilops

monococcum dicoccum aestivum tausc hii
(AP, Wild [AABE) [AARBBDDY (DD
Einkom Ernmer Bresd Wheat
Emmers Wheat /J_\
Wheat I
~ S ) e
A Ol
Triticum
turgidum Aegilops
[AABH) speltoides
poulard wheat [55)
Triticum ___F—P"'_FF (BB}
boeoticum L Aegiops |
[AAY, speltoides
| (e ]
hre
1
iderived from Dvorak et 2l 2006) #Aegilops

Fig. 1.1 A schematic representation of the evolution efplolyploidy wheats. The genomic
composition of the species are indicated.

It should be noted that polyploidy definitely cohtrted to wheat wider adaptability;
this explains the great dispersion from South-Weastasia in various directions.
Moreover, the unique milling and baking propertedscommon bread wheat are not
found among the diploid and tetraploid wheats. &immnly the hexaploid group
possesses the D set of chromosomes, the desirabléyqcharacteristics of bread
wheats have been attributed preponderantly to tiesepce of this third genomic
component. By crossing and selecting, man has peatinumerous cultivars of
hexaploid wheat; nowadays it is still the most imi@nt species grown in Europe, North

America and Australia.

Currently, about 95% of the wheat grown worldwidehexaploid bread wheat, with

most of the remaining 5% being tetraploid durum athdhe latter is more adapted to
the dry Mediterranean climate than bread wheat iandften called pasta wheat to

reflect its major end-use. Small amounts of othkeat species (einkorn, emmer, spelt)
are still grown in some regions including Spainskay, the Balkans, and the Indian

subcontinent. In Italy, these hulled wheats aretiogy called farro (Szabd and Hammer,
1996), while spelt continues to be grown in Eurqgagticularly in Alpine areas (Fossati

and Ingold, 2001). The recent interest in spelt atfter ancient wheats (including

kamut, a tetraploid wheat of uncertain taxonomyatesl to durum wheat) as healthy
alternatives to bread wheat (Abdel-Aal et al., )99y also lead to wider growth for

high value niche markets in the future (rev. in\@tye 2009).



1.3 The wheat grain structure and composition

The wheat grain is botanically a dry one-seedet, ffcaryopsis,” commonly called a
kernel or berry (Fig. 1.2 and Fig. 1.3). It deveopwithin floral envelopes (the
“lemma’” and “palea”), which are actually modéd leaves. At maturity, the wheat
kernel averages ~2.5-3.0 mm thick (or high asaihd$ on its base), ~3.0-3.5 mm wide,
~6.0-7.0 mm in length, with an average weight oD-58 mg. Wheat kernels are
rounded on the dorsal side, with a longitudinatéase” (a deep groove) running the
full length of the ventral side. The shape of th@oge is a characteristic feature of some
species and varieties. The wheat grain is constlitby three distinct parts: the bran, the
starchy endosperm and the embryo (called “germ” nbjlers). These different
components account for 13-17%, 80-85% and 2-3%efty weight, respectively. The
main inner volume of the grain is thus taken upthg starchy endosperm, which
becomes the white flour that is released and cdughéne particles by the flour miller.
A simplified representation of the wheat grain ciehcomposition is reported in the
Fig. 1.2.

Brush
Endosperm

Iron
Carb./g Protein/y Fatg Fiber'g (o gaiyreqy Others

[ &ran 63 16 3 43 59 vitamin Bs

[] Endosperm 79

52 23 10 1 35 vitamin Bs
B cem omega-3/6 lipids

Fig. 1.2 The structure and the organization of the wheatdd (bran, endosperm and germ).
The table shows the chemical composition of thelevianeat grain with its various parts.

1.3.1 The bran

The bran of the wheat grain is composed by a seariedifferent cell layers. The
“pericarp” (fruit coat) surrounds the entire seadd consists of two portions, the outer
and the inner pericarp. The outer pericarp is caapdy the epidermis (epicarp), the



hypodermis, and by the innermost layer, calledrémnants of thin-walled cells. The
inner pericarp, adjacent to the remnants, is coegpad intermediate cells (cross cells
and tube cells). The cross cells are long and dgtal (~125x20um), they are tightly
packed, with little or no intercellular space. Tthbe cells are similar in size and shape
to the cross cells, but they are not packed tigatlg do not form a continuous layer;
thus have many intercellular spaces. A furtheriinager of cells is the seed coat (also
called “testa”) which is firmly joined to the tulsells. Grain color, usually red or white,
is related to pigment in the seed coat. Tightlyrzbto the internal surface of the “testa”
is the nucellar epidermis (“hyaline layer” or &pisperm”). The total pericarp has been
reported to comprise ~5% of the kernel volume. Bsgparticularly rich in dietary fiber
and omegas and contains significant quantitiegastls, protein, vitamins, and dietary

minerals.

1.3.2 The endosperm and the embryo

The wheat grain consists of two genetically différ@rgans, the endosperm and
embryo, that arise from separate fertilization ésehhe pollen tube delivers two sperm
cells into the embryo sac, one of which fuses wiitt egg cell to give the diploid

zygote. This gives rise in the mature grain to #mebryonic axis and to a single
cotyledon, called the scutellum. The second spegiinfuses with two polar nuclei to

form a triploid endosperm cell that expands, caligks, divides, and differentiates to
give two tissues: the starchy endosperm, which cm®p about 80% of the dry matter
and 72% of the protein in the mature grain (PonerafA88), and the aleurone, which
completely surrounds the kernel and is generally oall thick. It is the intermediate

cell layer between the nucellar epidermis and teepperal cells of the starchy
endosperm. The majority of the mineral matter ledah bran is found in the aleurone
layer, which also has high content of thiamine. Hbteurone cells are heavy-walled,
essentially cube-shaped, and free of starch. Thayvary in thickness from 30-7(n

within a single kernel and have thick () double-layered cellulosic walls.

Essentially, mature starchy endosperm comprisds gelwhich starch granules are
embedded in a matrix of storage proteins. These dwuponents, together with cell

walls and minor constituents, accumulate as a soofrciutrients for the accompanying



embryo when it begins to germinate. The nutriemés raade available as a result of
hydrolysis by enzymes produced in the embryo itselih the aleurone, or both. Most
of the starchy endosperm consists of food rese®@%: carbohydrates (mainly starch),
7% proteins (Wieser et al., 1998). The content wfemal and dietary fibers is low, 7%

and 4% respectively (Pomeranz, 1988) (Fig. 1.2).

The wheat embryo is composed of two major paris,eimbryonic axis (rudimentary
root and shoot) and the scutellum, which functiass storage organ. The scutellum is
adjacent to the endosperm and contains some st@@geounds (notably oil and
globulin storage proteins), but it does not contduten proteins. The germ is quite rich
in vitamin E and in B and it also contains manyyengs. The germ is a rich source of
protein (23%), sugar (52%), oil (10% of the embiigaaxis and 32% of the scutellum
are oil) (Fig 1.2). The sugars are mainly sucroseé @ffinose. On incineration, the
germ gives a high level of ash (5%). Recovery efdgerm during the milling process is

an important step because of its value in the foodlindustrial utilizations.
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Crase Jeciion View

Fig. 1.3 Cross-section of the wheat kernel

1.3.3. Endosperm development

The growth of the wheat plant is often describeshgushe Feekes, Zadoks or Heun
scales that assign numbers to visual landmarksatetuseful for crop management
purposes (Chang et al., 1974; Large, 1954, Dupowt Altenbach, 2003). These
subjective scales divide grain development intdyeanedium and late milk stages, and
early, soft and hard dough stages. The tempor&rpadf grain development also can
be described in terms of transition points in tbeuanulation of total dry matter, starch,



protein, and water, in order to pinpoint times maig development when changes in

gene expression and protein accumulation are lilcebccur (Altenbach et al., 2003).

Endosperm development begins with fertilizatioraafiploid cell, followed by repeated
division of the triploid nuclei, gradual formatiaf cell walls, and partitioning of the
original vacuolated cell into a characteristic gidt pattern (Olsen, 2001; Olsen et al.,
1999; Lohe and Chaudhury, 2002). Next is a peribdetl expansion in which water
content increases and starch and protein reseceesnalate. The maximum amounts of
starch and protein that accumulate in each grapemi® on the number of endosperm
cells, determined early in grain fill, and the fis&e of the cells, which is influenced by
water uptake, cell-wall extensibility and rate ahaotation of grain fill (Egli, 1998). Cell-
wall-loosening enzymes may play a role in deterngnihe extent of cell extension
(Chanda and Singh, 1998).

Cell expansion and water accumulation stop befére ¢essation of dry matter
accumulation, starch and protein replace cell wated the kernel begins to desiccate
(Berger, 1999; Lopes and Larkins, 1993; Rogers @nditrano, 1983). Late in
development, the formation of a waxy layer at thalaza impedes input of sugars and
amino acids into the grain (Sofield et al., 197Cachrane et al.,1983), protein and
starch deposition cease and the grain reaches maxidry weight or physiological
maturity. At approximately this time the endospetissue undergoes a form of
apoptosis, or programmed cell death, similar t¢ ¢served in other plant and animal
tissues (Beltrano et al., 1994; Young and Gall#%t Young and Gallie, 2000). Cell
death, visualized by viability staining, progresggeadually throughout the endosperm
tissue and is accompanied by internucleosomal feagation of genomic DNA. Only
the aleurone cells remain viable. Finally, kerrdgsiccate rapidly, losing all but 10—

15% of their water content, at which time they @@&dy for harvest.

1.3.4 The starch

Starch is the major component of the endospernh@fcereal grains. It is the stored
form of energy that is released on germination wlenylase enzymes (both
synthesized and deposited during the period ohdiling or de novo synthesized upon

germination) break the starch down to glucose uoitshe developing embryo, roots,
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and shoots. For feed and food, starch also providesmajor source of energy,
providing it in a “slow-release” form that is webuited to our digestive systems.
Wheat starch is composed only of glucose units;gltieose units are linked-1,4 to
form linear chains and branches are formed thrainghconnection ofi-1,4 linked
chains usinga-1,6 linkages. Starch is generally described agamoing two broad
classes of molecules, amylose and amylopectin,diffet in degree of polymerisation
and branch frequency. Amylopectin is a very largeletule with a degree of
polymerisation from 105 to 107 and contains frequieranch points, on average
approximately one branch for every 15-20 glucosesuAmylose has a lower degree
of polymerisation (103 to 104) and contains fromoz® a few branch points. These
differences in amylose and amylopectin are funetiignimportant and are reflected in
the variety of applications, in the food and chexhindustries. In hexaploid and durum
wheats, amylose content ranges from about 18 to, 38fough waxy wheats
containing effectively zero amylose have now bessdpced. Starch is deposited in
granules in the wheat endosperm in amyloplastsciagmed starch biosynthetic
organelles derived from the same proplastids asraplasts, but containing no
photosynthetic apparatus. In all higher plantstchtas packaged into starch granules
which are characterized by their density (1.5 —gidT) and by their semi-crystalline
nature, as indicated by their characteristic bingiEnce under polarized light. The size
distribution of wheat starch includes two, and stimes three, size classes of granules,
a feature shared with starches from offiéticeae, notably barley and rye. Additionally
wheat starch granules contain a defined set of jm@mh proteins located within the
interior of the starch granule, including GranuledBd Starch Synthase (GBSS), Starch
Synthase | (SSI), Starch Branching Enzymes llaltm@SBE) and Starch Synthase lla
(SSlla). Starch granules extracted from maturengeme associated with a range of
surface located proteins which become bound asntiteration and desiccation of the
grain leads to the disruption of the amyloplast mene, largely described as the
purindolines, friabilins and grain softness proge{iDarlingtonet al. 2000; Baldwin
2001).

The properties and functionality of wheat starch eontrolled not only by the nature
and composition of the starch granule, but are stisngly influenced by the nature of
the endosperm material in which the granule is eldbé in the desiccated grain. The
hardness of the grain controls the manner in wthiehendosperm and starch granule is
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fractured during the milling process, leading toportant effects on processing
performance. In summary the key features of theositipn of starch in the wheat

endosperm that control functionality are starchteoty grain hardness, granule size
distribution and shape, the presence of endogeliyids in the granule, amylopectin

structure, and the ratio of amylose to amylopeciiihese differences in starch

deposition identify the ways in which starch regp®rio heat and water during the
utilisation of starch in the complex foods prepafemin cereal flours. Each of these
characteristics may be open to modification by rmaler/genetic approaches; in recent
literature there are a lot of examples about starahipulation in wheat (Zeeman et al.,
2010; Sestili et al., 2010; Botticella et al., 211

1.3.5 The seed proteins

Wheat grains contain relatively minute protein canggl to legume seeds, with an
average of about 16-23% dry weight. Nevertheldssy fprovide over 200 million

tonnes (mt) of protein for the nutrition of humaasd livestock, which is about two
times the amount derived from the more protein-r{@6—40%) legume seeds. In
addition to their nutritional value, cereal seedteins also influence the utilization of
the grain in food processing. In particular, theue property of wheat flour to form an
extensible and elastic dough depends primarily friva storage proteins of its
endosperm.

Giacomo Beccari was the first one to describe aatl “gluten”, that is a cohesive

protein mass obtained after washing wheat flouh wiater (Beccari, 1745). Since then
more systematic studies have been carried outblyotay Osborne (1859-1929).

Osborne developed a classification of wheat seetdinis based on their solubility in a
series of solvents, for example, alboumins in wagkbulins in dilute saline, prolamins,
soluble in alcohol-water mixtures and glutelindubte in dilute acid or basic solutions.
The solubility properties of seed proteins are hat basis of different purification

procedures, such as that reported in Fig.1.4 (Harket al., 2004).
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Fig. 1.4 Separation of wheat flour proteins into glutertabolic, and CM-like
protein fractions (Hurkman et al., 2004).

1.3.5.1 Metabolic proteins (albumins and globulins)

In classifications of storage proteins based onlslity, those that are soluble in water
and in salt solutions are called albumins and dloburespectively (Fig 1.4). Many
water or salt-soluble wheat proteins are locatedha embryo and aleurone layers;
others are distributed throughout the endosperrmay Titay amount to about 20% of the
total proteins in the caryopsis and they includetaielic and structural proteins
involved in different pathways and functions (Dupaat al., 2011). Albumins are
usually prevalent than globulins. Albumins and gllais differ from the gluten proteins
in having lower amounts of glutamic acid and mgserie. In fact, due to the lysine, this
family of proteins has an amino acid compositioat thits the dietary requirements of
humans and monogastric animals. Unfortunately,hies¢ protein groups there are
several proteins well known as human allergeng,ttigger wheat allergies in sensitive
individual.

Payne and Rhodes (1982) noted that soluble proéegsomplex mixtures containing:
1) metabolic enzymes that survived dehydrationhy@jrolytic enzymes necessary for
germination, 3) enzyme inhibitors. Also present preteins related to legumins (the
seed storage proteins of legumes), called “trigiGinvhich were studied by Singh and
Shepherd (1985). They account for about 5 % otalked seed proteins and are located
in the protein bodies of the starchy endosperm. Wbensidering their solubility
properties, they behave as globulins, but no ingmbriink with pasta or bread-making

guality has been established.
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In wheat, the aleurone and embryo account onhabmut 10% of the grain dry weight
and are usually removed by milling before humarsocomption.

Genes for the major albumins and globulins of whbave been assigned to
chromosome groups 3, 4, 5, 6, and 7 (Garcia Olne¢dd., 1982). A major component
of the albumins of low molecular weight (14,000-20%) Da) is encoded by the short
arm of chromosome 3D (Pogna et al., 1991).

Protocols developed to obtain protein fractionsioked in albumins and globulins
(KCl-soluble) (see Fig. 1.4, Hurkman et al., 200&ve allowed the analysis of the
largely unexplored albumins (Venslal., 2005; Vensel et al., 2011).

1.3.5.2 Gluten proteins

Gluten proteins may amount to about 80% of thd fmtateins in the wheat caryopsis.
Gluten is typically divided into alcohol-soluble ligglin) and insoluble (glutenin)
fractions, which are further separated by electoogtic analysis.

The gliadins consist of monomeric proteins, which separated inta, B, y, ando
groups by polyacrylamide electrophoresis at low (p¥bychik et al., 1961). Because
the former two groups are structurally identicatlyey are now collectively known as
a/f gliadins (Kasarda et al., 1983).

The glutenins consist of polymeric proteins stakili by inter- and intra-chain disulfide
bonds. These bonds need to be reduced before tiy@oo@nt subunits can be separated
into two groups, high molecular weight (HMW) andvlonolecular weight (LMW)
glutenin subunits, with the latter being furthevided into B-, C-, and D-type subunits
according to size, isoelectric points, and compmsirev. in D'Ovidio and Masci,
2004).

It was long considered that the gliadin and glutdractions comprised different types
of proteins that corresponded to the prolaminsg@uatelins, respectively, as defined by
Osborne. However, a range of biochemical and mtdeaiudies carried out over the
past two decades have demonstrated that this iheatase and we now know that all
gluten proteins are structurally and evolutionardlated and they can all be defined as
“prolamin superfamily” (Kreis et al., 1985) for thegh content of the amino acids
proline and glutamine, in that they are solublealoohol-water mixtures either as
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protein monomers (gliadins) or as reduced subygitgenins) (Shewry and Halford,
2002; Shewry et al., 1995).

Furthermore, it is possible to define three groapgrolamins, which contain gliadin
and/or glutenin proteins. These are: a) the higheoutar weight prolamins, which
comprise only the HMW subunits of glutenin polymen$ the sulfur-poor (S-poor)
prolamins, which consist e§-gliadins and D-type LMW subunits of glutenin polgrs,
and c) the S-rich prolamins, which includé gliadins,y-gliadins, and the B- and C-
type LMW subunits of glutenin polymers. Furthermaitee C and D groups of LMW
subunits are highly similar in sequence to gliadensd are considered to be derived
from these components by mutations resulting in ghesence of unusual cysteine
residues, which are able to form interchain digelfbonds. In contrast, the B-type
LMW subunits form a discrete group (D'Ovidio andddia 2004).

The main distinction between the gliadin and glutgoroteins is that are monomeric
and polymeric respectively. Nevertheless, thissifesition has been retained by cereal
chemists mainly because it has functional impoeanwith the glutenins being
primarily responsible for the elasticity (strengtf)the gluten and the gliadins for the

extensibility (viscosity).

1.3.5.2.1 Gliadins

The three groupa/B-, y- andw-gliadins can also be classified according to tieir
terminal amino acid sequence (Dupont et al., 20628t is for theo/p-gliadins are
represented by a very small sequence of five amamb residues (VRVPV) (Bietz et al
1977), for the N-terminal region of thegliadins is formed by 12 amino acid residues
(NMQVDPSGQVQW) (Autran et al 1979; Kasarda et aB3p instead foro-gliadins
these sequences are named ARQ-, KEL-, and SRL-typeke basis of the first three
amino acids of their N-terminal sequences (Kasatdal 1983; Tatham and Shewry
1995).

Their molecular weight range 30,000 to 75,000 Da. Using one-dimensional
electrophoresis, gliadins of a single wheat graan de separated into 20-25
components (Bushuk and Zillman 1978; Autran et 3979; Wrigley et al., 1982,
Metakovsky et al.,, 1984) (Fig. 1.5). Two-dimensiordectrophoresis (2D-PAGE)
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allows better separation with a resolution of up@components (Wrigley 1970; Payne
et al 1982; Lafiandra and Kasarda 1985; Pogna ¥3%0).

Due to extensive polymorphism, these proteins Hasen widely used for cultivar
identification in hexaploid and tetraploid wheats.

The y-gliadins differ from o/p-gliadins in the amount of aspartic acid, proline,
methionine, tyrosine, phenilalanine, and tryptoplBietz et al 1977). The-gliadins
differ in amino acid composition from other gliagdiand more do not have cysteine.
The w-gliadins are characterized by high levels of ghitee (+glutamate) (40-50
mol%), proline (20—-30 mol%), and phenylalanine 97mol%), which represent >80%
of the total amino acid residues (Tatham and Shé®8p).

All gliadins are low in the ionic amino acids (ldshe, arginine, lysine, and free
carboxylic groups of aspartic acid and glutamidpdislutamic and aspartic acids exist

almost entirely as amides.

{2
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o

Fig. 1.5: Acid-poliacrylammide electrophoretic gel(A-PAGH)wheat gliadins.

1.3.5.2.1.1 Relationship of gliadins to wheat quai

Sozinov and Poperelya (1980, 1982) analyzed prodfremy many different crosses to
demonstrate that allelic variation at ti@&i-1 and Gli-2 loci was associated with
variation in bread-making properties, and also distaed a ranking order of the
different blocks of gliadin components.

The contribution of different gliadin components tariation in bread-making
performance has also been reported by others,dimgjiPogna et al. (1982), Wrigley et
al. (1982), Branlard and Dardevet (1985a) and Mmtsky et al. (1997b,c), with allelic
variation present at th€li-1 loci being more effective in influencing bread-nmak
properties compared with th@&li-2 loci. In most of these studies correlations betwee

gluten components and bread-making propertieoaf thave been assessed by the SDS
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sedimentation test, an indirect test in which gdwo@ad-making performance is
associated with the formation of a large sedimememwthe flour is suspended in water
containing SDS and lactic acid. Studies by Moonerale (1982) and Payne et al.
(1987b) have demonstrated that large sedimentatbhmmes result from the formation
of an extensive gel, comprised exclusively of tagér and more insoluble glutenin
polymers, leading to the conclusion, supported éyegic studies (Pogna et al., 1988,
1990), that the superior quality associated witadyhs present at th@li-1 loci is the
result of linkage with genes encoding LMW suburatsthe Glu-3 loci. Similarly,
reports that differences in dough strength wereetated with the presence of certain
Gli-2 alleles (Metakovsky et al., 1997b; Branlard et 2001) could be related to the
association with C-type LMW glutenin subunits, whitave been reported to be closely
linked to gliadin components encoded by genes ergtbup 6 chromosomes (Masci et
al., 2002).

1.3.5.2.2 Glutenins (glutenin polymers)

Based on gel filtration (Huebner and Wall 1976;tBiand Simpson 1992) and flow
field-flow fractionation (FFF) studies (Wahlund at 1996; Stevenson and Preston
1996), the molecular weight of glutenin polymeraate over twenty millions daltons.
They are the largest protein molecules presenatara (Wrigley 1996).

These proteins are heterogeneous mixtures of posyrdoemed by disulfide-bonded
linkages of polypeptides that can be classifiedfanor groups according to their
electrophoretic mobility in SDS-PAGE (2D-PAGE) afteduction of disulfide bonds
(the A-, B-, C- and D-regions of electrophoreticbiity) (Fig 1.6). The A-group (with
an apparent molecular weight range of 80,000—120[@4) corresponds to the HMW-
GS (Payne and Corfield, 1979). The B-group (42,600300 Da) and C group (30,000—
40,000 Da) are LMW-GS distantly relatedwtoanda/B-gliadins (Payne and Corfield
1979; Payne et al 1985; Thompson et al 1994, D’'0whd Masci, 2004). Finally, the
D-group, also belonging to the LMW-GS group, ishiygacidic and related tm-
gliadins (Jackson et al 1983; Masci et al 1993).

16



| HMW-GS
8 - 4=
B /D-typ?s
. .. (modified w-gliadins)
T

2= : - | B-types
@ (mostly typical LMW-GS)

|~ C-types
(mostly modified ov/f- and y-gliadins)

SDS-PAGE
Py
(&
\

Fig. 1.6: Two-dimensional electrophoresis (IEF X SDS-PAGE)latenin subunits of the
bread wheat cultivar Chinese Spring. The HMW-GSthedB-, C- and D-type groups of
LMW-GS are indicated.

1.3.5.2.2.1 HMW-GS (High Molecular Weight — Gluteni Subunits)

The HMW-GS are minor components in terms of qugnbut they are key factors in
the process of bread-making because they are rdajerminants of gluten elasticity
(Tatham et al 1985a; rev. by Shewry et al., 20@3jhe extent that they appear to
promote the formation of larger glutenin polymerae apparent molecular weights of
HMW-GS estimated by SDS-PAGE ar80,000-130,000 Da (Fig 1.6). However, true
estimates calculated from derived amino acid serpsenndicate lower molecular
weights (60,000-90,000 Da) (Anderson et al 1988918nderson and Green 1989).

1.3.5.2.2.1.1 Relationship of HMW-GS to wheat quayi

The establishment of allelic variation in HMW glate subunits as a major contributor
to genetic variation in bread-making quality waen@ered by Payne and co-workers
with a series of studies starting at the end oft®#0s (Payne et al., 1979). Based on the
analyses of a large numbers of cultivars, Payrad. €1987a) also developed a scoring
system for the HMW-GS in which individual subungéie graded with numbers based
on quality evaluations. A given cultivar can thendssigned a Glu-1 score, which is the
sum of the contributions of each of the three HM\8-G¢ci. The HMW-GS score has
been shown to have more influence in some setde&ts than in others (MacRitchie et
al 1990). This is likely to be due to the completeraction of factors that define wheat
quality. These factors, in which HMW-GS have a maje, also include LMW-GS,
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gliadins, and abiotic stresses. One aspect tradnsetimes overlooked when using the
scoring system is that subunits with the same relphbretic mobility in SDS-PAGE
may actually be different. Nevertheless, referanddMW-GS composition has proved
valuable in the segregation of lines in the procddseeding for specific quality targets
(Cornish 1995; Cornish et al 1999).

The effect of individual proteins (HMW-GS, LMW-G8prdeins, gliadins) on dough
properties can also be evaluated by studying theénmiperformance of a base flour,
modified either by incorporation or addition of thgecific proteins (Bekes et al 1994a,
b). Glutenin subunits such as HMW-GS and LMW-GSeased dough strength and
stability estimated by mixograph parameters (Sissehal 1998; Lee et al 1999a).
Likewise, these proteins chain-extender proteinsh wonger repetitive domains
increased the stability and strength more thareprstwith shorter domains (Bekes et al
1998). Polypeptides containing a single cysteimead as chain terminators during the
formation of the glutenin polymers, producing deses in dough strength and stability
(Kasarda, 1989; Buonocore et al. 1998; Tamas 988; Greenfield et al. 1998; Masci
et al. 1999).

1.3.5.2.2.2 LMW-GS (Low Molecular Weight — GluteninSubunits)

The LMW-GS represent about one-third of the toegds protein and60% of total
glutenins (Bietz and Wall 1973). Despite their atamce, LMW-GS have received
much less research consideration than the HMW-G& fAas been mainly due to the
difficulty in identifying them in one dimensionalDS-PAGE gels, since LMW-GS
largely overlap with gliadins. However, improvedaotition of capillary electrophoresis
(Bean and Lookhart, 2000) and recent advancesandimensional gel-based mapping
approaches (Skylas et al. 2000; Vensel et al. 20@5hsel et al., 2011), allowed us to
get new insights about the genetic, structural fumdttional characteristics of these
subunits.

LMW-GS can be classified, as proposed by Jacksaal. g1983), in B-, C-, and D-
subunits on the basis of molecular weight and eigt point. Based on SDS-PAGE
estimates, their molecular weight range is 20,000@0 Da (D’Ovidio and Masci,
2004). While most of the LMW-GS belong to the B wpo(“typical” LMW-GS) we
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now know that the D group is actually composed oflified o-gliadin components that
have acquired a cysteine residue-gliadins lack this amino acid residue). This
discovery was the first evidence that gliadin-lgkgdunits were present and incorporated
in the glutenin polymers (Masci et al., 1993; Mastial., 1999). LMW-GS withw/3-
and y-type gliadin-like sequences are the most abungaoteins in the so-called C
group, with at least thirty components being det@cby two-dimensional analyses
(Masci et al., 2002). As for the D subunits, itpiobable that they form part of the
glutenin fraction because the numbers of cysteasedues is different from that in the
o/f- andy- gliadins. This has been demonstrated not onlgdiyparisons of gene and
deduced protein sequences, but disulphide bondsnginLMW-GS with y-type
sequences were found by Keck et al. (1995) and défodil al. (1993). The-gliadin
clones with nine cysteine codons instead of thec&peight have been identified in
durum and bread wheats (D’Ovidio et al., 1995a;e8th and Hedgcoth, 1988), while
a/B-gliadin genomic clones with numbers of cysteingdees other than the typical six
have been identified by Anderson et al. (1997a, b).

Within the B group of LMW-GS, on the basis of Nftenal amino acid sequences,
three subgroups of typical LMW-GS can be recognizatled LMW-s, LMW-m, and
LMW:-i types, according to the first amino acid ckse of the mature polypeptide:
serine, methionine, or isoleucine, respectively. WM type subunits are the most
abundant in all genotypes analyzed and their agenagiecular mass (35,000-45,000)
is higher than that of LMW-m type subunits (30,001®;000) (Tao and Kasarda, 1989;
Lew et al., 1992; Masci et al., 1995). The N-terahiamino acid sequence of LMW-s
type subunits is SHIPGL-, whereas the N-termingusaces of LMW-m type subunits
are more variable and include METSHIGPL-, METSRIPGhnd METSCIPGL-
(Kasarda et al., 1988; Lew et al., 1992; Mascil.etl®95; Tao and Kasarda, 1989) (Tab
1.2 and 1.3). However, both LMW-s and LMW-m typéwsnits contain eight cysteine

residues, two of which are involved in intermolecuisulphide bonds.

Types of LMW-GS N-terminal sequences
LMW-g SHIPGL-
METSHIPGL-
LMW-m METSCIPGL -
METSRIPGL-
LMW-1 150000-

Tab. 1.2 Comparison of LMW-GS N-terminal sequences. Betwibe different groups
(LMW-GS m-, s- and i-type) the mainly differencele presence/absence of the three first
amino acids (MET, in bold).
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Among typical LMW-GS, the LMW-i type (Cloutier el.a2001, Ikeda et al., 2006),
which was first identified by Pitts et al. (1988an be considered as a variant form.
These LMW-GS lack the N-terminal region, startingeckly with the repetitive domain
after the signal sequence, with ISQQQQ- being #auded N-terminal sequence of all
LMW-i type genes isolated so far. Although the Kxmal region is missing, the
typical eight cysteine residues are all preserthenC-terminal domain. Cloutier et al.
(2001), lkeda et al. (2002, 2006) and more recerilgsci et al (2012) presented
evidence that they are expressed in the endospedringorporated in the glutenin
polymers.

On the basis of the structural characteristicshefB, C and D groups, Kasarda (1989)
suggested the existence of two functional grougs\WiV-GS.

One group, which includes the majority of the Beygubunits, acts as chain extenders
of the growing polymers because of their abilityfdomn two inter-molecular disulphide
bonds. The second group, which includes most oCtland D-type LMW subunits, act
as chain terminators of the growing polymer, hawanty one cysteine available to form
an intermolecular disulphide bond.

A summary of the different classifications of thMW-GS, based on electrophoretic

mobility and N-terminal amino acid sequence is regmbin Table 1.3.

Classification based on

SDS-PAGE mobility LMW-GS group  Predominant sequence type

B LMW-s: LMW-m

C a-type: y-type

D w-type
N-terminal amine acid LMW-GS type  N-terminal AA sequence
sequence LMW-s SHIPGL-

LMW-m METSH(R/C)I-

LMW-1 ISQQOQQ-

o-type VRVPVP-

y-type NMQVDP-

w-type KELQSP-

ARQLNP-

Tab. 1.3: A summary of different classifications for the LM&S. Taken from D’'Ovidio and
Masci (2004).
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1.3.5.2.2.2.1 The structures of the LMW-GS

The typical LMW-GS are encoded by gene familiegath of the orthologous Glu-3
loci, whose copy numbers are not known. Howevermeses of the total gene copy
number, based on Southern blot analyses, varied 1®-15 (Harberd et al., 1985) to
35-40 (Cassidy et al., 1998; Sabelli and Shewrg11th hexaploid wheat. Information
on the structure of genes encoding LMW-GS deriveshfthe characterisation of more
than 70 DNA clones reported in databanks. Theseisokated from 15 different
genotypes belonging mainly {d. aestivum and T. durum. Based on these data the
general structure of a typical LMW-GS can be pregbsThis shows four main
structural regions including a signal peptide of &@ino acids, a short N-terminal
region (13 amino acids) that sometimes containdithecysteine residue, a repetitive
domain rich in glutamine codons and a C-termingiae, that contains most of the
cysteine residues. As suggested by Cassidy e1 298], the C-terminal region can be
further subdivided into three distinctive regioascysteine-rich region containing five
cysteine residues, a glutamine-rich region comagira cysteine residue and stretches of
glutamine residues, and a C-terminal conservedesemgucontaining the last cysteine
residue (Fig. 1.7). Most of the full-length geneswfrom 909 bp to 1167 bp, in size
with the molecular masses of the encoded maturteipsoranging from about 32,000 to
42,800 Da.

1
$S

Fig. 1.7: Schematic illustration of a B-type LMW-GS. Blaclrb with letter s represent
cysteine residues available for intermoleculamtmraimolecular disulphide bonds. s* indicates
the first cysteine residue alternatively locatethie N-terminal region or at the start of

repetitive domain.

The number of repeats present in the repetitiveaiions mainly responsible for this
length variation, ranging between about 12 and @Bmparison of allelic genes
suggests that this variation can result from detetand/or insertion of repeat units
(D’Ovidio et al., 1999), most probably caused byagumal crossing-over and/or slippage
during replication as suggested for the evolutiérother prolamins (Shewry et al.,
1989). The length of each repeat unit can vary éetwl5 and 27 bp with the following
consensus sequence: CCA1-2 TTT (T/C)C(A/G) CA(GMAL1-4. The repetitive
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domain is also mainly responsible for the geneyalrdphilic character of LMW-GS.
The locations of the cysteine residues in the ssrpialistinguishes between those
LMW-GS that form intermolecular disulphide bondse(ffirst and the seventh cysteine
residue) from those forming intra-molecular disudighbonds. Based on the distribution
of cysteine residues, the LMW-GS proteins can basified into three main different
types: (1) those with one cysteine in the shorteirinal domain; (2) those with a
cysteine residue in the repetitive domain replativag in the N-terminus; and (3) those
with eight cysteines in the C-terminal part of tpheotein. This different cysteine
distribution could lead to functional and practickfiferences. Glutamine and proline
account for almost 50% of the total amino acidsnpdpeabout 30 and 15 mol %,
respectively. A characteristic of LMW-GS genes hg preferential use of the CAA
codon (about 70%) in place of the CAG triplet ta¢@ihe glutamine residues, which is
also typical of other endosperm proteins such iasligl and HMW-GS.

The deduced sequences of the mature LMW-GS alswv sfiferent N-terminal
sequences, which have been used to classify therafit gene sequences into groups
(Tab. 1.3). Comparison of some DNA-deduced N-teahisequences with those
effectively detected at the protein level showedt thtome correspond to proteins.
However, the N-terminal sequences METSCIPGLERPS-ETSHIPGLERPS-,
METSRIPGLE- and METSHIPGLEKPL-, found at the protdevel by Lew et al.
(1992), have not yet been detected at the gené(lB\@vidio and Masci, 2004).

The analysis and the characterization of LMW-G&tigpartial stage, due to the large
number of subunits expressed in the endosperm eétyland also for their similarity in
chemical and physical characteristics that makemthifficult to purify (Tosi et al.,
2009).

The secondary structures of LMW-GS, except forDhsubunits, have been proposed,
and share an overall similarity with the structofethe S-rich gliadins (Tatham et al.
1987; Thompson et al. 1993, 1994). The N-terminamains are rich inB-turns
(Lambourne et al.,2010; Tatham et al., 1985; Tatlsad Shewry, 1985), possibly
forming a regular spiral structure, while the sharh-repetitive C-terminal domains are
rich in a-helices and appear to be more compact (Thomsah,et992; Masci et al.
1998). Application of flexibility modelling to a spific LMW-GS (the so-called “42K
LMW-GS”) indicated that the repetitive domain waghty flexible, particularly where
stretches of glutamines were present (Masci €138). The 42K LMW-GS contains

two cysteine residues that are likely to be invdlue inter-molecular disulphide bonds,
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namely the first (Cys-43 according to Masci et(8098) or Cb* according to Kéhler et
al. (1993)) and the seventh (Cys-295 or Cx). Thes&lues are predicted to be located
or surrounded by regions of high flexibility, whicmight be a mechanism that
facilitates polymerisation. The remaining six cysteresidues in the 42 K LMW-GS
are likely to be involved in intramolecular disuig@ bonds, as suggested by direct
amino acid sequencing of cysteine containing pepticsimilarity with the closely
relatedy-gliadins, and site-directed mutagenesis of cyste@sidues (Keck et al., 1995;
Kohler et al., 1993; Mdller et al., 1998; MiullercaiwVieser, 1997; Orsi et al., 2001;
Shewry and Tatham, 1997; Thompson et al., 19934 19here is little doubt that the
first (Cb*) and the seventh (Cx) cysteines are Iwed in inter-molecular disulphide
bonds; this latter residue has in fact been foumdoé linked to several different
polypeptides, namely HMW-GS and a modifieg@liadin (probably a C-type LMW-
GS) (Keck et al., 1995; Kdhler et al., 1993).

The role of enzymes in the formation of disulphidends in prolamins is also
unresolved. The use of protein disulphide isomei@4d@l) and cysteine-containing
synthetic peptides based on LMW-GS indicated thatid have a strong oxidising
effect, but this effect was inversely correlateghtotein molecular weight, inferring that
the enzyme does not play an important rolevivo (Bauer and Schieberle, 2000).
However,in vivo studies indicate that PDI might be involved in #ssembly of wheat
storage proteins within the ER, based mainly oalitsndance in developing endosperm
(DuPont et al., 1998; Grimwade et al., 1996; Shinatral., 1995, Vitale and Boston,
2008).

The dynamics of formation of both intra- and intetecular disulphide bonds
nowadays is still a matter of debate. LMW-GS argomaomponents of the glutenin
polymers, being about 5-6 times more abundant HidihV-GS (Clarke et al., 2000;
Kasarda, 1989, Dupont et al, 2011). However, iin@ known whether they are
randomly incorporated into the glutenin polymer,tioeir incorporation is subject to
particular constraints due to their structure, tighdf synthesis, or the involvement of
specific enzymes. Lindsay and Skerritt (1998) pegmbthat the pattern of release of
glutenin subunits from glutenin polymers by stemwigduction indicates that this
structure has a precise organisation. They fouadlttW-GS were initially released as
dimers, with monomers appearing after increasirggy dbncentration of the reducing
agent (DTT). B subunits were released at a low eommation of DTT, whereas C

subunits were released over a wider concentratioreaducing agent. This has been
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interpreted to indicate that B subunits are preseiie biggest polymers, since inter-
molecular bonds are broken first, whereas C subwar# involved in polymers with a
wider range of molecular weight. On the basis efrésults reported by these authors, B
subunits may behave like a type of adhesive toilgtalihe glutenin polymers, since
once they are released, complete depolymerisatiouars.

Little is known about the structures of the D-sulsiof the LMW glutenins. In terms of
electrophoretic mobility and N-terminal sequendés, D-subunits are very similar to
the S-poorw-gliadins (Masci et al 1991a, b, 1993, 1999). Sgepdty, the D-subunits
are mutant forms of the monometiegliadins in which acquisition of a single cysteine
residue allows cross-linking into the glutenin pobr. It has been proved that only one
cysteine residue was involved in the structure eubunits, allowing them to act as
chain terminators (Masci et al. 1999). Similarlyia@belli et al (1996b, 2002a) and
Nieto- Taladriz et al (1998) have reported LMW-G8#hwa Mr of=70,000 Da and N-
terminal sequences similar to that of thliadins, encoded at the Gli-B1 locus. This
subunit played a part in in the glutenin polymesteucture (Gianibelli et al., 2001,
2002a).

1.3.5.2.2.2.2 Relationship of LMW-GS to wheat qudir

LMW-GS are important for the end-use quality of Wharwheat, in particular subunits
encoded by loci present on chromosome 1B (Joseplatial., 1987, Gianibelli et al.,
2001). The best pasta-making characteristics asecaged with the presence of a
specific allelic form of typical LMW-GS, named LM\&-(Payne et al., 1984b). This
allele also seems to be important for determinirgat-making properties (ke et al.,
1994).

LMW-2 comprises a group of polypeptides, encodedthi®y Glu-B3 locus, which is
genetically linked to the Gli-B1 locus, which comtgenes encoding andw-gliadins,
designated 45 and 35, respectively. Most commordyg durum wheat cultivars have
either the LMW-2y-45 (plus 36w-gliadin 35) or the LMW-}-42 (plusw-gliadins 33,
35 and 38) allelic forms, the latter being asseciatvith poor quality pasta-making
properties. Because of the close association betwd® andy-45 with LMW-1 and
LMW-2, respectively, it was initially assumed thguality characteristics were
dependent on the presence of the specific gliadither than the associated LMW-GS.
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However, many more recent studies have demonstthteimportance of LMW-GS,
and it is now commonly accepted thal2 andy-45 are only genetic markers for
quality (Boggini and Pogna, 1989; Pogna et al.8)98

There are indications that the better quality assed with the presence of LMW-2 in
durum wheat is mainly due to the fact that the sitbuare more abundant than the
LMW-1 subunits (Autran et al., 1987; D’Ovidio et,a992; Masci et al., 1995) and that
structural differences may play only a minor rdEdvidio et al., 1999; Masci et al.,
1998). In support of this, D’'Ovidio et al. (1999osved that allelic genes encoding
major components of the LMW-1 and LMW-2 groups eli&éd only by 15 amino acid
substitutions within the repetitive domain. Althdug is not possible to exclude the
possibility that other LMW-GS belonging to the LMWand 2 groups are responsible
for their different effect on end-use quality prapes, this result supports the hypothesis
that quantitative differences in LMW-GS are impattdurther support comes from the
poor processing properties of the durum wheat v@altDemetra that possesses the
LMW-2 group, but has a low total amount of LMW-G&used either by a lower
number of subunits composing the LMW-2 and to aelolgvel of expression of those
LMW-GS present (Masci et al., 2000b). The mainati#hce between the LMW-1 and
LMW-2 protein groups is the presence of a slow mgvwlu-B3 coded LMW-GS in the
LMW-2 pattern (D'Ovidio et al., 1999; Masci et al995; Nieto-Taladriz et al., 1997;
Ruiz and Catrrillo, 1995, 1996). This slow-moving WAGS corresponds to the 42 K
LMW-GS (Masci et al.,, 1998) in most genotypes ahdsiconsistently the most
abundant LMW-GS polypeptide (Masci et al.,, 1995)elc variants of the LMW-2
group have also been described and in all case® thee associated with excellent
technological properties (Brites and Carrillo, 20®uiz and Carrillo, 1995, 1996;
Vazquez et al., 1996). The 42K LMW-GS may also besent in good quality bread
wheat (Masci et al., 2000a), but it is not assedatith the LMW-2 group, which does
not appear to occur in hexaploid wheat. Although\WMN&S are the major group of
gluten proteins that determine the bread-makingadteristics of dough, LMW-GS
also play an significant role.

In general, the LMW-GS are associated with dougsistence and extensibility
(Metakovskii et al., 1990; Andrews et al., 1994r@sh et al., 2001), and some allelic
forms of LMW-GS show even greater effects on th@eperties than HMW-GS (Payne
et al.,, 1987b; Gupta et al.,, 1989, 1994). Similanyll alleles of LMW-GS have

detrimental effects on dough resistance and eXigihgi(Benedettelli et al., 1992).
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Differences in the total amount of LMW-GS, assaihatvith specific allelic forms,
have also been reported to be an important caugeadity differences in bread wheat
(Gupta and MacRitchie, 1994; Luo et al., 2001).

Since most of the qualitative evaluations of LMW-G&ve been devoted to B-type
subunits, the most abundant ones, little is knovday about the role of C- and D-type
subunits. Regarding the latter, the presence afiglescysteine residue may indicate a
role as chain terminator, since the incorporatidnthe subunit would lead to the
termination of the growth of the glutenin polymbtasci et al., 1993; Tao and Kasarda,
1989; Egorov et al. 2000; Gianibelli et al., 200B&, Moreover, SDS-sedimentation
tests on two biotypes of the bread wheat cultivawddn differing at the Gli-D1/Glu-D3
loci showed lower values for the biotype that pesed D-type subunits, providing
further support for their negative contributionwisco-elastic properties of the dough
(Masci et al., 1991b).

1.3.5.2.2.3 Polymer formation

As explained above, the polymeric protein of wheatosperm is a mixture of
polypeptides (subunits) held together by disulfisiends, thus forming the protein
matrix between the starch granules and gas bulobldsugh. Because these polymers
have molecular sizes ranging up to tens of milliohslaltons (Wrigley, 1996), it has
been difficult to determine the precise organizamd molecular weight distribution.
In working toward the elucidation of structure, fir@posal of models has been a useful
tool for gaining a better understanding of the psscof glutenin formation. Ewart
(1968, 1972, 1977, 1979), Graveland et al. (1986 Kasarda (1989) have proposed
ideas about polymer formation.

Ewart’s is a linear model in which the subunits (fiféerentiation between HMW-GS or
LMW-GS) are linked head-to-tail in a random fashioy disulfide bonds between
polypeptides.

In Graveland’s model, the backbone of the molecolaprises only HMW-GS with the
x- and y-type subunits alternating in a head-tbaaiangement and lateral attachments

of LMW-GS:; disulfide bonds maintain the structure.
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The model suggested by Kasarda (1989) takes imtouat the proportion of HMW-GS
and LMW-GS (10-20% and 20-80%, respectively). tpoises a cluster of LMW-GS
structures connected through disulfide bonds lacatehe C-terminus with HMW-GS
that act as connecting strings for further clustdreMW-GS. It also incorporates the
concept of chain-terminators as proteins (mainly WUNES) with only a single
unreacted cysteine residue that would stop thenpadizing process. Recently, a more
refined branched model of the glutenin macropolyires been proposed (Lindsay and
Skerritt 1998, 1999).

Although there is controversy about the manner inictv glutenin subunits are
incorporated into the glutenin polymer (Kasarda%38wvart 1990), the results obtained
so far support a random process in which both HM®/-&hd LMW-GS participate
(MacRitchie and Lafiandra 1997). The polymers fodmey LMW-GS were first
observed by Bietz and Wall (1980) and confirmedpler et al (1993) and Vasil and
Anderson (1997). Dimers of HMW-GS must also be @sred in any model. They are
common in partly reduced glutenin preparations (lesmwge and Payne 1983; Werner et
al 1992; Shani et al 1994). Dimers of x- and y-t{{idW-GS were widely observed
and, to a lesser extent, dimers composed of ortjyp&-subunits were also detected.
Although intermolecular disulfide bonding is the jorafactor defining polymer
stability, NMR studies by Belton et al. (1995) aatbmic force microscopy studies
(Humphris et al 2000) indicated an important rofe hgdrogen bonding between
adjacent HMW-GS and between HMW-GS and other pmetén stabilizing the
structure of gluten. High proportions and regulaasng of glutamine residues would
favor extensive hydrogen bonding. Moreover, althotige effect of the glutenin on
wheat quality has largely been considered in i@tatd subunit composition, there is the
need to also introduce the concepts of polymerwabale, taking into consideration the
interactions that occur with the wider range of poments of dough. Polymer science
indicates the importance of the size distributionduch molecules as a critical principle
governing the physical properties of synthetic pudys (MacRitchie 1992; Weegels et
al 1996a, b). For example, molecules below a ceggie limit (threshold level) would
not contribute to the strength properties of a wmhix@lymer. By analogy, size
distribution of the gluten proteins is highly cdated to bread-making quality (Southan
and MacRitchie 1999).
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1.4 What is the origin of gluten?

1.4.1 Regulation of prolamin gene expression

Prolamin genes are subject to tissue-specificqlsyaendosperm), developmental (they
are expressed exclusively during mid- and late-ldgweent of the grain filling), and
nutritional regulation, responding sensitively I tavailability of nitrogen and sulphur
in the grain (Duffus and Cochrane, 1992; Giese ladp, 1984, Shewry, 2009). This
control of gene expression is exerted primarilyhat transcriptional level (Bartels and
Thompson, 1986; Sgrensen et al., 1989). Sincedhey similar patterns of expression,
it is to be expected that prolamin genes would hageilatory sequences in common.
However, little is known about the mechanisms bycWlithe expression of prolamin
genes responds to sulphur. However, a motif invbivethe response of S-poor and S-
rich prolamin genes of wheat, barley and rye toogen has been identified. This motif
(called the “N motif” or “nitrogen element”) (Hammad-Kosack et al., 1993; Muller
and Knudsen, 1993) is present within a highly corest sequence called the “prolamin
box”. The latter was the first prolamin gene regaia sequence to be reported and was
identified through a comparison of the promoters@feral gliadin and hordein genes
(Forde et al., 1985). This revealed the presencthefconserved sequence, which is
approximately 30 bp long, around 300 bp upstreath@ftranscription start site (it was
first called the “-300 element”). The prolamin beowntains two conserved maotifs,
TGTAAAGT and G(A/G)TGAGTCAT, with a more variablegion in between. The
position of the prolamin box is highly conservedihmthe first T of the endosperm
motif close to position -250. The-gliadin and LMW subunit gene promoters contain
additional complete or partial boxes further upmtnen the promoter, but these do not
appear to be required for promoter activity and raoe present in the- or o-gliadin
promoters. The N motif is inverted in S-poor gefrem barley (C hordein) and rye-{
secalin) (Shewry et al., 1999) but not in the prola box of thew-gliadin gene.
Promoter regions containing the prolamin box hagenbshown to be functional by
introducing promoter/ chloramphenicol acetyl tramate (CAT) reporter gene
constructs into transgenic tobacco (Colot et &871 Marris et al., 1988). However, the
prolamin box is not present in all prolamin genésin gene promoters, for example,

contain a highly conserved 15 bp element that lees lsuggested to act as a tissue-
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specific enhancer (Quayle and Feix, 1992). Theapnot box in its entirety is also not

present in HMW prolamin gene promoters (Shewryl.e1899).

1.4.2 Seed storage proteins synthesis and depositio

Cereal seed storage proteins are produced by tiretsgy pathway and deposited in
discrete and separate protein bodies (Rubin et292). However, the mechanisms that
determine the pathway of storage protein traffigkend deposition are still partly
understood. Protein bodies originate from the eretobrane system of the cell, which
comprises the ER, the Golgi apparatus and varigpsst of vesicle involved in the
transport of components to and from specific catlulestinations (Rubin et al., 1992,
Shewry et al., 1995; Vitale and Bollini, 1995, Gauet al., 1996). Seed storage proteins
are synthesized by mRNA associated with polyriba®wn the rough ER (Chrispeels
and Herman, 2000). The protein translated fromnifRNA differs from that deposited
in protein bodies in the presence of a short N-teainextension (the signal sequence
which is usually ~20 amino acids) whose role itetd the newly synthesized (nascent)
polypeptide through the ER membrane into the lurtiams entering the endomembrane
system. This occurs by specific interaction of signal sequence with a complex of
proteins, the translocon. Once the nascent poligejgimerges into the ER lumen the
signal sequence is removed by a specific enzymesigaal peptidase) and the

polypeptide chain commences to fold into its thdeeensional structure.

Rubin et al., 1992 also provided the evidenceliereaxistence of two different types of
protein body in wheat (Herman and Larkins, 1999(.(E.8). These bodies differed in
density and accumulated simultaneously and indegpehdin wheat endosperm cells.
The denser protein bodies appeared to be formeabebgiggregation of storage proteins
within the ER while the lighter bodies appearedetsult from aggregation at a post-ER
location. The authors also showed that, in yourgjngr most of the gliadins were
present in the light protein bodies, whereas atemmature stages they were found in
both protein both types (Levanony et al., 1992).ddntrast, the HMW subunits were
highly enriched in the dense protein bodies durthg entire period of grain

development. No clear results were obtained folL#i&V subunits.
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Fig 1.8: A representation of the existence of two differeatficking way in wheat endosperm
Taken from Herman and Larkins, 1999.

It's well know that the folding and assembly of thleiten proteins is assisted by ER
lumenal proteins, such as the enzyme protein digidpisomerase (PDI) and the
molecular chaperone binding protein (BiP) althoubis is still not conclusively
established (Grimwade et al. 1996; DuPont et &@8).9lt has been reported that some
prolamins accumulate in the ER before being depdsiito protein bodies (PBs) (Galili
et al. 1993). These PBs are derived from the ERitdmaks been suggested that they are
transported directly to the storage vacuole bypgstie Golgi (Levanony et al. 1992;
Galili et al. 1993; Vitale and Galili 2001) (Fig7). However, other reports show the
trafficking of some prolamins via the Golgi parti@thy during the early stages of seed
development (Parker and Hawes 1982; Shy et al.;A0flissert et al. 2008; Tosi et al.
2009). In mature seeds, the prolamins form a masxlting from the disappearance of
the PB structure (Rubin et al. 1992).

The glutenin proteins are elastomeric, similarilfo grotein, abductin or elastin protein.
Despite their different amino acid sequences, flthese proteins present common
characteristics such as short repeated sequenderrmog elasticity and the ability to

form stable intermolecular links (Tatham and She@@p0). There are currently few
reports of prolamin fusions with fluorescent protéForesti et al. 2008; Saito et al.
2009), although GFP has been widely employed asaidken protein to demonstrate

passage of protein through the plant secretorywsath It has been suggested that
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accumulation in the ER lumen could be a consequehdbe ability of glutenins to
form insoluble aggregates (Shewry, 1999). The EStdemt chaperone BiP has been
shown to be associated with prolamin PBs in ricau¢Nth et al. 1997) and wheat
(Levanony et al. 1992). In addition, BiP has beeggested to be involved in PB
biogenesis because of its role in retention ofgmohs in the ER lumen by facilitating
their folding and assembly into insoluble PBs ivaleping seeds (Zhang and Boston
1992; Li et al. 1993) and leaves of transgenictgldBagga et al. 1997; Mainieri et al.
2004).

These events, translocation, signal peptide clemaad folding, occur when the protein
is still undergoing synthesis and hence are terowhnslational. Many non-storage
proteins play essential but non-specific roles torage protein synthesis and
accumulation. For example nucleoside diphosphatmske (NDK) is required for
continued production of nucleoside triphosphateseded for DNA and RNA
biosynthesis, which are prerequisites for storagsem biosynthesis (Morera et al.
1994). Other proteins may play very specific ratepost-translational processing of the
storage proteins. The lumen of the ER in all euiy contains chaperones and
foldases such as binding protein (BiP) and PDI (@o%t al. 1996, Okita and Rogers
1996, Vitale et al. 1993). These proteins have lEgacted in wheat endosperm and in
wheat and rice protein bodies (Levanony et al. 1292t al. 1993, Roden et al. 1982,
Shimoni et al. 1995). BiP is a member of the HSRfted protein family and may be
required for proper folding and oligomerizationregwly synthesized proteins as they
are translocated into the ER (Normington et al.919Bkita and Rogers 1996, Vitale et
al. 1993, Vitale and Denecke 1999). BiP may bindnamently to misfolded proteins
(Vitale et al. 1993, Vitale and Denecke 1999) dreté is a correlation between BiP and
storage protein misfolding in maize endosperm (8ot al. 1991, Fontes et al. 1991).
PDI catalyzes the formation of inter- and intrancolar disulfide bonds (Vitale et al.
1993), also appears to have a chaperone capalb@tan et al. 1995) and was
demonstrated to catalyze intramolecular disulfidad formation in a wheat gliadin
(Bulleid and Freedman 1988). HSP70 is a cytoplasthaperone which also assists in
folding newly synthesized polypeptides (Boston let1896). The significance of the
chaperones in import of glutenin subunits into B folding, assembly of the subunits
into polymers, and formation of wheat storage prob@dies is subject to debate. Some
authors raised the question of whether the patfrascumulation of BiP and PDI are
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compatible with these chaperones playing an importale in storage protein
accumulation in wheat (Grimwade et al. 1996, Shimetnal. 1995, Pedrazzini and
Vitale, 1996). Because PDI transcripts peaked earhgrain development, it was
proposed that PDI might not be available to catlgisulfide bond formation during
the period of maximum storage protein synthesisni@ade et al. 1996). Also, it was
reported that protein levels for BiP and PDI deseehbat the time of maximum storage
protein accumulation (Shimoni et al. 1995). Howeweianother study PDI activity was
detected throughout the period of grain fill (Rodsnal. 1982). DuPont et al. (1998)
showed that, unlike the gluten storage proteifative amounts of BiP, HSP70, NDK
and PDI were high early in endosperm developmdmtyThen declined as a percentage

of total protein while the storage proteins acclated.

The synthesisfolding and trafficking of the gluten proteins taldace withinthe
endomembrane system of the plant cell; determinatidhe locations and trafficking of
individual gluten proteins in developing wheat grain has dieited inthe past by the
complexity of the protein mixture with a higlegree of sequence similarity between
some components, makintgdifficult to develop monospecific antibodies @icet al.,
2009).

1.5 Proteomic analysis

The large-scale investigation of proteins in orgars (proteome-protein complement
expressed by a ‘genome’ is equally important, ggovides information on the actual
‘factories’ (enzymes) of the metabolic process. ideer, unlike other disciplines, such
as genomics and transcriptomics, proteomics ancuitent state-of-the-art techniques
and strategies are still largely in developmenbtéomics seeks to study the total
proteins expressed in any given system, whetheblojdance, activity, structure, state
of posttranslational or other modification, or htvese proteins interact with each other
in networks or complexes. Proteomics investigatioas span either a top-down or
bottom-up strategy. While the scope of the analigssrictly dependent on the goals of
the research, proteomics in systems biology gelgarers to the study of proteins at
the organism level, emphasizing both qualitativel guantitative strategies. While
strategies enabling proteome elucidation are coaliy being developed and improved,
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current methodologies vary significantly in pregoisiapplicability, and scale. Important
remaining proteomics challenges include the limithgtection range of expressed
proteins- dynamic range (for example, proteomesreage from at least 7 to over 9
orders of magnitude) Other notable challenges delthe efficient high throughput
measurement and analysis of post-translational ficatdons (PTMs), precise large-
scale quantification, and understanding complexemeprotein and protein-component
interactomes. The most direct method of investigatunpredicted alterations is
proteomic analysis of the tissue of interest. Caersible expertise in 2D gel
electrophoresis has enabled the simultaneous sogeehlarge number of proteins with
subsequent characterization by mass spectromet§) @nhd/or N-terminal sequence
data (Dupont et al., 2011; Vensel et al., 2011ptdtrmics can be divided into three
main areas: (i) identification of proteins and thgosttranslational modifications; (ii)
“differential display” proteomics for quantificaticof the variation in contents; and (iii)
studies of protein-protein interactions. The methmodst often used for analysing
differences in protein pattern is 2D PAGE (mainhEFKSDS-PAGE, i.e.
isoelectrofocusing x sodium dodecyl sulphate palyjlamide gel electrophoresis)
followed by excision of protein spots from the gdigestion into fragments by specific
proteases, and subsequently analysis by mass @petty (peptide mass
fingerprinting). It allows the identification of pteins by comparing the mass of peptide
fragments with data predicted by genetic or protegguence information. When
searching for unintended changes by 2-D PAGE, itsedtep is to compare proteomes
of the lines under investigation. If differencesprotein profiles are detected, normal
variations should be evaluated. If the profiles avetside normal variations,
identification of the protein must be carried omhich may lead to further toxicological
studies. Moreover, metabolic changes may be loa@ltatithe identified protein has a
known enzymatic activity. Comparative proteomiosdsts have been largely used to
investigate the processes that take place in ptspionse to biotic, abiotic stresses and
nutritional quality (Hurkman et al., 2004; Lainoadt, 2010).

The advent of high-throughput technologies hadifatg#d a more holistic approach to
the study of gene expression, allowing the cootdoh@haracterization of many genes
simultaneously, compared with previous studies tloaked at genes or proteins
individually (Anderson et al., 2000; Dutt and L&§00; Lopez, 2000). Proteomics is
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the systematic analysis of “all” the individual pems within a cell or a tissue

populations at a given time.

1.6 Future projection for genetic engineering of what

Transformation of specific wheat genotypes is agrfwV tool to study the function of
genes and non-coding regulatory sequences, edgduialdisease resistance and end
use quality traits that cannot be easily studiedmiadel plant species. However,
currently there are major difficulties in the diremommercialisation of genetically
modified staple foods. These stem partly from teehmnical challenges of moving
promoters, marker genes and coding sequences atifé®nt kingdoms to create
genetically-stable, metabolically-balanced, envmentally- benign agronomic
improvements and partly from the requirements gtlatory authorities and consumer
resistance. There is clear potential to develop aas of research for the improvement
of agronomic and quality traits that utilise ourderstanding of cell biology and
molecular genetics but without the use of foreighAD Modifying the plant’s own
genome could provide a route to consumer accept@mteommercialization (Shewry
and Jones, 2005).

Because of this wide range of applications, theg@ssing quality of wheat has been the
subject of an immense volume of research and wasobithe first targets for genetic
modification (GM) in the late 1990s. Studies on athbave so far focussed on two
aspects of quality that are determined principélythe grain protein composition:

dough strength and grain texture (hardness).
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2. AIM OF THE WORK

We are interested in the clarification of synthesisituration processes and deposition
of wheat gluten proteins, and the aim of this Ph&sis has been to shed light on two of
these aspects, that are: 1) the maturation proces$iLMW-GS 2) the determination
of the precise trafficking of gluten proteins, iarpicular of LMW-GS.

With regard to the first aspect, among the variolesses of LMW-GS, the most
abundant are LMW-m and LMW-s, so called accordmghe first amino acid of their
mature sequence (methionine for LMW-m and serime_fdW-s). The two classes of
LMW-GS differ mainly for the presence of three adufial N-terminal amino acids in
the LMW-m types. The comparison between the amicidsasequences of the N-
terminal region of the two types of LMW-GS has sesgfgd the possibility of a different
maturation process. We have thus hypothesizedtlieapresence of an Asn residue at
position 23 in LMW-s types determines the cleavajethe peptide MEN by an
asparaginyl endoprotease (Masci et al, 1998).isréason, the genes coding for these
two target proteins (LMW-m and —s) were mutatedrnder to have a threonine instead
of asparagine andceversa in position 23. The mutated gene versions, aloitg the
wild type version of the presumed LMW-m type, h&veen used to transform, using the
biolistic method, plants of durum wheat (cv. Sveaod two different tags (His- and
FLAG-tags) have been added at the C-terminus,derdo facilitate the recognition and

purification of the encoded proteins.

In regard to the second issue addressed in thik, weotrafficking pathways have been
proposed to occur in wheat, with proteins eitbeing transported via the Golgi

apparatus into the vacuoleamcumulating directly within the lumen of the ER.

It has been suggested that the same individuakipratould be traffickedby either
pathway, possibly depending on the stage of dewatop, and that segregation of
gluten proteins both between and witpiotein bodies may occur. In literature it has
been proposed the existence of two different pmobeidies types: the denser protein
bodies formed by the aggregation of storage prstaithin theER, and the lighter
bodies resulting from aggregatianh a post-ER location. These authors (Rubin et al.,

1982; Levanony et al., 1992) also showed that,aanggrains, most of the gliadins
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were present in the light protdiodies, whereas at more mature stages they wene fou
in bothprotein body types. By contrast, the HMW-GS weghhienriched in the dense
protein bodies during the entire periofl grain development. No clear results were
obtained for theLMW subunits. In fact, the determination of the ddons and
trafficking of individual gluten proteins in devgimg wheat grain has been limited in
the past by the complexity of the protein mixturéhwa high degree of sequence
similarity between some components, making it difii to develop monospecific
antibodies. For this reason, we have made diffegente constructs containing specific
markers for cellular compartments (for vacuole,dgbaind ER) in which GFP, YFP or
Cherry and HA-tag, have been added. These consthaste been used to transform
genetically wheat plants in order to localize, tlgh immunofluorescence tests, these
specific compartments and eventually get infornmaibout the modality of deposition
of gluten subunits, by performing crosses betwdesd transgenic plants and other

transgenic wheat plants previously transformed watyed gluten proteins.
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3. MATERIALS AND METHODS

3.1 MATURATION PROCESSING OF LMW-GS

Before entering into technical details, | wouldelito give a rough outline of the work
performed, in order to facilitate the comprehensibrihe approach used to reach the

proposed goal.

Because our initial hypothesis was that the respt®f the presumed differential
processing of LMW-s and LMW-m types was the presesfceither an Asparagine or a
Threonine at the beginning (position 23) of theingdsequence (Fig. 3.1), we thought
to use two genes, presumed to code for the two LES8Vtypes, and to mutagenize
them in the codons corresponding to amino acidpasition 23. In a previous PhD
thesis (Ferrante, 2006), an attempt to reach thee sgoal was performed by using
transient transformation, but methodologies avélal that time, and likely the use of a
different biological systemNicotiana benthamiana), did not allow to get reliable
results, although indications that our hypothes#s worrect were obtained, at least in
regard to the LMW-m type (Ferrante et al, 2006).

Signal peptide

|
| 1

METFLVFALLAVVATSATAQMENSHIPGL -

Signal peptide
I

f 1
METFLVFALLAVVATSATAQMETSHIPGL-

Fig. 3.1 The two immature polypeptide sequence of LMW-&Safid —m types). Amino acids
(N and T) at position 23 are bolded.

In order to elucidate the process of maturatioh V-GS, we thus expressed these
constructs in the native system, namely we usdaestaansformation of wheat plants
with these genes, and eventually isolated the spomding polypeptides. We used both
the mutated versions of the LMW-m and LMW-s typae® along with the wild type
version of the LMW-m type gene, because, in thitetacase, the processing as m-type
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was only hypothesized, whereas, in the case ofLiigV-s type gene chosen, the

processing had been previously confirmed (Masal,et998).

3.1.1 Plant material

Since the durum wheat cultivar Svevo is commonlgdusn our laboratory as a

background for performing genetic transformatitms tvas used also in our case.

3.1.2 Preparation of constructs and genetic transfaation

The three genes that have been used for genetsfaranation were isolated from the
PVX vectors used by Ferrante (2006) for transiepression in Nicotiana
benthamiana. One gene corresponds to a native gene (named 33B\L) that was
presumed to code for a LMW-m polypeptide, althoitgis reported in GenBank as a
gamma-gliadin (accession number M11077, Okita et &B85); another one
corresponds to the same gene (hamed HB1133T23N}dreante (2006) mutated in
position 23; and the third one (named HLMW42KN2Zbyresponding to a LMW-s
type (accession number Y17845) previously mutated-é&rante (2006) at the same
position 23. In order to use these genes for gemamsformation, we cloned them into
PLRPT vector (Tosi et al, 2004). Transgenes weteupder the control of the HMW-
GS Dx5 promoter (Tosi et al., 2004). Two differéags were added at the C-terminus
(His- and FLAG-tags) of each target gene, in otdefiacilitate their identification and
characterization. Vector pUBI::BAR was used to @msform embryos of wheat, in
order to screen and select transgenic plants. Tibkstle method was used for
producing transgenic plants (Blechl and Anders@96), in collaboration with Prof.
Renato D’Ovidio and Dr. Michela Janni (DAFNE, Twstiniversity, Viterbo).

41



3.1.3 DNA analysis

3.1.3.1 Cloning of the HLMW42KN23T gene

The reaction of amplification was prepared in auned of 50 pl containing 5 pl of 10X
buffer by addition of MgCl2, 100 ng of genomic DN4QO uM of each nucleotide, 200
ng of each oligonucleotide, 2.5 units of Fast Stdigh Fidelity DNA polymerase

(Roche). The PCR program was as follows: 95 ° Qrg fincycle, 95 ° C 1 min, 62 ° C
2 min, 72 ° C 2 min, 30 cycles; 72 ° C, 5 min, € %. The amplification product of
1144 bp was recovered from 1.2 % agarose gel aranpified with the pair of

oligonucleotides LMW42KSalF and LMW42KXbaR, thatoaled the insertion of the
restriction sites Sall and Xbal, useful for clonimgpLRPT vector (Tosi et al., 2004).
Following the sequence of oligonucleotides useteported. The Sall sites (forward)

and Xbal (reverse) are highlighted in gray.

Sal[HLMWF
5" ACAGTCGACATGAAGACCTTCCTCATCTTT 3

XbaHisFlagR

STCTAGATCACTTGTCATCGTCATCCTTGTAGTCGTGATGGTGATGGTGAG
GT 3

3.1.3.2 Cloning of the HB1133T23N and HB1133WT gese

The gene coding for the presumed LMW-m type (LMW-&.33, accession M11077)
was initially isolated from the bread wheat cv. ¢dmne (Okita et al. 1985), kindly
provided by Dr. Ceriotti (IBBA, CNR, Milano) and aled in PVX201 carrier by

Ferrante (2006), either in the mutated or wild-tgeee versions.

In order to use these genes for the transformatiomstructs, PVX vectors were

amplified with a couple of oligonucleotides SalHBBE (forward primer) and
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XbaHisFlagR (reverse primer). In this way, the niegbn sites Sall and Xbal were

inserted (highlighted in the sequence of the prameported below).
SalHB1133F

5’ACAGTCGACATGAAGACCTTCCTCGTCTTT 3
XbaHisFlagR

STCTAGATCACTTGTCATCGTCATCCTTGTAGTCGTGATGGTGATGGTGAG
GT 3

3.1.3.3 The PCR analysis

Transformant cells containing our specific congsuevere identified by PCR using
specific primers, as shown above. The PCR prograsas follows: 94°C for 2 minutes
1 cycle, 94°C 1 min, 62°C for 1 min, 72°C for 1 naind 30 seconds, 35 cycles; 72 ° C,
5 min, 4 ° Cwo, using GoTaq Green-MasterMix (Promega).

3.1.3.4 The ligation reaction

The ligation reactions were carried out so thatrét® between the molar concentration

of the insert and that of the carrier is 3:1.

The reactions were performed in a solution thattaioed amounts of carrier and
control insert DNA, depending on the size of thetoe and the insert, to which 5X
buffer of T4 DNA ligase, 0.1 U of T4 DNA ligase (nega) and water to a final

volume of 10 ul were added. The reaction mixture waubated overnight at 4 °C.

To calculate the appropriate amount of PCR prog¢insert) to include in the ligation

reaction, the following equation has been used:

ng of vector x kb size of insert

x insert:vector molar ratio = ng of insert
kb size of vector
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3.1.3.5. Transformation of E. coli competent cells

The bacterial strains employed are:

* E. coli XL1-Blue Supercompetent cells (Agilent TechnologigsThis strain has
been used for the transformation of LMW-GS-m tymmes (HB1133T23N and
HB1133WT).

e E. coli SURE 2 Supercompetent cells (Agilent Technologies)t has been
employed for the transformation and propagation @éne coding for
HLMW42KN23T.

The transformation dkE. coli competent cells was carried out as described byb8zok
et al. (1989) with some modifications. An aliqudtcompetent cells, kept at -80 C, is
left to thaw on ice for 10-15 min. Half the volurokthe ligation reaction mixture or 20-

50 ng of plasmid DNA were added to competent @eils left on ice for 30 min.

The cells were submitted to heat shock at 42 °C forinutes and 50 seconds and then
placed on ice for 2 min. After this, 1 ml of Lufgertani (LB) medium was added and
incubated about one hour by gentle agitation at 8 (E. coli XL1-Blue
Supercompetent cells), or at 30 °E. (coli Sure 2 Supercompetent cells). Finally,
bacteria were plated on solid medium containing #ppropriate antibiotic and
incubated at 37 °C or 30°C (as above specifiedL 648 hours. Colonies are tested by

extraction of plasmid DNA, and digestion with région enzymes and PCR.

3.1.3.6 Isolation of plasmid DNA

The bacterial strain were transformed with a plasomia ligation mix and the DNA was
extracted from each colony. Single bacterial c@eniere picked to inoculate 1,5 ml of
LB containing the appropriate antibiotic and shakér250 rpm, 37°C. overnight. The
day after, 1,5 ml culture were centrifuged in egehtubes at 14000 rpm for 1 min
and the pellet resuspended in 1ml TE (1M Tris-HEI§ 1mM EDTA) and centrifuged
as above. The pellet obtained was resuspendedOinlid SET (50 mM Tris-HCI pH
8, 50 mM EDTA pH 8, 20% Sucrose) using a vortex) 8bof lysis buffer (0,2 M
NaOH, 1% SDS) were added and, after mixing gehilyes were left on ice for 10 min.
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250 ul of 3M sodium acetate pH 5.2 were added and thesueft again on ice for 20
min to allow the SDS and chromosome DNA to preatgit After centrifuging at 14000
rpm for 10 min, the supernatant was collected aedotasmid DNA precipitated adding
an equal volume of cold isopropanol and centrifuf@dl0 min at 14000 rpm. Pellet
was then rinsed with 70% ethanol and dried undeawan for 10-15 min. Plasmid DNA
was resuspended in 20 of sterile water and treated with RNaseu(2f 1 mg/ml) at

37°C for 20 min. The average yield using this mdtimas about 2ig per 1,5 ml of

bacterial culture.

3.1.3.7 Maxi preparation of plasmid DNA

Plasmid DNA was extracted using the “Purel'hiHiPure Plasmid Filter Purification”

kit (Invitrogen), following the manufacturer’s imgttions.

3.1.3.8 Gel extraction and purification of DNA fragnents

For the purification of DNA fragments from agaragss a “Nucleospin Extract II” kit
(Macherey-Nagel) was used according to the proesduspecified from the

manufacturer.

3.1.3.9 Digestion with restriction enzymes

All the restriction enzymes were purchased fromnirga and used with the supplied
buffers. Different quantities (from 500 ng to 542§) of plasmid or genomic DNA were
used whether they were for analytical or prepaeatdigestion. Incubation was
performed for 1-2 hours at 37°C with specific riesiton enzymes in appropriate
reaction conditions. Usually 1U of enzyme were adderpug of DNA. Digestion of
genomic DNA was performed in a appropriate readboffier using 5-1Qug of DNA in

a final volume of 4Qul.
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3.1.3.10 DNA sequencing

DNA sequence analyses were conducted by a comrheegjaencing service (Eurofins

MWG Operon, Ebersberg, Germany).

3.1.4 Nucleic acids extraction from plant materiahnd relative analyses

3.1.4.1 Total DNA extraction

Half wheat kernels were ground with a mortar anstlpeand 8Qul of extraction buffer
(100 mM Tris-HCI pH 8, 50 mM EDTA pH 8, 500 mM Na@l,25% SDS), pre-heated
at 65°C, were added to each sample before the atiombat 65°C in a water bath for 10
min. After this step, 26.4l of 5M potassium acetate were added and the samyeee
kept for 40 min on ice, centrifuged for 10 min 8000 rpm at 4°C and the supernatant
stored. For the DNA precipitation, 8@ of isopropanol were added; samples were
centrifuged again at 4°C for 10 min, the superrnateass poured out and the pellet
rinsed twice with 15Qul of 70% ethanol. The pellet was then rinsed twigth 70%
ethanol, dried under vacuum and resuspended owratg4d°C with 20ul of TE or
water. The DNA was stored at 4°C (-20°C for longeriods).

3.1.4.2 PCR analysis of wheat lines transformed witLMW-GS

Transformed Tplants were identified by PCR by using primers dpefor the HMW-

GS DX5 promoter and the terminator (shown belowhe TPCR program was as

follows: 94°C for 2 minutes 1 cycle, 94°C 1 min’62or 1 min, 72°C for 1 min and 30
seconds, 35 cycles; 72 ° C, 5 min, 4 &C

PRDX5F (forward oligonucleotide specific for promogr)

5" CATGCAGGCTACCTTCCAC 3’
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PRDX5R (reverse oligonucleotide specific for promatr)
5 CGGTGGACTATCAGTGAATTG 3
Dx5TermR (reverse oligonucleotide specific for ternmator)

5" TTCAGTGGCTGACAATGAGC 3’

3.1.4.3 DNA electrophoresis

To identify and separate DNA fragments, 1,2-1,5%rage gels were prepared in TBE
1x (Tris, Boric acid and EDTA), with O@8/ml Ethidium Bromide. Amplified DNA
samples were prepared by adding a suitable voludré& tbading Dye (Fermentas). As
molecular weight markers, either GeneRuler 100 bpAD adder or GeneRuler 1kb

DNA Ladder (“Fermentas”) were used.

3.1.5 Proteomic analysis

3.1.5.1 Isolation of glutenin subunits

3.1.5.1.1 Total glutenin subunits extraction

50 mg of flour from the durum wheat cultivar Sveas well from the obtained
transgenic lines were washed three times with 1ain&0% (v/v) propanol in order to
remove the soluble fraction. The pellet was treatdt a solution (1 mg: 10 mL) of
50% propanol containing, 50 mM Tris-HClI pH 8.8, 1IMmMEDTA, 10 mM
iodoacetamide or 1,4% of 4VPP, 1% (w/v) DTT for atlv0 °C. After centrifugation at
13000 rpm forl5 min, the recovered supernatantadaed with four volumes of cold
acetone and kept overnight at -20 °C to precipita¢eglutenins. After centrifugation at
13000 rpm for 15 min the precipitated proteins wereovered and dried in a Savant

centrifuge.
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3.1.5.1.2 Enrichment of B-type low-molecular-weighglutenin subunits

In order to obtain a fraction enriched in B-type/dmolecular weight glutenin subunits,
to which LMW-m and LMW-s mostly belong, we used titecedure reported by Masci
et al. (1999).

3.1.5.1.3 2-D quant Kit Assay

In order to load comparable amounts of proteins2foranalyses, quantification was
performed with the 2-D quant Kit Assay (GE HealtieyaThis is based on the specific
binding of copper ions to protein. Precipitatedtemts are resuspended in a copper-
containing solution and unbound copper is measwidd a colorimetric agent. The
color density is inversely related to the proteanaentration. The assay has a linear
response to protein in the range of Ot0 This Kit was also used to have an accurate
estimation of the protein extractions prior the IEFix dilutions (0-50ug) of BSA
provided in the kit (2 mg/mL) were used as stanslafFlve and teruL of samples
(containing the protein extractions dissolved irhyR&ation Buffer) have been assayed

in each test.

3.1.5.1.4 2D electrophoretic analysis (IEF vs SDSABE) of LMW-GS

Total glutenin subunits or B subunits of LMW-GS wesuspended in 250L of a

solution composed of 7 M Urea, 2 M Thiourea, 4%vjVZHAPS, 1.2% (v/v) Destreak
Reagent, 0.5% (v/v) IPG buffer pH 3-10 and 6-11eaist for 2 hour. Isoelectric
focusing (IEF) was performed witlPGphor ™ Isoelectric Focusing System (Amersham

Pharmacia Biotech) and carried out on immobilizétlgradient (IPG) strips (18 cm,
1mm) pH 3-10 and pH 6-11 (for LMW-m, B1133 and foMW-s type, 42K,

respectively). The strips were hydrated with saspbeernight (12.30 h) at room
temperature. IEF was performed at 90.000 volts$hair20 °C. After focusing, the
strips were equilibrated for 30 min at room temp@&in a solution of Urea 6 M, 2%
(w/v) SDS, 30%(v/v) Glycerol, 50 mM Tris-HCI pH 6.8% (w/v) DTT and loaded on
the top of a 1 mm thick SDS polyacrylamide gel I8, d 11% C 1.28%. Second
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dimension is performed in vertical 12% polyacryldengels usindProtean Il xi multi-
cell andProtean Plus Dodeca cell (Bio-Rad). Electrophoretic separation was carrietd o
at 40 mA/gel, with cooling at 10 °C. Gels were rs¢al with Coomassie Blue G250
(Neuhoff et al, 1988) and destained in water beifmigge acquisition.

The gel analyses were performed using the softwé8ameSpots Progenesis (vers.
4.5.4293.47197, Nonlinear Dynamics, UKRriefly, after automatic pixel level
geometric alignment, a software automatic managéenwn spot measurement,
background subtraction and normalisation were ggedr Then, the biological gel
grouping process drove the generatiorpofalue from the application of analysis of
variance (ANOVA). In addition the software includ#gstermination of False Discovery
Rate (FDR, g 0.05), and Principle Component Analysis (PCA; adta to O"Gorman

et al. (2007).

3.1.5.2 Western Blotting and amino acid sequencing

The Western blotting of the 2-D patterns was pentxt using aMini Trans Blot Cell
module (Biorad). Sequi-blot PVDF (polyvinylidenefldoride) membranes (Bio-Rad,
Hercules, CA) were wetted in methanol and rinseith Weionized water for 5 minutes
before soaking in electroblot buffer (10 mM CAPS -cfjglohexylamino-1-
propanesulfonic acid], pH 11). Filter paper (Whatra MM) was also soaked in
electroblot buffer before use. After 2-D electrop®is, the region containing the
polypeptides of interest was cut out of the unstdigels and gel pieces were soaked in
electroblot buffer for 5-10 minutes. Transfer wasfprmed for 1 hour at 4°C, at a
constant voltage of 100 V. Transfer stack was tismantled and the membrane was
rinsed with distilled water for 5 minutes beforaising with Coomassie blue (0,025 %
(w/v) Coomassie R-250, 40 % (v/v) methanol) for iBues. The membranes were then
de-stained for 5 minutes in 50 % (v/v) methanoiefty rinsed in distilled water and
allowed to air dry at room temperature. Spots oériest were excised using a clean
razor blade, and amino acid sequencing was perfbraceording to the procedure

reported by Tao and Kasarda (1989).
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3.1.5.3 Immunoblotting

For immunoblotting experiments, the resolving gel del pieces containing the region
of interest, in case of big gels) was incubatettansfer buffer (25 mM Tris- HCI, pH8,
192 Mm glycine and 0,04% SDS) for 15 minutes a8&S-PAGE. The blotting was
performed in aMini Trans-blot apparatus (Bio-Rad) using a PVDF membrane (Bio-
Rad) according to the manufacturer’s protocol. Aftansferring, the membrane was
saturated in 100ml of Blocking solution (10 mM FHEI pH 8, 150 mM NacCl, 0,1%
Tween20 and 5% not fat dry milk) at room tempemtun an orbital shaker, for 2h.
The membrane was then washed twice in Washing b(ifemM Tris-HCI pH 8, 150
mM NaCl and 0,2% Tween20) and incubated overnighth vepecific primary
antibodies from rabbit. In particular, a polycloraitibody that recognizes the eight
amino acids of Flag-tag (Sigma-Aldrich) was use@mRved from the incubation
buffer, the membrane was washed extensively andbated with the secondary
antibody (goat anti rabbit horseradish peroxidaseugated) at room temperature, for 1
hour. The antigen-antibody complex was detectedgusie “Western blotting Luminol

reagent” kit (“Santa Cruz Technologies”) and follog/the manufacturer’'s procedure.

3.1.5.4 Mass Spectrometry Analysis

These analyses were performed by Dr. William H.3&iUSDA, WRRC, ARS, Albany, CA).

3.1.5.4.1 Protein digestion

In preparation for mass spectrometry Coomassikantilblue (Sigma-Aldrich Corp. St.
Louis, MO, USA) stained bands were removed frompiblyacrylamide gels and stored
in 1.5 mL Eppendorf tubes. Immediately prior townatic digestion the gel pieces (1-
3) were placed into a 96-well reaction plate thaswpositioned in an automated xyz
robot (DigestPro, Intavis, Langenfeld, Germany)eTiobot automatically destained,
reduced, alkylated and digested the proteins ingeeplugs with Sequencing Grade
Modified Trypsin (Promega Corporation, Madison, WISA). Twentyug of trypsin
was used for each 96-well sample plate and digestias performed at 35°C. At the
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end of the digestion period the instrument eluteel tryptic peptides into a 96-well
receiving plate that was then inserted into th@sarpler interfaced with the QSTAR
pulsar! hybrid quadrpole-TOF mass spectrometer (Appliedsistems/MDX Sciex,

Toronto, Canada) configured with an electrosprayization (ESI) source (Protana,

Odessa Denmark).

3.1.5.4.2 Electrospray lonization

The samples from the DigestPro 96 well receiviag twere loaded into an autosampler
(FAMOS, LC Packings/Dionex) that then loaded thengla into a sample loop. A
loading pump (Switchos, LC Packings/Dionex) thermpad the sample (typically
10uL) through the loop onto a reverse phase sarngfe Typically 100-200 ul of
loading solvent was pumped onto the sample-comigitiap before it was switched in-
line with the analytical column and gradient elatstarted. (Note: To aid in preventing
hydrophilic peptides from not sticking to the trége loading pump solvent contained
0.01% HFBA. Additionally the sample from the Digesi was in 0.03%TFA) The
analytical column was a C-18 monomeric, Vydac EVEREolumn ( 238EV5.07515;
Grace/Vydac & Co). The column effluent passed tghoan emitter (spray tip) that had
a 8 micron orifice (catalogue no. FS360-75-8-CE{&@w Objective, Woburn, MA,
USA). The column exit was plumbed into one end dtainless steel union and the
spray A liquid junction at the SS union providedhtaet for the spray voltage (2200) A
co-axial counter-flow of ultra high purity (UHP)trogen (curtain gas at a setting of 20)
was used to aid spray desolvation and to shieldnthes spectrometer. Mobile phase A
was 0.5% glacial acetic acid (Fisher Scientifiggent grade) diluted in HPLC-grade
water (Burdick and Jackson, Muskegon, MI, USA). lwbphase B was 80%
acetonitrile that was 0.5% in acetic acid. Samplese eluted with the a gradient profile
of: 8% B at 0 min to 80% B by 12 min through 13 nor8% B by 14 min continuing at
8% B to 28 min using a low rate of 200-250 nl pénurte.

3.1.5.4.3 Mass spectrometry particulars

Calibration of the TOF mass analyzer was with tB&.Q713 and 1245.5444 mass to
charge (m/Z) m/z fragment ions from the collisioduced dissociation (CID) of the +2
charge state (m/z 785.8) of glufiborogen.(Note hérat the parent mass of the

glufibrinogen fragment is doubly charged, but ttnet fragment ions each carry a single
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charge. Thus the parent m/z is less than the fragrae m/z of 1245.5. is Data
acquisition was performed using the informationedefent acquisition (IDA) mode of
Analyst QS software. (An aside here: the operator set certain characteristics for
whether an ion is fragmented or not and the insentrwill follow those rules. See this
unfold below.) The instrument was configured torgaut a survey scan (Q1 passing
m/z of 300-1500 into the Time of Flight -TOF) foled by two product ion scans.
Different scan ranges were used but in generain fam initial survey scan of mass
range m/z 300-1500, the most abundant single, dooibkriple charged ion above a
threshold of 5 counts was selected for fragmemafidve quadrupole mass filter (Q1)
was adjusted so that only ions of the selectedemi@red the collision cell (Q2). CID of
the mass-selected ion in Q2 was carried out usidg bitrogen. Fragment ion range for
the TOF mass analyzer was set to 70-2000 m/z. fidwigsor ion was precluded from
further MS/MS experiments for 45 seconds. An IDAigtcwas used to determine the
optimum collision energy for each precursor ion.lldwing the 3 s MS/MS
fragmentation period(S), the MS survey scan wasatgal until another MS/MS period

was triggered.

3.1.5.4.4 Database analysis and identification ofgteins

Data were extracted from the Wiff files generatgdinalyst QS with the use of Mascot
version 2.3.01. Mascot not only searches a useifgzbdatabase it also generates a set
of files that contain the information used to quégit database. Those files allows the
use of a second program to search the same databas® two search engines
increases the confidence that one places in tha datl can lead to an increase
statistically significant protein hits. The data svaearched, using Mascot and
XITandem against a database containing 11,589 wtredé¢in sequences from NCBI
Triticum aestivum plus a list of common laboratory contaminants (Giebal Proteome
Machine) as well as expected sequences from thennand wild type expressed
proteins. The results of the searches were compiaedlyzed and visualized using
Scaffold version 3.04.
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3.2 TRAFFIKING OF GLUTEN PROTEINS

3.2.1 Preparation of constructs for plant transfornation

The base vector of each gene construct was the RER&VS (Invitrogen). A scheme

of this vector is reported in Fig. 3.2 (Wiley et28107).

Psport— PromPinA | Xmal | GUS-NOS | Ecorl —

Fig.3.2: Schematic representation of PSPORT construct gwéitel., 2007).

Each construct contains a specific marker for g@agnition of the different subcellular
compartments: for the vacuole we useddhEp (Arabidopsis alpha-tonoplast intrinsic
protein, Hunter et al., 2007); for the endoplasmeitculum we chose the Sedblthe
single membrane-spanning subunit of rice, Ondalet2809); and for the Golgi
compartment thei-1,2-Mannossidase | (Manl) (soybean key enzyme lveebin N-
linked Glycan processing, Nelson et al., 2007)thal marker gene sequences are shown
in the following section. All the constructs inckidhe promoter PinA (sequence
showed below), that was used because it allowsvan expression throughout the
endosperm (Wiley et al., 2007). Moreover, in eashstruct we added the HA tag, for

facilitating the identification of the protein procts.

The description of the different steps performeatain the constructs is reported in

the Results section.

PinA promoter sequence

5 CATTTCCTGTTTATCCTATGATCTGCATGACTGTGTGCAACTGCABETGRBCCCTA
GGCTTATTTCCATATTGATTATTACTCACCTCGATTTTTGTTTGTASGTEATTTATTGG

TCAAAGATAATTGTTTCTGGGGAAAAATGAAGGATTAGAAGAAGCOTIEI BICBGAATCTC
AATCTTCGATAAACCAAGGGAGAATAATTAGAAAAGATGGCTATCEABTAERTTGCACT
TTCTAGGTCAGAATCAAAACCCTTTTATGGCATTGTACATGGGGAGIEITEGAG CTAAGG
TTAATCCTAACCCGTGTTGTTTGAAATACCTATTTACCCCCTCCGARTBGATCCTCGGA
CACCTTGTTAAAAAAAATTACTTCCTTGGAGACAAATACTATTTTGIHGAMAAATCAT

TTAGAAACATTTGACATGAACGACATGATTCCAGAGACAATAAAAAAGATAAACGATG
GATAAGAAGATGATGTCTTGATAAATCATTACTTGTCGAGTTGTCBAGTAGTCTGTAA

AATACAGTCTCTAACAAATTTGGTACAATCTGAGATCCATCTTGAAGEUXNTAATCCTAC
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AAGTTTAGTTTCGCAAAAGAATAACAATATGAACCATGTGACTTTAGIACAAAACCA
CAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAAGGGTCABSPARAMGIGTCTA
TCTTCACAAAGTTGCACATACATGTACAGTACAGGAAGCGACATGINACIKTACATGGT
TCTAGATACTGGACGAAAAAGCAGTGGCTAGAAAGATGACGATATGRRNGATTTATCA
TATACTACTACCTAGAAAAATACAATATCTAATTTCCTCTTGATCCBRATRAACCTGCAC
AACACTACAAGTTCAGTTTCACAAAAGCGTAAGTCTAAAGCTTTGGAACAACTTATGG
TTTATTTTGAGAAAAGGTCAGATTCAGTACACGGAACATCACATATBRACAACCACCAG
TTTTGTGTGCTTTCAAAGTAACTTTGATTGGTATCCAGCTATACAMNIIXGCACACAGA
AATCGTGCCACCTCAATTATAAATAAAGGTGTGGCCTCATCTCATETBTTCCACCTGCA
CCAAAACACACTGACAACATG 3

3.2.1.1 PCR analysis and specific oligonucleotidesign

The next table (Tab 3.1) shows all the oligonuatksst (forward and reverse) that were
used for cloning (with specific enzyme restrictgites) the specific constructs. For all

the analysis about manipulation of DNA see from Bdt.3.4 to 3.1.3.10.

Specific primers were designed for using the furcprimer design of the DNAMAN
software (Lynnon Biosoft, Quebec, Canada) (Tab). 3.1

Primer Name Oligonucleotide Forward Sequences 5'-3' Utilization
PinA AGGTCAGATTCAGTACACGGAACATC Promoter
Xmal.Alpha-TIP | ATACCCGGGATGGCCGCAACATCAGCTCGTAGAGCAT PSPORGTip
Bamhl.NOS ATAGGATCCGCTACCGAGCTCGAATTTC Terminator
Xmal.cherry ATACCCGGGATGGTGAGCAAGG PSPORT-Sedl
Bamhimut.F* AGCTGTACAAGGGAGGTGGTTCC SOE PCR
Bamhl.sec61-mut*| GGGAGGTGGTTCCATGGTGG SOE PCR
Xmal.Bamhl.mut* | CGGTCCAGGGGGTTCCATG SOE PCR
Xmal.Alpha-mann | ATACCCGGGATGGCGAGAGGGAGCAGAT PSPORTa-Mannl
Alpha-mann ATGGCGAGAGGGAGCAGATCAG PSPORTa-Mannl

Primer Name Oligonucleotide Reverse Sequences 5'-3' Utilization

Bamhl.HA.YFP TCAAGCGTAATCTGGAACATCGTATGGGTACATGATCACCTTGTACAGC PSPORTe-Tip

Ecorl.NOS CCGGAATTCCCGATCTAGTAAC Terminator
Bamhl.sec61.HA | ATAGGATCCTCAAGCGTAA TCTGGAACAT CGTATGGGTA CAT PSPORT-Sedi
Xmal.Bamhl.mut* | CATGGAACCCCCTGGACCG SOE PCR
Bamhl.sec61-mut* | CCACCATGGAACCACCTCCC SOE PCR
SEC61 GGCGGAGGTGCGGTAAAG PSPORT-Sedi
GFP2 CTTGTACAGCTCGTCCATGCCGT PSPORTa-Mannl
Bamhl.HA.GFP2 | CGCGGATCCTCAAGCGTAA TCTGGAACAT CGTATGGGTA CAT PSPORTa-Mannl

Table 3.1:Oligonucleotides used for the cloning of PSPORThalTip, PSPORT-Alpha-
Mannosidase | and PSPORT-Sgcl
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3.2.1.2 PCR-splicing by overlap extension (SOE PCR)

The cloning of Cherry-Sec@linto the vector pSPORT required the use of SOE-RCR
remove the enzyme restriction sites (Xmal and Barobhtained into the middle of
gene coding regions, because these sites wereongiatible with the cloning in the

vector.

SOE-PCR involves three separate PCRs: the two Did@nients produced in the first
stage reactions are mixed to form the templatéhf®rsecond stage (Warrenal,1997).
Four primers are required for each construct: tlamking primers, and two hybrid
primers, one of each for each of the two first stagpactions. The hybrid
oligonucleotides are designed on the basis of thewk nucleotide sequences to
generate fragments that will have overlapping segeieOne of the first PCRs produces
a DNA fragment with the sequence 5’ to splice poamd the other a DNA fragment
with the sequence 3’ to the splice point (Fig. 3.Bowever, since the hybrid
oligonucleotide spans the splice point, each offitts¢ stage products is tipped with a
short sequence derived from the other. For thisaeawhen the two products are
mixed, they can partially anneal, and, using thegimal flanking primers, participate in

the second-stage PCR to produce the final product.

PCR reactions were performed in a reaction volum&5oul with 10 ng of plasmid
DNA (pSPORT), 2,5 units of FastStart High FideRZR system (Roche Diagnostics,
Monza, Italy), 1x Taq PCR buffer, Oy of each of the two primers, and 100 each
deoxyribonucleotide. Amplification conditions werg:cycle at 94°C for 2 min; 30
cycles at 95°C for 30 sec, 60°C for 30 sec and #f@G0 sec; and a final step at 72°C
for 5 min. The two DNA fragments produced, corrasfing to the genes of both
Cherry and Sec61p, were recovered, purified and then used as tesglata final PCR
reaction with the original flanking primers. Sint¢ke two DNA fragments have
overlapping sequence, they can partially annedhis last PCR step and produce the
final product in which the two genes are spiceatbgr. For SOE-PCR we followed the
same condition described above. SOE-PCR producisveeed were digested with
Xmal and Bamhl and inserted into the pSPORT vedtor.the ligation reaction, T4-
DNA Ligase (Promega) was used, according to theufaaturer’s instructions and

then, 1@l of the ligation mix were used to transform BL2Dbr@petent cells. The
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correct coding sequence of Cherry-Sgc@hd the insertion sites were confirmed by

nucleic acid sequencing.

Primers indicated in the Table 2.1 with an aste(f3kwere used for PCR-splicing by
overlap extension for cloning ER specific markemstouct.

Fig 3.3: Schematic representation of SOE-PCR (taken fronré&keet al, 1997).

3.2.2 Production of transgenic wheat plants

The bread wheat cv. Cadenza was transformed witkteats containing markers for
specific cellular compartments at Rothamsted Reke&atarpenden, UK.

T, plants were screened by PCR analysis by usingepsingpecific for the PinA
promoter and NOS terminator regions (Tab. 3.%)plants were obtained by embryo

rescue (Tosi et al., 2004) and developing seedgsathby confocal microscopy.

3.2.3 Confocal microscopy analysis

| performed this analysis at Rothamsted Researanp@hden, UK), in collaboration
with Dr. Paola Tosi

Developing wheat kernels collected at 16 dpa (gegs anthesis) were sectioned with a
Vibratome (Leica) and 150 pm thick sections co#dcton polylysine coated
microscopy slides. Sections were analysed for ¢ramis fluorescent proteins (FP)

signal on a Zeiss LSM 780 confocal microscope.
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Some of the main features of this microscope irelagtical sectioning and the ability
to acquire Z stacks to form a 3-dimensional imaj@s means that it is possible to
image a thin optical slice (less than 500 nm) dw thick specimen. A large number of
optical slices can then be acquired in the Z-ari$ @sed to create a 3D data set of the
sample. The LSM 780 also makes it possible to ayetansmission electron images
with confocal fluorescence images of the same sreaspecimen. Another feature of
this microscope is that it has multiphoton captéesdi which enables greater penetration

depth and reduces photodamage and photobleaching.

3.2.4 Immunofluorescence microscopy

Slides with grain sections fixed by High pressureeZing and embedded in LR White
were pre-incubated (50 ul drop/well) in 3% (w/v)vbe serum albumin (BSA)
(Fraction V, A 2153, Sigma) in PBS at pH 7.4 for 18, then incubated for 2 h in
primary antibody. The primary antibody rabbit pdtywal anti-HA (Sigma H6908) was
used at 1:200 dilution in PBS containing 1% BSAS0®0Tween20. Slides were rinsed
three times for 5 min with PBS Tween, then incubater 2 h, in the dark, with
secondary antibody (anti-rabbit Alexa 488 conjudatmvitrogen) diluted 1:200 in
PBS, 1% BSA, 0.5% Tween. Slides were then rinsecktwith PBS Tween, two times
with PBS and three times with water. Samples weralysed on a Zeiss confocal

microscope LSM 780 fluorescence microscope.

Samples were analysed on a Zeiss confocal micresddpM 780 fluorescence

microscope.
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4. RESULTS AND DISCUSSIONS

4.1 MATURATION PROCESSING OF LMW-GS

In order to shed light on LMW-GS maturation progesge have taken into
consideration two protein genes mutated in suclayate have either an Asn or a Thr in
the coding sequence, as explained in par. 3.1:eaupted LMW-m (LMW-B1133),
showing a Thr at the beginning of the mature secgien the wild type version, and
thus having a Asn at the same position in the radtaersion (Fig. 3.1), and a LMW-s
(LMW-42K) type, instead showing a Asn in place loé tThr in the wild type version,
and thus having a Thr at the same position in th&ated version (Fig. 3.1).

We have inserted the mutated versions of thesegemes in the durum wheat cultivar
Svevo by particle bombardment, by using the wilgetyersion of the LMW-B1133 as
control. The wild-type version of the LMW-42K hastrbeen used to transform plants,

because its actual N-terminal sequence was alieaalyn (Masci et al, 1998).

4.1.1 Preparation of constructs for genetic transfanation

Although this part would be placed more approplyatethe methods section, | decided
to report it in the results section, in order tsaée the details of the realization of

constructs, since it was a significative part of BinD work.

4.1.1.1 Cloning of the HLMW42KN23T gene

The mutated version of the LMW-42K gene will be mahtHLMW42KN23T from now

on.

The gene sequence encoding for HLMW42KN23T wasatsdl from PVX201 vector
(Ferrante, 2006), and cloned into the pLRPT vecide used SalHLMWF and
XbaHisFlagR primers (see par. 3.1.3.1) to amplife tregion corresponding to
HLMW42N23T gene, that was recovered from 1, 2% aegmrgel. The purified PCR
product, was digested with Sall and Xbal enzymes lyated into the vector pLRPT

(Fig 4.3). An aliquot of the ligation reaction wased to transfornkE. coli Sure2
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Supercompetent cells, with a low efficiency of semmation. Although we have not
explored this aspect further, this could be dua twon-canonical conformation of the
DNA sequences encoding the LMW-GS for the presersiceéhe particularly long
repeated domain (Ferrante, 2006).

Although we expected the excision of one inserti aamely the presence of a single
PCR band, we found a deleted band instead of 42i¢ ¢accession numb#117845)
The presence of the latter band might be due tetidak that may have occurred in the
repetitive region (Masci et al. 1998)he use of the bacterial strain SURE 2, that lacks
some components of the metabolic pathways thalyeataearrangements and deletions
of not canonical secondary and tertiary structuvégolypeptides, along with the
growth of bacteria at 30° C, instead of 37 ° Cn#igantly reduced this phenomenon,
even if most of the clones analyzed contained weletand minor substitutions, that did

not affect the N-terminal region (Fig. 4.2a, b).

42KA ATGAAGACCTTCCTCATCTTTGCCCTCCTCGCCGTTGCGGAGREBAATTGCACAA

LTSRN [T
42KB ATGAAGACCTTCCTCATCTTTGCCCTCCTCGCCGTTGCGGAGREBAATTGCACAA

42KA ATGGAGACTAGCCACATCCCTAGCTTGGAGAAACCATTGCAAMIBABATTACCACTA

TR NI TR (LI,
42KB ATGGAGACTAGCCACATCCCTGGTTTGGAGAGACCATCGE@HRACAATTACCACCA

42KA CAACAAATATTATGGTACCA...ACAACAACAACCCATCCAACMACCACAACCATTT

LRI T T ALY (LT 10
42KB CAACAAACATTAACGCACCACCAACAACAACAACCCATCCEABERACACCAATTT

42KA CCACAACAGCCACCAGGTTCACAGCAACAACAAC...CACCATICAACAACAACA.

LT RS T [T
42KB CCACAACAGCAACCATGTTCACAGCAACAACAACAACCACTBGTAACAACAACAA

42KA CCACCATTTTCACA...ACAACAACCACCATTTTCGCAGCAACAACCCGTTCTACCG

LT T TR [T I
42KB CCACCATTTTCGCAGCAACAACAACCACCATTTTCACAGCAABRLAGTTCTACCG

42KA CAACAACCACCATTTTCGCAGCAACAACAACAA. ......cceet e,

(LT TR
42KB CAACAACCATCATTTTCGCAGCAACAACTACCACCATTTTCGXIAACAACCACCA

42KA TTTCCGCAGCAACAACAACCACTTTTACCGCAACAACCACCEGIOAGCAACAACCA

R ) [ |
42KB TTTTCACAGCAACAACAACCAGTTCTACCGCAACAACCATARGTGAGCAACAACTA

42KA CCATTTTCTCAGCAGCAGCAACAACCACCATTTTCGCAGCEABEA.........

[IF 11 e
42KB CCACCATTTTCGCAGCAACAACAACCACCATTTTCGCAGCEABARAGTACTACCG

42KB CAACAACCACCATTTTCGCAGCAACAACTACCACCATTTTCHMOMTIACCACCATTT
A2KA AACCACTTTTACCG CAACAACCACCATTT

(L1111 L {LEFEFTEFILT
42KB TCGCAGCAACAACAACCAGTACTACCGCAGCAACCACCATIAACBACCACCATTT
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42KA TCACAACACCAACAACCAGTTCTACCGCAACAACAAATACGATCAGCCATCTATC

|I |I|I| ||||| (LTI DI (LRI
AACAACAACAGCCAGTTCTACTGCAACAACAAATACGATCRTCCATCTATC

42KA TTGCAGCAGCTAAACCCATGCAAGGTATTCCTCCAGCAGOXMBTGCTGTGGCAATG

TR [T
42KB TTGCAGCAACTAAACCCATGCAAGGTATTCCTCCAGCAGCABTGCTGTGGCTATG

42KA CCACAAAGTCTTGCTAGGTCGCAAATGTTGTGGCAAAGTAGATGTGATGCAGCAA

FFVERIDACPPRRTEROCETED OO0 AC [T
42KB CCACAAAGTCTTGCTAGGTCGCAAATGTTGCAGCAGAGCAATIGGATGCAACAA

42KA CAATGTTGCCGGCAGCTGCCGCAGATCCCCGAACAATCAGATGABATCCGTGCC

LT R (LI
42KB CAATGTTGCCAGCAGTTGCCGCAAATCCCCCAGCAATCCAREBTAATCCGTGCT

42KA ATCATCTACTCGATCGTCCTACAAGAACAACAACATGGTCAGGBACCAACCTCAG

LRI R R IR
42KB ATCGTCTACTCCATCATCCTGCAAGAACAACAACAGGTTCAGGSTCCAAACTCAG

42KA CAGCAACAACCCCAACAGTCGGTCCAAGGTGTCTCACAACIZGCAHACAGAAGCAG

(TR T IR0 LA AT T 111
42KB CAGCAGCAACCCCAACAGTTGGGCCAATGCGTTTCCCAACRABCASTC.......

42KA CTCGAACAGTGTTCTTTCCAACAACCTCAACAACAACAACTIZAGGGCCTCAACAA

HITWITTNL [
42KB ..o ACAACAGCAACTCGGG CAACAACCTCAACAA

42KA CAACAGGTACCCCAGGGTACCTTGTTGCAGCCACACCAALTRGETTGAGGTGATG

(E LTI AR IR
42KB CAACAATTGGCACAGGGTACCTTTTTGCAGCCACACCAAATAGCTTGAGGTGATG

42KA ACTTCCATTGCACTTCGTACCCTGCCAACGATGTGCAGTGETBACGGTGTACGGC

(LT T T Il
42KB ACTTCCATTGCGCTCCGTACCCTGCCAACAATGTGCAATGETRACGTTGTATAGA

42KA ACCATCACTATTGTGCCATTCGGCGTTGGCAC.GGAATTGGRGACGA

(T 100 (TR T | (1111
42KB ACCACCCCTAGGGTGCCATTCGGCGTTGGCACCGGAGTTHEIGEL

Fig. 4.2a: Alignment of the sequence of the pLRPTHLMW42KN2ZRKA) with those
obtained from amplification of the clone PVX-LMW-HKZ42KB, Ferrante, 2006).

42kA  MKTFLIFALLAVAATSAIAQMETSHIPGLERPSQQQPLPPQQITHHQQQQPIQQQPHQF 60
42kB  MKTFLIFALLAVAATSAIAQMETSHIPSLEKPLQQQPLPLQQIL-WYQQQQPIQQQPQPF 59

** * * ********** *

42kA  PQQQPCSQQQQQPPLSQQQQPPFSQQQQPPFSQQQQPVEPRQEBQLPPFSQQQQPP 120
42kB  PQQPPGSQQQQ-PPLSQQQQPPFSQQQ-PPFSQQQQPVLPRQRPFSQQQQQ- 108

K*kk Kk kkkkk K*kkkk *kkkkkk

42kA  FSQQQQPVLPQQPSFSQQQLPPFSQQQQPPFSQQQQPVLPEEIFQQLPPFSQQLPPF 180
42kB FPQQQQPLLPQQPPFSQQ--------- QPPFSQQQQ---QP  PFSQQ---------- 142

* kkkkkokkkkk kkkk *kkkkkkk * *kkkkkk

42kA  SQQQQPVLPQQPPFSQQPPFSQQQQPVLLQQQIPFVHPSILFECKVFLQQQCSPVAM 240
42kB  --QQQPLLPQQP------PFSQHQQPVLPQQQIPSVQPSILQQ LNPCKVFLQQQCSPVAM 194

Kkkkkokkkkk  hkkkokkkkk khkkkk kokkkkkk K*kkkkkkkkkkkkkkkk

42kA  PQSLARSQMLQQSSCHVMQQQCCQQLPQIPQQSRYEAIRANMQEQQQVQGSIQTQ 300
42kB  PQSLARSQMLWQSSCHVMQQQCCRQLPQIPEQSRYDAIRAIVLQEQQHGQGLNQPQ 254

* **'k* ****'k *** ***** *k % *

42kA  QQQPQQLGQCVSQPQQQS----------- QQOLGQQPQQQQL AQGTFLQPHQIAQLEVM 348
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42kB  QQQPQQSVQGVSQPQQQQKQLEQCSFQQPQQQQLGQWPQGRRQWVPHQIAQLEVM 314

K*kkkke Kkkkkkkkkkkkkkkk

42kA  TSIALRTLPTMCNVNVSLYRTTPRVPFGVGTGVGAY 398
42kB  TSIALRTLPTMCSVNVPVYGTITIVPFGVGTELVTT 350

kkkkkkkkkkkk kkk +k *k  kkkkkkk . .

Fig. 4.2b: Alignment of the proteins sequence on the LMW-4PK'XLMW42K, 42KA) with
those obtained from amplification of the clone pORRMW42KN23T (42KB).

pLRPT vestor

(5300tp)
4

i 4K gene

Fig. 4.3: Electrophoretic analysis on 1.2% agarose gelafebf the digestion of
pLRPTHLMWA42KN23T using Sall and Xbal restrictionzgmes. M, marker Gene Ruler 1KB.
Lane 1, the arrow on the top indicates the pLRRXoreand the lower arrow indicates the

HLMW42KN23T gene.

4.1.1.2 Cloning of the HB1133WT and HB1133T23N gese

The mutated version of the B1133 gene mutated weilhamed HB113T23N and the
B1133 wild-type will be named HB1133WT from now on.

In order to subclone the HB1133WT and HB1133T23Negein the expression vector
pLRPT, the two genes were amplified from pPVX201HB1133Wand
pPVX201HB1133T23N with the pairs of oligonucleosdpreviously described (par.
3.1.3.2). The PCR inserts were ligated into thetore@LRPT and analysis of
transformed clones allowed to identify several mebmant plasmids. Two of the
positive clones, as tested by PCR, one for each, twere chosen for further analysis

and sequencing, and eventually used for biolistindformation of wheat plants.

In Fig 4.3, the restriction analysis performed wiitle endonuclease Sall and Xbal on
clones pLRPTHB1133WT and pLRPTHB1133T23N is shown.
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M1z

pLRPT vector
Z/ (5300bp)

3000

B1133 genes
1031
800

Fig. 4.3: Electrophoretic analysis on 1.2% agarose gelarfed on pLRPTHB1133WT (lane 1)
and pLRPTHB1133T23N (lane 2) using Sall and Xbatrretion enzymes. M, marker Gene
Ruler 100bp. Lane 1, the arrow on the top inditiaepLRPT vector and the other arrow the

HB1133WT and lane 2, the arrow on the top inditléepLRPT vector and the other arrow the

HB1133T23N genes.

4.1.1.3 Complete maps of LMW-GS constructs

The complete coding region of the three LMW-GS ge(teyo mutated and one wild
type) were inserted into the pLRPT vector (Tosalkt 2004) under the control of the
DX5 promoter, that is a strong endosperm-specifionoter. To facilitate the
identification of the transgenic product, the Hieda=LAG-tags were fused to the C-
terminus of the sequence. The resulting constroictsMW-GS (Fig.4.1a, b), and the
pUBI::BAR construct (Fig 4.1 c), carrying thmr gene that confers resistance to the
bialaphos herbicide, were co-transformed into inureatwheat embryosT(iticum
durum cv. Svevo) by particle bombardment following thegedure reported by Weeks
et al, 1993 with some modifications as described by Jerad, 2008.

DX5PROM

pLRPT+DX5ST+HLMW42KN23T

“HLMW42KN23T

HiStag

o,
] 23

D {2448
385 T T

b Eson (2150
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Fig. 4.1b: Plasmid used for biolistic transformation of whedtRPT, containing th®x5
promoter and 42K gene.

Hram 1

DX5PROM

Sal (1250}

pLRPT+DX5T+HB1133T23N

pLRPT+DX5T+HB1133

6250 bp
“HB1133T23N

e 3l (2207

/ {3055

“FLAG tag
Feii DX5T
B -5 £ e
LECON (3150

Fig.4.1a Plasmids used for biolistic transformation of wh@LRPT, containing th®x5
promoter and B1133 mutated (on the left) and wjlaet(on the right) genes.

HindIII (1)

Xho I (709)

BelII (942)

Ubi Prom/Int

UBIL::BAR EcoRI(1392)

EcoRI (2825)

Fig. 4.1c pUBI::BAR containing the Ubil promoter and the gane, used for the biolistic
bombardment.

4.1.2 Screening of transgenic plants by PCR analgsi

We have obtained different transgenic lines forheatthe three constructs (pLRPT-
HLMWA42KN23T, pLRPT-HB1133T23N and pLRPT-HB1133WTJab 4.1). PCR
analysis have been used to scregmvfieat lines, with primers specific for HMW-GS

DX5 promoter region and for Dx5 terminator (formpers, see par. 3.1.3), as shown in
Fig. 4.4 a, b, c.
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Cv Bombardment Construct Shoots regenerated Positive To plants

Svevo MJ 19 HLMW42KN23T 65 32
Svevo MJ 36-40 HB1133T23N 82 27
Svevo MJ 43-49 HB1133WT 27 11

Table 4.1:Bombardment experiments with LMW-GS constructsn$ggenic lines obtained and
analyzed by PCR.

1500

1000
1000,
500

Fig.4.4a:Screening by PCR of plants transformed with LMW1gated (HLMW42KN23T).
Primers used are Dx5F and DX5R, specific for th& promoter (on the right) and
SalHLMWF and DX5TermR (on the left). Results do ootrespond because they are
relative to different transgenic lines.

e - -

1000
500

Fig.4.4b: Screening by PCR of plants transformed with LMW+gated (HB1133T23N).
Primers used are Dx5F and DX5R, specific for th& psomoter (on the right) and
SalHB113F and DX5TermR (on the left). Results doaworespond because they are
relative to different transgenic lines.

1000 1500
500 1000

Fig.4.4c:Screening by PCR of plants transformed with LMW1gaied (HB1133WT). Primers
used are Dx5F and DX5R, specific for the Dx5 pram@on the right) and SalHB113F
and DX5TermR (on the left). Results do not corresploecause they are relative to
different transgenic lines.
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4.1.3 Proteomic analysis

4.1.3.1 2D electrophoretic analysis (IEF vs SDS-PAS of LMW-GS and relative
immunoblottings

Ti plants that resulted positive to the presencehefttansgenes were grown up to
maturation, and J seeds were used for proteomic analysis, in ordeddtect the

transgenic polypeptides in comparison to untramséal genotypes.

2D electrophoresis and relative Western Blottingig.(4.6a, b, c) were performed on
the glutenin proteins extracted from transformed antransformed lines. We used
different immobilized pH gradient (IPG) strips: 3.0 for transgenic plants containing
LMW-GS B1133, either wild type or mutated, and pHL® for the mutated 42K
protein), in order to get a better separation ong2D) since the pl of the mutated 42K
protein is ~9.2, whereas that of B1133 is ~7.2.

In case of the transgenic plants containing theatedt LMW-42K protein, Western
Blotting was not performed, since we found that FieAG-tag was lost during the
cloning of HLMW42KN23T gene, due to multiple reargements and deletions of this
gene (Masci et al., 1998).

We analyzed different 2D gels (technical replicais), order to individuate and
characterize the HLMW42KN23T corresponding polypépt(Fig. 4.6a). The protein
spot on the proteomic map was not separated dagity the other LMW-GS B-types
because these proteins are very abundant andedabseother in the 2D gel. But thanks
to the Progenesis SameSpot software was more stmpliscriminate our polypeptide,

as shown in the figure 4.6a.
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6 pH 11 Analysis with Progenesis
SameSpot software

nulli 42k mutats

Clal
MW 43310 =

Enrichment of B-type low moleculartweight fraction

Fig. 4.6a: The 2D electrophoretic analysis of 42K mutated/peptide and relative analysis
with Progenesis SameSpot. The red circle indightepolypeptide on 2D map. To isolate the
42K polypeptide a protocol for enrichment of LMW-BSype was used.

For HB1133T23N and HB1133WT proteins was easierstdate them on 2D map
because the polypeptides are overexpressed anevaent, respect the other LMW-
GSs (Fig.4.6b, c). The presence of the transgeawiips was also verified by western

blotting..
Western Blotting 3 An;ldyﬁ: t-bi:th‘:mgﬁrui.l
Fralli trargerie B1133

Fig. 4.6b: The 2D electrophoretic analysis of B1133 mutatelggeptide and relative analysis
with Progenesis SameSpot (on the right) and We&lkatting (on the left). The red circle
indicate the polypeptide on 2D map.
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Analysis with Progenesis
3 P H SameSpot software

Western Blotting Hulli transb1 1 33wt

N

* .

Fig. 4.6c: The 2D electrophoretic analysis of B1133 wild-tygmypeptide and relative analysis
with Progenesis SameSpot (on the right) and We&latting (on the left). The red circle
indicates the polypeptide on 2D map, pH 3-10.

4.1.3.3 The N-terminal sequencing

We first performed N-terminal sequencing in oradecheck if the mutations introduced
affected LMW-GS processing.

The figures below showed the N-terminal blottingnmbeane used to excised the spots
corresponding to the polypeptides (42K mutated, 3Blinutated and wild-type) and

their analysis (Fig. 4.7a, b, c). The 4-vinyl pymel (4VP) was used to alkylate the
polypeptides, to solve the ambiguity problem ofild & in N-terminal sequencing.

42K mutated

M°spot [N-Terminal sequence|
-. 3
b TN ok —> | 7748 METSHIP-

443 no enough material

Fig. 4.7a:N-terminal blotting membrane of 42K polypeptide eTdrrows indicate the spots
excised from the membrane to perform the N-ternméeguence analysis and the table on the
right indicate the sequence obtained.
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B1133 mutated

N®spot N-Terminal sequence
LZ/]/ 220B SCIPGLERP-
Ol i 2248 SCIPGLERP-
2246 SCIPGLERPW-
219A SCIPGLERP-

Fig. 4.7b:N-terminal blotting membrane of B1133 mutated pelytide. The arrows indicate
the spots excised from the membrane to carry @Ntlerminal sequence analysis and the table
shows the sequence.

B1133 wildtype

N°spot | N-Terminal sequence
- — 88B | METSCIFGLERPWOQ-

187 METSCIFGLERPWQO-

-
- -

Fig. 4.7c:N-terminal blotting membrane of B1133 wild-type yoéptide. The arrows indicate
the spots excised from the membrane and the thid&ates the N-terminal sequence.

The analysis of the N-terminal sequencing carriedam the LMW-GS has confirmed

our hypothesis that one of the substantial diffeesnbetween the LMW-GS -s and m-
type, is the presence of the first three amino aesidues MET in the mature

polypeptide sequence. It has been hypothesizedHisatlifference is due to a different
processing N-terminal of LMW-m and LMW:-s type (Mast al., 1998). In particular,

the presence of an Asn in position 23 in the LMWksuld lead to the cutting sequence
performed by an asparagynil endo-peptidase andtthére production of sequences as
a LMW-s type (DuPont et al., 2004). Conversely, ghesence of a threonine at position
23 in the sequences of m-type, would lead to tba&onical processing, characterized
only by the cleavage of signal peptide (for detalt®ut the classification and the N-

terminal sequences, see Introduction Tab. 1.2).

4.1.3.4 Mass spectrometry analysis

Mass Spectrometry analysis of B1133 mutated prospiots allowed to identify a
polypeptide showing the expected N-terminal segegetitat is SCISGLE- (Fig. 4.8),
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thus confirming the hypothesis that the presen@ndisn in position 23 likely causes a
proteolytic cleavage by an Asparagynil endo-pegtdaimilarly to what occurs in the
LMW-s type. We identified different polypeptides efectrophoretic gel, likely due to
protein deamidation because of the high amountlofrE€sidues (Righetti, 2006). The
polypeptide sequence showed a 63% of coverage4{Ry. The analysis of the LMW-s
(42k mutated) (Fig. 4.9) verifies our theory thaithwT instead of N, the mature
polypeptide is METSHIP- as LMW-m type. The last tgins, B1133 wild-type is the
positive control for our thesis (Fig. 4.10). The ddaspectrometry analysis of this
protein permitted to identy the METSCIF sequencéNiterminal domain, validating

our work.

.
e

HB1133T23N_After (100%), 33.628,8 Da
ASN cleavage
22 unique peptides, 22 unique spectra, 32 total spectra, 187/295 amino acids (63% coverage)

S ISGLERPW QQQPLPPQQS FSQQPPFSQQ QQQPLPQQPS FSQQQPPFSQ
QQPILSQQPP FSQQQQPVLP QQSPFSQQQQ LVLPPQQQQQ QLVQQQIPIV
QPSVLQQLNP EBKVFLQQQES PVAMPQRLAR SQMWQQSSCH VvVMQQQcCccaQQlL
QQIPEQSRYE AIRAIIYSII| LQEQQQGFVQ PQQQQPQQSG QGVSaQasaaQas
QQQLGQCSFQ QPAQQQLGQQAP QQAQQQQQAVLIE GTFLQPHQIA HLEAVTSIAL
RTLPTMESVN VPLYSATTSY PFGVGTGVGA YHHHHHHDYK DDDDK

Fig. 4.8 Mass spectrometry analysis of B1133 mutated ggiide. The spot 224 was cut off
from the 2D gel and sequenced. Matched and modifieitio acids are highlighted in yellow
and green, respectively.
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spot774

20 unique peptides, 22 unique spectra, 26 total spectra, 165/299 amino acids (55% coverage)
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Fig. 4.9 Mass spectrometry analysis of 42K mutated poltidepThe spot 774 was cut off
from the 2D gel and sequencing. Matched and matldimino acids are highlighted in yellow

and green, respectively.
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Fig. 4.8 Mass spectrometry analysis of B1133 wild-typeypeptide. The spot 204 was cut off

from the 2D gel and sequencing. Matched and mabémino acids are highlighted in yellow

and green, respectively.

4.2 TRAFFIKING OF GLUTEN PROTEINS

The determination of the precise route of trafingkiof individual glutenin subunits is

still a matter of debate. It has been suggestetdtiieasame protein could be trafficked
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by different pathways, depending on the stage gEld@mentand that segregation of
gluten proteins both between and witpmotein bodies may occur. The existence of two
different protein body types has been hypothesiteddenser protein bodies formed by
the aggregation of storage proteins within Bk and the lighter bodies resulting from
aggregatiomt a post-ER location. No clear results were obkthifor thedeMW subunits.

In fact the determination of the locations andfici&ing of individual gluten proteins in
developing wheat grain has been limited in the pgsthe complexity of the protein
mixture with a high degree of sequence similarggeen some components (such as
LMW-GS and gliadins), making it difficult to devgdlanonospecific antibodies (Tosi et
al., 2009).

In order to gain more precise information at thegard, the first approach was to
transform wheat plants with LMW-GS genes containspgcific tags, such as c-myc
(Tosi et al, 2009). This approach gave indicatiérthe route followed by LMW-GS,

but, because only the polypeptides were marked remidmembranes of the cellular

compartments, the interpretation of microscopy iesagas rather complicated.

For this reason, we produced transgenic wheat plemansformed with constructs
containing specific markers for cellular comparttsefior Vacuole, Golgi and ER) in
which YFP, GFP or Cherry and HA-tag, have been ddufeorder to localize, through
immunofluorescence tests, these specific compatsnés a second step, crosses or
co-transformation will be performed between theséet and transgenic wheat plants
previously transformed with LMW-GS containing diéat tags, in order to get

unequivocal information about the modality of depos of glutenin subunits.

4.2.1 Preparation of constructs for plant transformation

In this case also, | decided to report details aloonstructs preparation in the results

section, since it was an important part of my thesi
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4.2.1.1 Cloning of specific marker for cellular corpartments

4.2.1.1.1 Preparation of the pSPORT-Alpha-TIP constict as a marker of the
vacuolar compartment

The Arabidopsis Alpha-TIP (Tonoplast Intrisec Pinofggene was chosen first, because
the TIP family is well characterized in differentapt species and tissues, and the
encoded polypeptides can be used as vacuole maBerend because in Arabidopsis
seedsp-TIP was very clearly localized to the rim of th8\P (Plant Storage Vacuols)

by immunofluorescence and immuno-electron microggbfunter et al., 2007).

Initially, we used a construct (kindly provided pxof. L. Frigerio, Warwick, UK) that
contained the Arabidopsis Alpha-TIP gene (Atlg73IBRIR databankand the YFP
Hunter et al., 2007). The two genes were isolajedding the primers Xma.Alpha-TIPF
and Bamhl.HA.YFPR (see Materials and Methods, Bab), and cloned into pSPORT
vector, already containing the PinA promoter and WOS terminator (Wiley et al,
2007).

The HA-tag was added at the C-terminus of the MR&. is functional to identify the

marker gene by immunolocalizatioe. coli XL1-Blue Supercompetent cells was
chosen for the transformation; screening was dgne@R analysis (Fig. 4.11) and the
complete construct containing the vacuolar marleeg(7120 bp) has been used for

biolistic transformation (Fig. 4.12).

3000
1500
750

Fig. 4.11 PCR colony to screen positive colonies contaim8§ORT-Alpha-TIP construct,
using primers Xma.Alpha-TIPF and Bamhl.HA.YFPR.
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pSport vector
(5550 bp)

Alpha-TIP+YFP
(1570 bp)

Fig. 4.12:Electrophoretic analysis on 1% agarose gel ofedaxcised from pSPORT-Alpha-

TIP (lane 1, 2) using Xmal and Bamhl restrictiozyanes. M, marker GeneRuler™ 1 kb DNA

Ladder. Lane 1,the arrow on the top indicates 8lr@RT vector and the other arrow indicates
the Alpha-TIP plus YFP genes.

4.2.1.1.2. Preparation of the pPSPORT-SecfXonstruct as a marker of the ER
compartment

We chose Sec@lbecause is a rER membrane marker. The Sig6domplex is in fact
the essential core of the protein translocationmmecy in the ER membrane and is
tightly associated with membrane-bound ribosomeda (Onda et al., 2009). For this
construct, we took the ER marker gene from therlinactor BV1, accession number
C20385 (see Supporting information, Onda et aD920

Since the restriction sites Xmal and Bamhl preserihe binary vector BV1 between
the Cherry marker and the Sefi6gene were not in an appropriate position for our
cloning vector (pSPORT), it was necessary to renthese sites by SOE-PCR (see
Materials and Methods, par. 3.2.1.2), and placetimeflanking positions to the Cherry
marker and the SecBlyene. The steps performed are described in tlad dethe next

paragraph.

4.2.1.1.2.1 SOE-PCR of Cherry-Sec@lgenes

We have used the technique of Splicing by Overlaelsion by the Polymerase Chain
Reaction (SOE by PCR).

The different steps performed are illustrated belBig. 4.13).
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primersF MUT*

7 primersRMUT*
CherryF Sec61R
1tstep Cherry -Xm%ﬁo\/qul-
CherryF \ Sec61R
ﬁ\ <
2ndstep Cherry I Sec61p \
 —
XmaCherryF Bamhl.Sec61.HaR

3rdstep —Xmal—[ Cherry ]_[ Sec61p ]—BamHI—

Fig. 4.13 SOE-PCR schematic representation.

1% step:

To remove the Xmal and Bamhl sites in between ef ¢assette containing Cherry-
Sec6PB, mutated primers were used (see Materials and ddsthTab. 3.1). Two

fragments were obtained (Fig. 4.14a).

2" step:

The second step involved a PCR strategy performigtd pvimers CherryF (forward
primer) and Sec61 (reverse primer) that alloweligite the two fragments to obtain a
single PCR product (Cherry-Se¢giFig 4.14b).

Fragment 2

Fragment 1

Fig.4.14a:Electrophoretic analysis on 1.2% agarose gelefitkst step of SOE-PCR. Two
fragments were obtained. M, marker Gene Ruler 1}dbel, 2 correspond to the Cherry gene
(fragment 1) and lane 3, 4 correspond to the Sgéhe (fragment 2).
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Cherry-Sec61p

Fig.4.14b: Electrophoretic analysis on 1.2% agarose gel ofrse step of SOE-PCR. M,
marker Gene Ruler 1Kb. Lanel and 2 are the ligétestry-Sec6f genes.

3 step:

In the last step of SOE-PCR, we useédnal.cherryF (forward primer) and
Bamhl.sec61.HAR (reverse primer) to insert theriesgin sites in flanking positions of
the Cherry-Sec@l gene construct (Fig. 4.14c) that allowed cloningp ithe pSPORT

vector.

Xmal-Cherry.Sec61B-Bamhl

Fig.4.14c:Electrophoretic analysis on 1,2% agarose gelethird step of SOE-PCR. M,
marker Gene Ruler 1Kb. Lanel and 2 indicate the genstruct.

4.2.1.1.2.2.. Cloning of Cherry-Sec@lin pSPORT vector

Before inserting the Cherry-Sedbdene construct into pPSPORT, the HA-tag was added
at the C-terminus, in order to facilitate recogmtiof the polypeptide products. The
transformation was performed by usikg coli cells and the screening of positive

colonies was performed by PCR colony (Fig. 4.15).
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Fig. 4.15 PCR colony to screen positive colonies contaimS8§ORT-Sec@lconstruct.

4.2.1.1.3. Preparation of the pSPORT-Alpha-Mannosiase | construct as a marker
of the Golgi compartment

Golgi localization was based on the cytoplasmit aad the transmembrane domain
(first 49 aa) of GmManl, a soybeanl,2-mannosidase | (Saint-Jore-Dupas et al.,
2006). The first Golgi enzymes to be involved ingjcan maturation are the
glycosidases, more precisedymannosidase | and Il and the soybean GmMan las th
only Golgi glycosidase cloned so far in plants.

We used the construet-1,2-mannosidase I-GFP (G-gk CD3-963) from the tyina
plasmids available through the Arabidopsis stockears (http:/Avww.arabidopsis.ong,

This construct was then amplified and inserted un \eector (pSPORT), according to
the procedure reported in Par. 3.2.1.1 (Fig. 44187), in order to use this construct for

the production of wheat transgenic plants.

Fig. 4.16 PCR colony to screen positive colonies contaitirigpSPORT-Alpha-Mannosidase |
construct. Primers used are specifics for GFP gegien.
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pSport
- (5550bp)
- K/Alpha-Mannnsidasel

1500}
1000

500

Fig. 4.17:Electrophoretic analysis on 1% agarose gel ofedaxcided from pSPORT-Alpha-
Mannosidase | (lane 1). M, marker GeneRuler 100bpe 1, the arrow on the top indicates the
pSPORT vector and the other arrow indicates thé&liannosidase | and GFP genes.

4.2.1.1.4 Maps of specific markers constructs

For each of the specific marker constructs desdrdd®ve, we report the specific map
and sequence. Thiearget genefor each cellular compartment is bold, the YFP

(yellow fluorescent protein) gene is highlightedyellow, the GEP (green fluorescent
protein) gene iSin gréen and {igl@lerry genegislightediflll@d, the NOS sequence is
light blue, the JllA tag iSHIMPINK. Figures 4.8, 4ahd 4.10 give a schematic

representation of constructs.

4.2.1.1.4.1 Vacuolar marker ¢-TIP) plasmid sequence

PINA-Xmal-

ATGGCCGCAACAT CAGCTCGTAGAGCATACGGT TTCGGTAGAGCCGATGAGGCTACACA
CCCTGACTCCATTAGAGCAACTTTAGCTGAGITTCTCTCCACTTTTGTICTTCGICTTTG
CAGCTGAAGGECTCTATCCTCTCTCTCGATAAGI TGTATTGEGAACATGCGEECTCATGCG
GGGACAAACACACCAGGAGGEECTGATTTTAGTAGCGT TGECTCATGCGT TTGCTCTGT T
TGCTGCTGI TTCAGCAGCCATTAATGI CTCCGECGGACACGT TAACCCGGECAGT CACT T
TTGGTGCTCTTGI TGGAGGCAGAGT TACAGCGAT CCGCGCCATCTACTACTGGATCGCT
CAGCTTCTTGGAGCCATCCTCCCTTGTCTCTTGT TAAGGECT CACAACAAACGGECATGAG
ACCAGITGGTTTCCGT CTAGCATCAGGT GT TGGAGCGGT TAATGGACT TGTATTAGAGA
TCATTTTAACATTTGECTTAGT CTACGTAGTGTATTCCACT TTGATTGATCCAAAACGT
GGAAGCCT CGGGAT CATAGCACCGCT TGCAATCGGACT CATAGT TGGGGCAAACATCTT
AGTAGGTGGACCATTTTCTGGTGCT TCGATGAAT CCAGCTAGAGCT TTTGGT CCAGCGT
TGGTGGGATCGAGATGGCATGACCACT GGATCTATTGEGT CGGACCATTCATCGGTAGT
GCTTTAGCCGCCCTTATATATGAGTACAT GGTCATACCCACCGAACCACCTACCCACCA
CGCACATGGT GTACACCAGCCCT TGECCCCTGAAGATTACGCCATGGGCAGCAAGGGCG
AGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGATAARNTIEARIS
CACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTALEARIIANG
GAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCHMACCHROET

79



TCGGCTACGGCCTGCAGTGCTTCGCCCGCTACCCCGACCACATBRAEACATGC
TTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCAFALIGATGA
CGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACARATIGCGA
TCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTBGGCEGAAS
TACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGATMAAA
GGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCEACT2GT
ACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCAGRTANTC
AGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGETCATSTT
GGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCAAGGACGAGEGTGHATBA
HA-BAMhI:NOS-EcoRI

PSport-Alpha-Tip

7120 bp

Fig.4.8The pSPORT-Alpha-TIP construct.

4.2.1.1.4.2 ER marker (Sec@) plasmid sequence

PINA-Xmal-

BUGGT GGCCAAT GGAGAT GCCCCGECTAGAGGGAGT GCAGCAGCTGC
TGCAAGCT TGCGCAGGCGT AGAACCACCAGCAGT GGCACT GGT GGAGGCGGT GCCAGCA
CAATGCTCCAGT TCTACACCGAT GAGGCT GCT GEGCGCAAGAT GTCCCCGAACTCAGTC
CTCATCATGAGCATTGGGT TCATTGCCGT CGT TGCTCTTCTGCATGT TTTCGGCAAGCTT
TACCGCACCTCCGCC- [HB-BAMNI:NOS-Ecorl
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PSport_Sec61

6542 bp

Fig.4.9The PSPORT-Sec61f construct.

4.2.1.1.4.3 Golgig-mannosidase I) marker plasmid sequence

PINA-Xmal-

ATGCGECGAGAGGEGAGCAGAT CAGT GEGTAGCAGCAGCAGCAAAT GGAGGTACTGCAACCC
TTCCTATTACT TGAAGCGCCCAAAGCGTCTTGCTCTGCTCTTCATCGITTTCGTTTGIG
TCTCTTTCGTTTTCTGGGACCGT CAAACT CTCGT CAGAGAGCACCAGGT TGAAATTTCT
GAGCTGCAGAAAGAAGT GACTGATTTGAAAAAT TTGGT GGATGATTTAAATAACAAACA
AGGTGGTACCT CTGGGAAGACT GACT TGGGGAGAAAAGCT ACCAAGT CCAGTAAAGACG

TCT CGAGGACOGGT CCAGGRGGT TOUATE BTG ACCAAGEECEAGGAGETETTCACCGGG
GTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAACGGCCAGBBEETC
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K (120
Alpha-mannosidase

PSport-Alpha-Mannosidase |

6621 bp

Fig.4.10The pSPORT-Alpha-Mannosidase | construct.
4.2.2PCR analysis and screening of transgenic plant

PCR analysis was used to scregnviieat lines (plants regeneratedibyitro culture),
with primers specific for PinA promoter and NOSnt@rator regions. T seed were
germinated and embryo rescue techniques were usetb\eloping grains to shorten
time for production of T plants. Seeds from transgenig fflants were screened by

confocal microscopy, in order to confirm expressibfiuorescence tags (Fig. 4.18).

PCR screening of T1
plant

Embryorescue

Fig. 4.18 Schematic illustration of screening of trangguiants, embryo rescue, vibratome
sectioning of positive seeds and confocal microgcop
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4.2.2.1PCR analysis with specific oligonucleotide design

In the figure 4.19 the primers used for PCR analysi transgenic lines containing
specific cellular marker (see Materials and Methqus. 3.2.1.1) are illustrated. Each

set of transgenic lines were grown under contrati@aditions.

Vacuole marker

_1> 2 3 -——

ER marker

1 4
— 3 s ; 6 “<—
miaApemeier | Chemy [Secel ma wos

Golgi marker
1 4
—_— 7 8 | (—,

— 3 Primer forward
&——— Primer reverse

Fig. 4.19: Specific oligonucleotides used for PCR screeningamsgenic lines.

4.2.3 Confocal microscope analysis

Analysis of transgenic plants containing the flsaent markers for Vacuole, Golgi and
ER was carried out on a LSM 780 confocal microso@mass), using a “smart setup”
option which allows automatic adjustment of imagparameters for best acquisition
speed/ signal quality (Fig 4.20, 4.21, 4.22). Wedudifferent sets of wheat transgenic
lines but collected at the same stage of developrnrenrder to compare the expression

of the markers for the different compartment.

The tonoplast is the delimiting membrane aroundviheuole, and in fully expanded

cells it stretches throughout the cell revealing thrge size of the central vacuole
(Figure 4.20). Some cells, particularly in rapigkpanding tissues of seedlings, contain
circular structures of varying size (1-10 pum) iestie lumen of the vacuole (Figure
4.20-2).
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Our results indicate that tle TIP marker was localized in the tonoplasts of vées of
different sizes. This would be in accordance whit tesults previously reported by Park
et al. (2004), but different to what reported bynitar et al. (2007), who localized

exogenously expressed hemagglutinin (HA)-tagmédP in the central vacuole only.

3

2897R3P2-16dpa (10x objec) 2897R9P3-16dpa (20x objec] 2897R3P1-16dpa (40x objec)

4.20:Confocal analysis of 16 dpa seed sections frgmniizygous line expressing the
transgenia—TIP-YFP. At the bottom of each picture the tramsgdéines used and the
magnification are specified. 1 TransgerZs ( d aall segregant grainC( ). 2 and 3 YFP
labelling of vacuolar membranes.

The ER forms an extensive network throughout themigism. This network is better

observed by focusing on the cortical cytoplasm yunster the plasma membrane (Figure
4.21). In this case, a fine network of clearly deéited tubular and sheet-like ER
elements can be discerned. The signal differenteees the dark areas in the lacunae
and the ER elements is substantial and distinctrebeer, we observed fluorescent
structures attributable to ER derived protein bedmit further analysis using a storage

protein marker will be necessary to confirm thisdasion.

2934R9P1-16dpa (40x objec)] 2934R6P1-16dpa (40x objec) 2934R9P2-16dpa (63x objec)
4.21:Confocal analysis of 16dpa seed sections expreisngR marker, SecpflAt the
bottom of each picture the transgenic lines useltlagd magnification are reported.
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The Golgi apparatus consists of a large numbemafllsndependent stacks (Fig. 4.22).
Our observations are in perfect agreement with Nigie et al., (1999) who found that
the individual Golgi stacks appeared as perfeailynd discs, as short lines or in the

shape of small rings, depending on orientationsdatlis.

2933R6P1-16dpa (20x obhjec] 2933R3P2a-16dpa (20x objec) 2933R6P2-1 6dpa (63x objec)

4.22:Confocal analysis of 16dpa seed sections expreslsinGolgi marker, Alpha-
Mannosidase I. On the bottom of each picture #uesgenic lines used and the magnification
are reported.

So each fluorescent protein (GFP, YFP and Cherag @etected with a high definition
by confocal microscopy, as reported in the figuabeve. The specificity of the signal
confirms the efficacy of this organelle tagging eggeh to study the trafficking routes

in wheat.

4.2.4 Immunofluorescence test of pSPORT-Alpha-TIPanstruct

At the moment, immunofluorescence microscopy waseth out on transgenic seeds
expressing thea-TIP marker. The polyclonal anti-HA antibody waseds for
immunofluorescence tests, in order to screen asdalize thea-TIP polypeptide in

wheat kernel sections (28 dpa).

These preliminary results show that tbeTIP marker was recognized in all the
vacuoles of different sizes, confirming the resulbtained monitoring GFP

fluorescence (fig. 4.23).
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2934R6P1-28dpa (40x objec)

4.23: Immunofluorescence analysis of 28 dpa seed sedtiomsobtained from Temizygous
line expressing the transgemie TIP-YFP. At the bottom the transgenic line used e
magnification are reported. The polyclonal anti-BEiitibody was used to recognize the TIP
polypeptide. In the rigth most panel, the YFP algs in yellow. In the other panels, it is in

green.
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5. CONCLUSIONS

Wheat gluten proteins are typical secretory pratam that their synthesis, folding,
maturation and deposition take place within theoemeinbrane system of the plant cell.
As for the glutenins, they are divided into highMW-GS) and low (LMW-GS)
molecular weight glutenin subunits. The first haveen extensively studied and
characterized, whereas study of the second isastiicomplete stage, due to the large
number of subunits expressed in the endosperm eatyand also for their similarity in

chemical and physical characteristics that makes thifficult to purify.

The LMW-GS are divided into three groups accordmgheir electrophoretic mobility:

B, C and D. In the B group the typical LMW-GS arestly present, which are
subdivided, according to the first amino acid pnése the mature polypeptide, in
LMW-s (serine), LMW-m (methionine) and LMW-i (isaleine) type. LMW-s and
LMW-m seem practically identical, on the basis loé tomplete nucleotide sequence.
This is because the main difference between tiveseséquence types is the absence of
the expected first three N-terminal amino acids TMEBr MEN- in some minor cases,)
in the mature sequence of LMW-s type, althoughilngeotide sequence corresponding
to these three amino acids is present in the seggeencoding both -s and -m type
LMW-GS precursors.

According to signal sequence cleavage site predicilgorithms, cleavage by signal
peptidase would generate a QMET- (or QMEN-) N-teahsequence. Removal of the
N-terminal GIn residue would be therefore requitedjenerate m-type LMW-GS. On
the other hand, the identification of the gene rgdor a specific LMW-s type showed
the presence of an Asn instead of a Thr beforestédre of the mature sequence (MENS-
instead of METS-). Thus we have hypothesized thatgresence of the Thr of the
immature polypeptide instead of the Asn residueldcadetermine a preferential
processing at the N-terminal end of LMW-s type ssmes, that might generate the
cleavage of the peptide MEN by an asparaginyl eratepse, similarly to what likely
occurs inm-gliadins (Dupont et al., 2004). For this reasbe, genes for these two target
proteins (LMW-m and —s) were mutated in positiono23he coding sequence in order
to have a threonine instead of asparagine \aoelersa. The durum wheat cultivar

Svevo was used for genetic transformation with teatand wild-type LMW-GS.
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The genes coding for the mutated versions of LMWsa8pe and LMW-GS m-type
and for the wild-type LMW-GS m-type were clonedoinpLRPT vector for the
expression in plants. Both were put under the obwmi the HMW-GS Dx5 promoter.
Two different tags were added at the C-terminusldnd FLAG-tags) of each target
gene. Vector pUBI::BAR was used to co-transform athembryos , in order to screen
and select transgenic plants. SDS-PAGE, 2D elelotnegsis and relative Western
Blottings were performed on the glutenin proteindgracted from transformed and
untransformed lines, in order to identify the methtLMW-GS. The N-terminal
sequencing and/or mass spectrometry charactenzatfothe identified spots was
performed in collaboration with Dr. W.H. Vensel, D&, Albany, CA. These analyses
allowed to identify polypeptides showing the expecsequence of both mutated LMW-
m type (that was SCISGLE-), and LMW-s type (thatswdETSHIPGLE-), thus
confirming our hypothesis that the presence of an &r a Thr in position 23 causes a
proteolytic cleavage (by an Asparagynil endo-pegst@). This was verified also by
results obtained on the transgenic wild type LMWihmgt showed an unchanged N-

terminal sequence.

We produced also the constructs containing marfkerspecific cellular compartments,
to be used to transform wheat plants in order Hoviothe deposition pathway of wheat
storage proteins, and, in particular, of LMW-GSclaonstruct contained a specific
marker for the recognition of the different subakdi compartments: for the vacuole,
we used the Arabidopses-Tip (a-tonoplast intrinsic protein) (Hunter et al., 200f0r
the endoplasmic reticulum, we chose rice SBc@hembrane protein translocator,)
(Onda et al., 2009); and for the Golgi compartmewe chose a soybean
Mannossidase | (a key enzyme involved in N-linkdglc@n processing) (Nelson et al.,
2007).

All the constructs included the promoter, PinA (fraghe wheat puroindoline-a gene),
because it allows an even expression throughowtrtdesperm (Wiley et al., 2007). As
fluorescent markers, we used either the yellowhergreen fluorescent protein (YFP or
GFP), or the Cherry protein.

In collaboration with Rothamsted Research, the dreheat cultivar Cadenza was
transformed withPSport-Alpha-Tip, PSport-Alpha-Mannosidase | and PSport-Seclps
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constructs and the corresponding transgenic linesewanalysed by confocal

microscopy.

PCR analysis was used to screamwleat lines, and embryo rescue was performed to
obtain T, plants. Our results confirmed that this approazhaivalid tool to study
trafficking routes in wheat kernel. To reach th@aly these transgenic plants will be
either crossed with other transgenic wheat plaatsformed with LMW-GS containing

specific tags, or co-transformed with LMW-GS wittesific tags.

The information obtained so far and those that ballobtained by the continuation of
this research, besides shedding light on theseamkmmechanisms, will help in the
understanding of gluten proteins organization, tigatat the basis of qualitative

properties of wheat.
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