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CHAPTER |

INTRODUCTION

The dynamic plant cell wall serves as an extracellulatrimmwhich determines
the shape and size of the cell by maintaining the rigidithefcell (1). It is one of the
most vital plant components with varied physical and chemiagbgrties. It plays
various roles ranging from i) providing the support and mechaniesigsh to the cell,
i) acting as a barrier against microorganism invasion thusieginjury and infection
of the cell (1), iii) maintaining the differentiation of thelaahd tissue during cell growth,
iv) metabolic role such as transportation, secretion and cell signél, 2) and v)
producing defensive chemicals against infection caused by isacterfungi, hence
displaying the plant disease resistance mechanism (3)thesé unique properties make
cell wall a crucial subject to be explored in detail at threctural, functional and
molecular level.

Plant cell walls are distinguished as primary cell wall aadondary cell wall
which differ in their composition and functions. Primary cell walihin, semi-permeable
and is formed during the early stages of the cell growth.ntachanically stable, flexible
to accommodate the enlargement and elongation of the cell aiyl @asnsiblein a
hypotonic medium avoiding the rupture of cell membrane. Secondary akliswaid

down next to the primary cell wall after the cell growth anpletely ceased. Primary



cell wall is mainly composed of polysaccharides in large amaamdsproteins in very
small amounts. The polysaccharides are distinguished into cellulosieeheloses, and
pectin present in varying amounts. Primary cell walls have deialose and higher
pectin, whereas, it is vice versa in secondary cell walls.sBleendary cell wall along
with polysaccharides contains lignin, which provides more strengthnaschanical
support to the cell.

Cell wall polysaccharide components

Celluloseis the most common carbohydrate present in the plant cell kvedlfound in
secondary walls accounting for nearly 40- 45% of total dry weifybelbwall whereas it
is 20- 30 % of total dry weight in primary cell walls (4).is an unbranched polymer
having B-1-4-D glucan residues which aggregates into microfibrillarcttires ranging
from 5um — 7um in length and 30nm in width. These microfibrils aneddrby the
hydrogen bonding between the hydroxyl group of the glucose residue arehadythe
same or neighboring chain. It is considered that the celluloskesystrequireg$-1-4-D
glucan synthases or cellulose synthase complex (CesA) forntogetie like structure
having 6 subunits arranged hexagonally giving rise to nearly 3dlgbacallulosic
polysaccharide chains. These chains aggregate by forming hgdsogds between intra
and inter cellulosic chains generating the single celluloseofibril (5, 6, and 7). Such a
cellulosic microfibril acts as a skeletal frame work for dedl, giving it shape and
strength (4). The cellulosic chains of primary cell walts high in molecular weight,
highly crystalline and oriented parallel to other cellulosicrmifibrils. The cellulosic
chains of the secondary cell walls are also high in molecular weight, butdahsigts two

different forms of cellulosic chains, one showing parallelraaton whereas, the other



one is rare form which shows the antiparallel parallel oriemtatio other cellulosic
chains. (8, 9, and 10).

Hemicellulosesare heteropolymeric polysaccharide present in most of the plant
cell walls. The major types of hemicelluloses includes xvogh (XG) contributing
around 20% of the total dry weight of primary cell wall and glucummnaoxylans
contributing around 20% - 35% of the total dry weight of secondarymedil(4). Minor
types of hemicelluloses includes mannans (glucomannan, galactoglucomatytheam
(arabinoxylan, glucuronoxylan), and arabinogalactan. Usually it seen that
hemicelluloses are most abundant in secondary cell walls of botbcstoand dicot
plants as compared to primary cell walls. Hemicelluloses pdvd-D glucan residues or
B-1-4-D xylan as a cellulosic-like backbone branched with differenarsuguch as
xylose, galactose, mannose, rhamnose, and arabinose. Hemicellulgsiengcdre easily
solubilized by alkaline solvents. They do not aggregate formingofibais but the
backbone can interact with cellulose and hence it is also called as ‘clasg-ljlycan’.

Xyloglucan (XG) is one of the most abundant hemicellulosic potysades
accounting for nearly 20% of total dry weight of dicot cell w&ll1, 12) and 2% - 5 % of
total dry weight of monocot cell walls (13, 14, 15). XG hag-B4-D glucan residue
backbone witha-1-6-D xylose side chains attached to the 0-6 position of theogé
residues (11). Some of these xylose side chains are somégneel at O-2 position with
galactosyl or fucosyl-galactosyl residues. Glucose residugsled-D glucans are O-
acetylated sometimes. A nomenclature of XG denoting the distrbatiside chains was
proposed by Fry et al (16). Typically three consecutive gluesdue C-6 positions are

substituted by xylose moieties forming the ‘XXXG’ structure, meh& represents a



xylose branch and G represents an unbranched glucose residue. The asetahitd
xylose residues of ‘XXXG’ may get substituted at C-2 positignabterminalp-1-2-D
galactosyl residue represented by Lpet-2-D galactosyl linked withu-1-2-L fucosyl
residue represented by F, forming different XG subunits suchXasGXXXFG, and
XLFG. Schematic structures of XG subunits are shown in Figure dgarBess of the
structural variability seen in various species, it is considdraidthe role of XG in plant
growth and development is maintained throughout all the species. liohsa@s a
structural backbone in the cellulose-XG network, an energy supplyldat seeds (17,
18), and a fucosylated xyloglucan acts as a signaling molecutegdbe expansion and
growth of cell walls initiated by auxin (19, 20, and .2But recently while studying
Arabidopsis mutants, results showed that the xyloglucan with galactoselsaies along
with rhamnogalacturonan Il (RG Il) plays a major role in w#&kngthening as compared
to the fucosylated xyloglucan (22).

Pectinis highly complex in structure as well as function. It issgancomponent
of the primary cell walls accounting for nearly 30 - 35% ofltdtg weight. Pectin plays
an important role in expansion, elongation and shape of the cell, gnodthevelopment
of the entire plant, avoiding the cell wall rupture under turgor pressnd maintaining
the wall porosity for cell-cell adhesion, signaling with th&glef enzymes present in the
cell wall, e.t.c. Pectins are characterized by the presefckigher amounts of
galacturonic acid along with a few other sugars like arabinoaentse, galactose and
xylose in lower concentrations. Pectic polysaccharides assifidal into five different
structural classes including homogalacturonan (HG), rhamndgedaan | (RG 1),

rhamnogalacturonan 1l (RG II), xylogalacturonan (XGA), and apaatonan (AP).



These structures are grouped into 2 different groups called smoahs€gG), and
hairy region (branched with side chains RG I, RG I, XGA) (23).

Homogalacturonan (HG) is one of the simplest pectic regionshvadcounts for
nearly 60% of pectic regions in the plant cell wall. It is a pay composed ai-1-4-D
galactosyluronic acid residues (24). Usually most of the carbgeodps of the galA
residues have undergone methylesterification (25) whereas threxigly groups can
undergo acetylation at O-2 and O-3 position (26, 27). The unmethylatetdt®s
(nearly more than 10 continuous residues) form rigid, stable and insdaloiem-
pectate gels in the presence of calcium ions accounting fdiy W&&6 of the pectic gel
present in the plant cell wall (28, 29). Figure 1.2 shows the schematic strudti®e of

Rhamnogalacturonan | (RGI) accounts for nearly 20-35% of pectic
polysaccharide. It has a backbone made up of nearly 100 repeatinghdrsde units (1-
2)-a-L-rhamnosyl-(1-4)a-D-galacturonic acid (1,30,31). Usually the galA residues of the
RG | backbone undergo acetylation at O-2 and O-3 position (32), whbeeessidues of
RG | backbone undergoes substitution at C-4 with different neutral sugars sualaad a
gal (33). These side chains mostly incl@ide-4-D-galactang-1-5-L-arabinan with many
a-1-3-arabinose or arabinan branches, arabinogalactan | and arabiteogdilg17, 34).
Arabinogalactan | sidechain typically include4-4-galactan along with-1-3-arabinose
branches, whereas arabinogalactan Il sidechain incpide3-galactan along witR-1-6-
galactose on-1-3-arabinose branches (35). RG | has different side chainarknan
and galactan according to the differential stage of cell grokthberimental results in
transgenic plants expressing rhamnogalacturonan lyase cleaviRgtbackbone shows

a significant influence on plant growth and development (36). RG boped to act as



a bridging molecule between different pectins such as RBQG| in form of sidechains.
But, the final structure of all these connections is still a tiquesFigure 1.2 shows a
schematic structure of RG 1.

Rhamnogalacturonan Il (RG 1) is the most complex pectin as cewchgarall
other pectic polysaccharides. It accounts for nearly 5% of thecpaalysaccharide.
Though RG Il is structurally most complex, still its structure is higblyserved in all the
plant species suggesting its importance in the wall function (ZZ)I Bnd RG | seem to
be of similar type, but structurally and functionally they are diffenemhfeach other. RG
Il comprises of an HG backbone of around-9-4-D galactosyluronic acid residues with
four complex branches denoted from A-D having 12 different sugsasiged in 20
different ways at O-2 or O-3 position of galA residues. Unusualrsuigked to RG I
include 2-O-methyl L-fucose, 2-O-methyl D-xylose, D-apiose ,(3B)C-carboxy-5-
deoxy-L-xylose (L-aceric acid) (39), 2-keto-3-deoxy-D-mannatosionic acid (Kdo)
(19), 2-keto-3-deoxy-D-lyxo-heptulosaric acid (Dha) (40). &idén A and B are very
complicated oligosaccharides and are attached to the backbone végiasP residue,
whereas the Kdo and Dha containing disaccharide are less cdeygblidarming
sidechain C and D, respectively. RG Il forms dimers by seti@ation via boron-diester
bond formation between the apiosyl residues of side chain of two R@Gléicules. And
this dimerization of RG Il via boron is significant for various roles suchrasgthening
of the cell wall, plant growth and development (37, 41, and 42).Figurehtgssthe
schematic structure of RG II.

Xylogalacturonan is generally ignored as a minor type ofip@olysaccharide.

XGA has a backbone substituted at O-3 position of galA residue with a non-reducing



terminal xylose moiety and sometimes this xylose residuekied with one more xylose
at O-4 position (43, 44). The amount of xylosylation of the HG in X¥&#ies from
species to species. Figure 1.2 shows schematic structure of XGA.

Apiogalacturonan (AP) is present in aquatic plant cell wabpdrted first in
duckweed) (45). It has an HG backbone \fiithpiose sometimes on both the 2 and/ or 3
position ofa-1-4-D galactosyluronic acid.

Cell Wall proteins Along with different types of polysaccharides, cell walls also
contain structural proteins and enzymes playing a cruciainaé@ferent functionalities
of the cell wall such as, growth, development, extensibility, Siggaprotecting against
pathogens, and environmental abnormalities like stress, drought, and roemyFive
different groups of cell wall proteins include: extensins, glycide-protein (GRP),
proline-rich proteins (PRP), arabinogalactan proteins (AGP), and setaralectins. All
the above proteins except GRP belong to hydroxyproline-rich glycopr{itgaiRP)
family. Extensins are the most abundant and widely studied pratemprised of the
characteristic repeating sequence of Ser (HyPrbey are involved in the extension
growth of the cell walls and hence named as extensins (46:gjher accumulation of
extensin is seen in the cell walls in response to mechaniessstattack by pests,
oligosaccharide elicitors or ethylene (48). GRPs are géyneligided into 2 classes, one
localized in vascular tissue of the plant and other localized iryttoglasm. They are
characterized by the presence of repetitive structure corgaanaund 70% of glycine in
form of Gly-X where X can be glycine and sometimes alaningeoine (49). GRPs
present in vascular tissue are thought to have easy passage/teomtx protoxylem and

are proposed to take part in the repair system during the elongétowatoxylem (50).



GRPs present in the cytoplasm deal with wound healing and dralgtsrice. PRPs are
subdivided into 2 classes and are characterized by the Pregats along with a few
other amino acid repeats. One subclass of PRPs is localiteel @xtracellular matrix of
the plant cell and plays an active role in strengthening and devetomhcell wall (17,
51). The other subclass of PRPs is the plant nodulins, which are produesgonse to
the infection when nodules are produced by nitrogen fixing bacteria A&2iPs are
localized in the extra cellular matrix of the cell. Mosthey play a structural role by
forming a cushion between the cell wall and plasma membrane, antrsemthey are
also involved in cell-cell recognition (48). Along with these prigdhere are numerous
enzymes including polysaccharide degrading enzymes such as emtagkeicpectinase,
and cellulase, enzymes involved in cell wall modification such @sases, xyloglucan
endotransglycolyases (XETSs), and expansins. Expansins are involvedanihgpsf the
cell wall mediated by the acidic condition, forming the spacevdmt the XG and
cellulosic microfibrils of the cell and allowing water uptaffue to wall stress relaxation
causing the cell expansion.
Cross-linkages between the cell wall polymers

All the polymers of the cell walls explained above can exhdriteskind of cross-
linkages between each other as was reviewed by Fry é83l. The linkages present
between the polymers might include, a) Hydrogen bonds betweenossluhnd
hemicellulosic polymers, b) ionic bonds between pectins and protéifg;ntation of
calcium bridge between pectic polysaccharides especially HG polyd)exgiosyl borate
ester bridges between the two RG II, e) glycosidic linkalgesveen pectin and

hemicellulosic (XG) residues, between pectins e.g. RG | and HG&B. Extensin), f)



ester linkages between the COOH group of galA acid and the ©tp gpf other
polymers, g) phenolic couplings such as formation of intramoleagdityrosine bridge
in HGRPs (e.g. Extensin), and formation of diferulate bridgesveen feruloylated
sugars and h) formation of amide linkages between pectins atelngr as postulated
recently by Fry et al. All these linkages have been studieghsively but few are yet to
be supported by the definite experimental results.
Brief overview of Cell wall models

The first model was proposed by Keegsttaal., in the early 1970’s, while
studying the connection between the different polysaccharide comparfesycamore
cell walls. They postulated that xyloglucan was covalently linkedectic components
via arabinan or arabinogalactan and adsorbed non-covalently on the teluldace
forming a monolayer. However, in recent models the possibility ofb¥iag linked to
pectic components is disregarded due to lack of experimental egidBac 17). The
models use a two or three network cell wall model of the growlagt cell wall, in
which the cellulose-xyloglucan load bearing network is embedded in a pexttix (7).
Pectin regions are either shown as unlinked (54), or in a secondeuyrketteracting
via calcium bonds as shown in the egg-box model (55), or just prlesewmten the less
esterified HG regions (17). The third network they consideredbeageen pectins and
cell wall proteins. But in last few years some evidences hasvrs pectins being
covalently crosslinked mostly to hemicelluloses (e.g. XG or xylans).
Cellulose-xyloglucan network

Cellulose and xyloglucan, the important load bearing structural comizookthe

plant cell, form an extensive hydrogen bonded network called cellulose-xylngluca



network. There have been different views on this network. Earli®ast hypothesized
that the crystalline cellulosic microfibrils are encapsuldig almost 65% of water (56),
along with matrix formed by the combination of hemicelluloses, pectand
glycoproteins (12) together forming a network in the cell, 2) theeat model postulates
the presence of the hemicellulosic (XG or arabinoxylan) intercoonscbetween the
cellulosic framework forming the cellulose-hemicellulose nekw@l7). Cellulosic
microfibrils are usually 20-40 nm apart from each other and XGswally 700 nm long.
There are chances of one single XG to span and interlink seggagent microfibrils,
which was experimentally supported and was captured using electcoosoapy (57,
58). Such cross-links may restrict the free movement of cellulogcofibrils giving
structural rigidity and strength to the cell wall. Hencelatlse findings lead to the recent
view on this network which states that the surface of cellulogmifibrils is coated with
xyloglucan, along with additional cross-links of XG forming aidattlike structure. The
binding of XG to the cellulosic microfibrils takes place by 3id&tdomains of XG. The
first domain which is supposed to be strongly bound to cellulosic niatsfis soluble
and extractable only by strong alkaline solutions. The second daevhah is supposed
to be loosely bound to cellulosic microfibrils forming the cross-tigkitethers is
susceptible to the enzymatic treatment e.g. endoglucanasehiithelamain which is
supposed to be entrapped between the cellulosic microfibrils is netheilized by
strong alkali nor by enzyme treatment (59). The side chain§Gofare thought to be
moderating its binding to the cellulosic microfibrils. With the wseconformational
dynamics simulation oifn vitro binding assays of pea cell walls, it was considered that

the fucosylation of the side chains of XG makes XG backbone gtiaigonformation,

10



thus increasing its accessibility to microfibrils (60). Hettuese differential linkages of
XG to cellulosic microfibrils make this network very unique in mtaining the structural
integrity and regulating the mechanical properties of wall.
Pectin network

Literature has repeatedly shown that when the cell walls raaet with
endopolygalacturonase (EPG) it degrades the non-methylate@ndiGyjields a mixture
of RG I, RG Il. Requirement of such a treatment to isolatgpéutic components from
each other, as well as from the walls, indicates the pres¢rumvalent linkage between
the pectic polysaccharides. There is no definite answer as to how these@agionents
are exactly linked to each other, but available data helps usating a tentative model
which suggests HG and RG Il are linked to each other vialthekbones, and are side
chains on RG | extending out perpendicularly (61, 62). Glycosidkadje between these
pectic components connecting them through the backbone is just one pgsSithier
linkages include calcium cross-links between HG, boron ester lonkssy between RG
Il forming dimers, and covalent cross-linkages with phenolic and ctirapounds. HG
has a self associating property depending on the degree of leséthfication.
Methylesterification can be controlled by the enzyme pectithyfesterase (PME),
which influences the formation of pectic gel. Pectic gels amadéd due to the formation
of the calcium bridges between the de-esterified H®®ig¢ing the expanded junction
zone which prevents the free passage of wall proteins (28, 29). RGklbdoe has
rhamnose which is sometimes branched by arabinan, galactan erogedhctan which
may cross-link with other wall polymers like XG, xylans, lignindaproteins. RG I

molecules dimerises by the formation of borate diester bonds litkéngpiosyl moiety
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present in sidechain and thus forming a structure which strengtreecsll wall (37, 41,
and 42).

Pectins do crosslink with hemicellulose, wall proteins and pheradidsng more
structural and functional complications to the cell wall. A linkhgéween XG and
pectin was hypothesized in the first cell wall model givetKbggstraet al. Sometimes it
is seen that sequential extraction of suspension cell walkkhdigting agents and strong
alkali solubilizes only a low amount of pectin and XG, but if an EP&dmestion is
followed by strong alkali extraction then there is a possikalitgetting a good amount of
pectin-XG complex solubilized. This pectin-XG complex can belgteé@ by an anion
exchange column, and on treatment with endoglucanase enzyme it digsstef XG
but not RG (63, 11). All this evidence points to the possibility of covaleoss-linkage
existing between pectin and XG. To investigate the linkagesgelea these regions is a
big challenge due to its complex structural heterogeneity ansemre of various
domains. Use of cloned enzymes with high specificity may metpgolving the mystery
of the connecting element and thus giving a better understanditige aiross-linking
between the pectic regions with hemicelluloses and its arttihiédééramework in the cell
wall.

AIM AND OUTLINE OF THESIS

The aim of this project was to determine and characterizertsslink present
between XG-RG. The presence of cross-links connecting differahpolymers, such as
cellulose/xyloglucan network and pectic network may have signifieffect on physical
properties of cell wall which directly or indirectly regulatéee cell growth. Gaining

knowledge and insight about these cross-links would be beneficial to @mikerst
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architecture and functionality of the whole cell wall. Prahanily results during isolation
of XG-RG complex from intact cell wall illustrated thatostg alkali extraction (24%
KOH and 0.1% NaBl) of EPG pretreated cell walls solubilizes around 80-90% of the
RG and XG present in the cell wall (64). Evidences shows t@mepce of two types of
XG, unlinked XG and XG covalently crosslinked to RG | (chapter 2).iodar
chromatographic techniques were used for isolation XG-RG compleapt& 3
illustrates the use of cloned enzymes with specifically actsXG-RG complex to
determine the crosslink. Enzymes used for degradation were arabsesalabinanase,
endoglucanase. Fragments produced after the enzymatic degradagon analyzed
using mass spectrometry, and NMR spectroscopy. Arabinosidasedntaloes remove
the arabinan side branches. Along with free arabinose, unlinked X@lates out as a
non adsorbed fraction when applied on PA1 column. The removal of unlinked nds is
a result of arabinosidase degradation, hence showing the probabte<lo&drXG being
non-covalently associated to pectic regions. Arabinanase treatioesitcleave the-1-5
linked arabinofuranosidic bonds present in polymers containing arabinarenkyisatic
degradation does dissociate a significant quantity of XG from R&réting arabinan as
a major crosslink between XG and RG.
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Figure 1.1 Schematic structures of xyloglucan (XG) subunits(Subunits are
designed based on nomenclature proposed by Fry et. al. In thigure G represents

unbranched glucose, X represents xyl, L represents gal-xyl drf represents fuc-gal-

xyl.
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Figurel.2 Schematic structures of HG, RG I, XGA.
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Figurel.2 Schematic structures of RG I
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CHAPTER 2

EXTRACTION AND ISOLATION OF XG-RG COMPLEX FROM
COTTON CELL WALLS

INTRODUCTION

In an early model of the primary cell wall proposed by Keagatrd co-workers
in early 70’s, it was postulated that xyloglucan was covalethitliged to pectic
components via arabinan or arabinogalactan and adsorbed non-covalently on the
cellulosic surface forming a monolayer (1). This model was proptssed on the
evidence found while studying the connection between the different pohaade
components of sycamore cell walls (1). A new model was proposike iearly 90’s by
Carpita and Gibeaut while studying cell wall architecturalifferent flowering plants.
They stated that cellulose-xyloglucan network is embedded irctec peatrix, where as
pectin which has four distinguished regions such as HG, RG |, R@ IK&A forms an
independent network (2). However, when we were trying to solubilize
rhamnogalacturonan from cell walls of cotton suspension cultures bggaential
digestion with endopolygalacturonase (EPG) followed by the exdrastiith strong
alkali, we found convincing evidence showing nearly half of theglytman is covalently
crosslinked to rhamnogalacturonan (3). A similar kind of covalentscliokage was
found between extensin (cell wall protein rich imydroxyproline) and

rhamnogalacturonan in cell walls of cotton suspension cultures (4).
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MATERIALS AND METHODS
Initiation of Cotton suspension culture

Cotton suspension cultures were initiated using the method explairedylagk
et al (5). Leaves and stems from 30 to 90 days old cotton p@ogsypium hirsutum L.
Acala 44 & OK 1.2) were used as explants. Explants were sugtiackzed for about 2-5
minutes by washing the stem and leaves with 100 ml of 70% ethbomg with 0.1%
Tween-20. Ethanol was then removed and explants were washed for abouriui€s
with 100 ml of 2.15% aqueous sodium hypochlorite with 0.1% Tween-20 followed by
several washing with autoclaved distilled water under sterile ttongli Leaves and
stems were cut into small rectangular and longitudinal pieespectively, using sterile
surgical blades. These explants were then transferred on to Scttkhikdebrandt (SH)
media slants containing ten times more concentrated pyridoxindiz8t®n of explants
and transferring of explants to media was done in the laminarHtowd. These media
slants were maintained under continuous light aGOAfter 4 weeks undifferentiated
cell growth was seen on explants and some were excised acdlguld to new media.
Suspension cultures were developed by transferring 3-4 g of celtue tfrom agar
medium to 50 ml of Schenk and Hildebrandt (SH) liquid medium in 125 ntlireul
flasks. These flasks were kept on a shaker at 130 rpm under continuous ligh€at 30
Preparation of cell walls from suspension culture

Cotton suspension culture was used to prepare cotton suspension lll wa
Suspensions cultures were grown for about 2 weeks and cells wetgativested from it
by filtration. The cell wall preparation method was describedbwyalavilas and Mort

(6) where cells were collected on fine nylon cloth (35 um pae sSmall Parts Inc.,
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Miami Lakes,FL, USA), and washed sequentially with 10 vol of 200 mM and 6 vol of
500 mM potassium phosphate buffer (pH 7.0). Cells were then suspended @f 590l
mM potassium phosphate buffer (pH 7.0) and crushed using a Polytron honsogeniz
(Brinkmann Instruments, NY) on ice for about 12 mins at full spe¢dl stopping after
every 3 minutes for cooling. The cells were then washed in sequeaittiein with 5 vol
of 500 mM potassium phosphate buffer (pH 7.0), followed by 10 vol of destitter, 5
vol of 1:1 chloroform-methanol, 10 vol of acetone. Cell walls obtained @aftgng with
acetone were air dried and then further dried under vacuum at room temperature.
Endopolygalacturonase digestion of cell walls

Dried Cell walls were suspended in 50 mM ammonium acetate buffer (pH 5.2)
making the final concentration approximately to 10 mg/ml. Fiftéemts of EPG
enzyme/ gm of cell wall digesting HG, was added to the frive. EPG was cloned from
Aspergillus nidulans open reading frame AN8327.2 and expressediahia pastoris
(7).Mixture was kept at 37C for 24 hours with gentle stirring. A few drops of toluene
were added to cell wall mixture to avoid fungal growth. After 24 sitkie cell wall and
enzyme mixture was centrifuged at 13,200 g for 15 min. Pellets washed twice with
water and were centrifuged at 13,200 g for 15 mins. Supernatants katsl wele pooled
separately and were freeze dried 3 to 4 times to remove salts.
Strong Alkali Extraction

KOH (24%) along with NaBH (0.1%) was applied to EPG digested cell walls
making the final concentration of walls approximately 10mg/ml. Tiigure was kept
overnight at room temperature with gentle stirring. The mixtuaie then centrifuged at

13,200 g for 15 mins and pellet was washed with water twice andfagett again at
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13,200 g for 15 mins. The supernatants were mixed together and nedtnalibe
concentrated glacial acetic acid to pH 5.5. After neutralizati@ntixture was desalted
by dialyzing the mixture overnight against water using membadmaolecular weight
cutoff of 12,000 to 14,000 (Spectrum Medical industries, Inc., Los AngelkeslUSA).
The supernatants were then ultra-filtered using 10 kD cutoff memlanrachevere then
freeze dried.
Endoglucanase digestion of EPG digested cell walls

EPG digested cell walls (300 mg) were suspended in 50 mM amma@cieiate
buffer (pH 5.2) bringing the final concentration to 10 mg/ml. XG djgeendoglucanase
enzyme (0.5 U) cloned froraspergillus nidulans from open reading frame AN 0452.2
expressed ifPichia pastoris was added to the mixture. Mixture was kept at@7or 24
hours with gentle stirring. After 24 hours the mixture was cegeduat 13,200 g for 15
mins. Pellets were washed twice with water and were itegegd at 13,200 g for 15
mins. Supernatants and pellets were pooled separately and veze dreed 2 to 3 times
to remove salts.
Formation of xyloglucan subunits using endoglucanase

Tamarind xyloglucan (127 mg) was suspended in 10 ml of 50 mM ammonium
acetate buffer pH 4.5. XG specific endoglucanase enzyme (1 U)Xdimme Aspergillus
nidulans from open reading frame AN 0452.2 expresseiiahia pastoris was applied to
mixture. The mixture was incubated at%7 for an hour and was incubated for 3 min in
boiling water to kill the enzyme. Mixture was then freezeddaad resuspended in 2 mi
of ammonium acetate buffer (pH 4.5). The resuspended mixture ac®irated using

gel filtration chromatography on Toyopearl HW-50S (Supelco Inc.lefdeite, PA,
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USA) packed in a 500 x 22.5 mm stainless steel column (Alltech assoc@tesiig 50
mM ammonium acetate buffer pH(5.2) with flow rate of 2 ml/min @mple eluted by
buffer was analyzed using a Shodex RI-71 refractive index. Fracvens collected
every minute using a Gilson Fraction collector and they weezédrdried 2 to 3 times to
remove salts. Peaks were analyzed by capillary zone electregh(@ZE). Then 1 mg
of dimers of repeat units of tamarind was labeled with 5 ul onapyrene-1,3,6-
trisulfonic acid (APTS 100 mM in 15% acetic acid ) along with 20ful M NaBHCN
(1 M in M&SO0) and heating the reaction mixture at®D for 1 hour. After heating
around 200 ul of water was added the mixture was fractionated usiogpdayHW-40S
(Supelco Inc., Bellefonte, PA, USA) packed in 150 x 10 mm stairde=sl column
(Alltech associates Inc) using a combination of 75% of 50 mivhanium acetate buffer
(pH 5.2) and 25% of acetonitrile with flow rate of 1 ml/min. The gleneluted by buffer
was monitored using a Shimadzu R-535 fluorescence HPLC detectotiofsawere
collected every minute. Peaks were collected and analyzed on QiEsiiigle and
double repeating units of oligosaccharides were collected and freeze dried (8)
Anion exchange chromatography

This technique was applied to separate neutral polysaccharides afrwhc
polysaccharides. Anion exchange columns such as PAl (22 x 250 mm & 9mn250
Carbo Pac, Dionex), DEAE (22.5 x 250 mm Poros 50 DEAE, Perspectivgs&os)
were used. The column was eluted with an increasing ammoniumeagetdient (3 min
hold at 30 mM, increased from 30 mM to 1 M over the next 37 min, andificc@ment
from 1 M to 2 M over the next 20 min) (pH 5.2) with flow rateSomin/ml or 2 ml/min

for the 9 mm column. A Sedex 55 evaporative light-scatteditgctor (S.E.D.E.R.E.
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France)was used to analyze 1/2%f the eluant, split by an analytical adjustable flow
splitter of Analytical Scientific Instruments.
Sugar composition analysis using Gas Liquid Chromatography (GLC)

Sugar compositions were examined using gas liquid chromatograplygisitd
trimethylsily methyl glycosides. Samples were methanolyered derivatized using the
method developed by Chaplin (1982) and modified by Komalavilas and Mort (6).

Approximately 100 pg of sample was weighed using a Cahn 29 eldatroba
(Instrument Group Walnut Creek division, Walnut Creek, CA, USA) and was cdllecte
4 ml glass vial having Teflon lined screw caps. Inositol (100 nma$) added to sample
as an internal standard and the mixture was dried in speed vacuumandat HCI (200
ul of 1.5 N) and methyl acetate (100 ul) were added to the vial. Bhevas properly
screw capped and kept at 80 for at least 3 hours or overnight. After heating, the vials
were cooled to room temperature and 4 to 6 dropgsbafanol were added to each vial.
Samples were then completely dried under nitrogen gas and &0fyglshly prepared
trimethylsilylating reagent was added to each vial. Triylstlylating reagent is 5:1:1 of
anhydrous pyridine (Sigma-Aldrich Inc, USA): hexamethyldisiteez (Sigma-Aldrich
Inc, USA): chlorotrimethylsilane (Sigma-Aldrich Inc, USA)hEd sample was derivatized
with trimethylsilylating reagent at room temperature for 16, rdried under nitrogen gas
and then resuspended in 50-100 pl of isooctane. Derivatized samplevdsig@parated
on Durabond-1 liquid phase fused silica capillary column (J & WrnBitie Inc., Rancho
Cordova, CA, USA) installed in a Varian 3300 & 3350 (Sunnyvale, CA, USAinple
was injected at 108C and oven temperature was held at 05or next 1 min, followed

by increase to 166C at a rate of 10C/min and held to 168C for next 4 min, then
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raised to 220°C at a rate of 2C/min, and final temperature to 24C at a rate of 10
°C/min. column was held to 244C for 10 min before returning to starting conditions.
Peaks obtained by the separation of the trimethylsilyl sueyaples were recorded and
integrated on an in house data acquisition system and custom iotegraigram (both
constructed by Dr. Jerry Merz).
Capillary Zone Electrophoresis (CZE)

Sample (25 pg) was labeled with 10 pl of 23 mM ANTS (3:17 vétia@&cid:
water) in the presence of 1 pl of 1 M NafH\ (1 M in MeSO) by heating at 88C for
1 hour (9). A custom built instrument having a laser-induced fluoresateetor was
used to examine the samples separated at 18 kV. The sample citate@xusing a
helium-cadmium laser and detection was done using an intensifiegeet@upled device
(ICCD) camera (10). The column used for separation of oligosadehanas a fused-
silica capillary (Polymicro Technologies, Phoenix, AZ, USA). MR, buffer (pH 2.5,
0.1 M) was used as a running buffer, and it was also used to mmsapillary between
runs. Buffer and sample was injected into the capillary by graviven flow for 10-12
seconds. 18 kV was applied across the electrophoretic system wigereathode
(negative electrode) was placed on the injection side.

Samples were also derivatized using 8-aminopyrene-1,3,6-trisuioidAPTS
100 mM in 15% acetic acid ) along with 1 M NagEN (1 M in MeSO) and heating the
reaction mixture at 88C for 1 hour. These samples were analyzed using a BioFocus
2000 (Bio-Rad Laboratories) capillary electrophoresis systath enhanced laser-
induced fluorescence detector. Column used for oligosaccharidetgaparas similar to

the one used in custom built instrument (a fused-silica capiiaity 50 pum internal
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diameter and 31 cm in length). Helium pressure (4.5 psi) was apphe@dt the sample
at the cathode end (negative electrode). A voltage of 15 kV/70-100 |sAapg@lied
across the electrophoretic system and system was maintaigéd@ NaHPO, buffer
(pH2.5, 0.1 M) was used as a running buffer and 1 M NaOH was usethdimg the
capillary after each injection to prevent the carryover of samiphbeled oligomeric
samples were excited at 488 nm and emission spectra weeetedllusing a 520 nm
band pass filter (11).
MALDI-TOF MS

Samples were dissolved in water making the final concentration apyateky 10
po/ul. 2,5-dinydroxybenzoic acidissolved in MeOH/water (65% + 35% v/v) bringing
the final concentration 10 mg/ml was used as a matrix. M&R5 pl) and samples
(0.25 pul) were spotted on the 96 well plate used for MALDITOF-MSltddaxtrin (10
mg/ml) was used as a standard for the calibration. Speet abtained in the positive
ion mode using a Voyager DE-PRO (Applied Biosystems) MALDI-TOF MS (8).
NMR spectroscopy

Sample digested with different enzymes were freeze dried aadleid in RO.
1H NMR spectra of these samples was recorded using eitheman\Unity Inova 400 or
600 NMR spectrometer.

RESULTS

Isolation of XG-RG complex by EPG digestion and KOH extraction

Figure 2.1 illustrates the scheme used for the sequential extracticsoatbn of
the XG-RG complex from intact cell walls by EPG digestiod &OH extraction. One

gram of cell walls (OK1.2 denoted as green cells and AcalaeAdted as white cells)
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was digested by 15 units of EPG enzyme (cloned). Extensiveidigést EPG results in
solubilization of around 30% by weight of green cells and 15% by weighhite cells

in water. When the sugar composition of EPG soluble fraction walyzaad results
showed the presence of galA probably in the form of monomer, dimer iamet in
higher amounts along with complex pectic component RG Il and rhanmicbspectic
component RG | in a very small amount. The soluble fraction had doxergmount of
xylose, but it does show the presence of fucose, galactose and gluntogexyiloglucan
being linked to acidic sugars (Table 2.1). Treatment with strikad) §24% KOH) along
with 0.1% NaBH the residual part of EPG digests solubilizes around 30-35% by weight
of white and green cell walls, which is actually around 25%hef dtarting cell wall
material. The solubilized fractions consists of unlinked XG, XG binkgh RG I, XGA,
xylan, arabinose, and starch which precipitates when the alkiaficeed complex is
dissolved in water before injecting on the anion exchange columneahl The
presence of starch was detected ustid\MR spectra (Inova 400 NMR spectrometer)
and was indicated by a high amount of glucose joinedoly4 linkages. The
unsolubilized fraction of EPG digest and strong alkali extracs \weedominantly
cellulose.

We examined the hypothesis proposed by Keegstra et al. thatisheress-
linkage between xyloglucan and pectins in the sycamore cqiessi®n cultures (1).
Cotton suspension cell cultures were used for this study and theinesipil data
showed cross-linkage between xyloglucan and pectins is probable.trohg slkali
extract was chromatographed on 2 different anion exchange columnsl#biors of the

XG-RG complex. First it was chromatographed on a DEAE porousikl@h exchange
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column using an ammonium acetate gradient and evaporative ligtdrscptdetector.
Figure 2.2 shows the chromatogram obtained by the fractionation ofdigfe&ed and
KOH extracted cell wall on DEAE column. The sugar composition péaks (A-1, A-2,
A-3) obtained by fractionating the strong alkali extractcell wall on DEAE column
were analyze and given in Table 2.2. A-1, the unadsorbed fraction preddlyi
contains neutral sugars eluted with 0.03 M NEl buffer (pH 5.2) showed the presence
of glucose in higher percentage along with xyloglucan. A-2ibmactveak acidic sugars
eluted with 0.5 M NHAc buffer (pH 5.2) was composed of mostly xylans. This fraction
was low in quantity and accounted for 2-5% of the total extract. &ci8lic fraction,
eluted with 1 M NHAc buffer (pH 5.2) and showed the combination of xyloglucan, RG |
and XGA. The presence of xylose and glucose along with galactosacase in lesser
amount illustrated the presence of xyloglucan. Presence of rharandsgalacturonic
acid illustrated the presence of RG |. XGA was seen closslycaated with RG | (XGA
is a modified HG and EPG resistant pectic component) (12).

The adsorbed peak A-3 from the DEAE column was again fractionategl ais
PA1 anion exchange column. The use of two different anion exchange codliped in
getting rid of unlinked xyloglucan and other neutral sugessfthe XG-RG complex.
The basic difference between these two columns is that DEAEnools made up of
porous material and large amount of samples can be applied on igast®Al column
is made up of non porous beads and has higher resolution as compared tocd\EAE
Hence refractionation of A-3 peak would give us well isolated XGde@plex along
with XGA. Figure 2.3 shows the chromatogram obtained by réfreating the A-3 peak

on the PA1 column. The unadsorbed peak B-1 eluted with 0.03 M&blffer (pH 5.2)
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shows the presence of xyloglucan analyzed by sugar analysispddsaccounts for
only a little material as compared to the adsorbed peak, B-4. Beaksd B-3 eluted at
around 0.25-0.30 M NiAc buffer (pH 5.2) showed very little amount of sugars (like
arabinoxylan and arabinose containing polymers (e.g. extensin) and pnadyably
mostly salt. The sugar composition indicated mostly arabinoxyldnasabinose. The
peak eluted with 1-1.5 MNJAc buffer (pH 5.2) gave a crooked shape peak but the sugar
composition indicated the presence of XG, RG | and XGA. Figure 2.3 sslaow
combination of 3 peaks (B-4, B-5, and B-6), because the sugar compositdintioé
peaks eluted adjacent to each other were similar expect éhgéatks had a higher galA
content as they were more acidic in nature and the later aelagkried out with higher
molarity of buffer. (Refer Table 2.3 for detailed sugar compositiopeaks obtained on
PA1 column). If we take into account the recovery of glucosei@ske present in the
adsorbed peak as compared to strong alkali extract, we foumakstahalf of it is
recovered, which gives us the clear indication of xyloglucan beiagent in adsorbed
peak. We considered only the recovery of glucose or fucose becdose agd galactose
are present in other polymers also. The chromatographic pattggesss xyloglucan
being associated with an acidic polymer such as RG I, as it turtie anion exchange
column and elutes out later with higher molar concentration of buffer.
Detection of xyloglucan by endoglucanase assay

The presence of xyloglucan in the adsorbed and unadsorbed fractidiBAdt
and PA 1 anion exchange column was illustrated by endoglucanase assay. Itbebas
shown that endoglucanase can digest cotton xyloglucan (13). Eacfrgsadn (A-1, A-

3, B-1, B-4) was digested by endoglucanase enzyme and the produoed fby
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digestion were derivatized with ANTS and analyzed by capikdegtrophoresis using
the custom built instrument. Single and double repeating units of oljwsade formed
by digesting tamarind xyloglucan by endoglucanase were ussthardards. Figure 2.4
shows the comparative study between the electropherograms dltgitteese adsorbed
and unadsorbed peaks compared to the tamarind xyloglucan subunits.
EPG-Endoglucanase digestion

Previously it has reported in some cases that the XG and &k®Bgether in EPG
predigested cell walls. To illustrate this we tried endoglucaresatment on EPG
predigested cell walls (scheme explained in figure 2.5). From 3068f lBBG predigested
cell walls around 50% was solubilized and fractionated on PA1 ardraege column.
Fractionation gave 5 peaks (C-1, C-2, C-3, C-4 and C-5) which werezaddly ANTS
labeling and CZE and GC analysis of their sugar composition. TaHélegives the
detailed sugar composition of each peak and figure 2.6 shows theo@hectgrams
obtained by each peak of EPG-EG digest separated on PA1l colummndtisorbed
peak C-1 eluted with 0.03M NJAc buffer (pH 5.2) mainly consisted of XG fragments
which was shown by the electropherograms obtained by capillecyraphoresis and
also by sugar composition. The XG subunits formed in peak C1 Isera@alyzed using
MALDI-TOF MS. It showed similar peaks to tamarind XG such a8Xi&, XXLG,
XLXG, and XLLG along with few more like XXFG and XLFG. Peaksabéd in MS
spectra (figure 2.7) were analyzed and assigned the subunit dependiregmass of the
peak as follows: peak with m/z 1085 XXXG, peak with m/z 1247 has 2 passsoil
XXLG and XLXG, peak with m/z 1393 XXFG, peak with m/z 1409 XXLG andlpe

with m/z 1555 XLFG (6). Peak C-2 and C-3 eluted with 0.7 M and 0.75 AN Huffer
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(pH 5.2) mainly consists of galA dimer and trimer respectivedyakRC-4 and C-5 eluted
with 1 M and 1.4 M NHAc buffer (pH 5.2) mainly consists of RG along with traces of
XG indicated by the presence of small amounts of fucose. a& samposition of peak
C-4 and C-5 showed RG being released by endoglucanase digestioenardllustrates
the possibility that part of RG is interconnected to the XGeRegure 2.5 for scheme of
EPG-EG extraction, figure 2.6 for electropherograms obtainecdly geak labeled with
ANTS and Table 2.4 for the detailed sugar composition of each peak.

The 50% unsolubilized part was further extracted with strokaigl4% KOH
along with 0.1 NaBk) and fractionated on DEAE column giving XG in unadsorbed peak
and RG along with traces of XG in adsorbed peak. The presence of X&adsorbed
and adsorbed fraction hinted at the possibility of XG remaining yigigsociated with
cellulose microfibrils and being inaccessible to the enzynagtiradation. The presence
of RG shows the chances of it being linked to XG associated elitiiase, or may be to
some other insoluble material such as extensin.

DISCUSSION

It is well established that 24% KOH extraction is one of th@ventional methods used
to break the strong hydrogen bond present within XG and cellulose @&\ingwthe
cellulose microfibrils and resulting in the extraction of X®nfr the cell walls (14).
Lower concentration of KOH like 4% and 10% were tried and tested@extraction
from Pea suspension cell wall, but it was found to be inefficenXG extraction from
the pea cell walls (15). Chelating agents such as CDTA, Eau& been used to extract
HGs bounded by calcium. But all these methods failed to extrackG present in cell

wall when they were used alone or even in combination. It wasisgerse suspension
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cell walls, that when chelating agents were used in combinatitin strong alkali
extraction nearly half of the XG from the original wall and omerth pectic acids were
extracted (16).

In the case of cotton cell walls we have seen that EPG digestion fdllmn@4 %
KOH extraction solubilizes almost 90% of total XG and pectimponents. One
possibility for the success of this scheme is that EPG digestBlG pectic component
and allows the extraction of XG linked RG by strong alkali. Remo¥aHG pectic
component reduces the chances of any kind of bond formation like mahridges
creating the physical entanglement or HG connecting RG | rgaube hindrance in
solubilization of other wall polymers and hence making the whole conpdekuble by
alkali solution. We have seen two types of XG in cotton cell walinkedl XG and RG
linked XG. Nearly half of XG is unlinked and can be removed in the onlaed peak
during fractionation on DEAE and PA1 anion exchange columns (A-1 and &idar
composition of both the peaks shows the presence of xylose, glucosee fand
galactose- the characteristic sugar combination of XG. Thedes pdong with the linked
XG (adsorbed peaks having XG) when analyzed on CZE after emdoglse digestion
and compared with tamarind xyloglucan subunits show the presence athe
subunits. One gm of intact cell wall yields around 60 mg of the X3Sd@mplex.
Although strong alkali extraction is a very harsh treatment XiGeRG complex was
intact when extracted. Hence it shows that the XG-RG complek maus a very strong
bond within them such as glycosidic bonds. Endoglucanase digestion of Edgz gted
cell walls released around two thirds of the total RG and ofiomers, where as

remaining one third of RG and some of XG was extracted usioggsaikali. If RG was
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not linked to XG but was just stuck to XG physically, endoglucatrasément would not
have liberated RG fragment by cleaving the XG fragment. Thesdts illustrate the
possibility of covalent linkage between XG and RG.
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Figure 2.1 Flow chart of scheme used for sequential extractioof XG-RG complex
from intact cell walls.
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Figure 2.2 EPG digested and KOH extracted cell wall fractionad on DEAE anion

exchange column.
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Table 2.1 Sugar compositions of fractions obtained during EPG and KOH

extraction.

Name of Intact cell | EPG(S) | EPG (R) | KOH (S) KOH (GCS)
the sugar | wall(GCS) | (GCS) (GCG) (GCS) Mole%
Mole% Mole% Mole% Mole%

Ara 12.6 8.7 12.7 11.5 16.5
Rha 54 4.4 5.2 55 9.1
Fuc 1.8 0.7 2.1 2.2 3.2
Xyl 10.6 3.8 12.0 12.7 20.0
GalA 20.1 60.4 16.6 14.8 13.3
Man 0.5 1.5 0.6 0.2 0.2
Gal 9.0 134 8.4 94 14.4
Glc 40.0 7.1 42.2 43.8 235
Name of Intact cell | EPG(S) | EPG (R) KOH (S) KOH (WCS)
the sugar | wall(WCS) | (WCS) (WCS) (WCS) Mole%
Mole% Mole% Mole% Mole%
Ara 16.0 10.0 13.4 13.6 17.4
Rha 6.3 5.2 4.9 6.2 10.0
Fuc 1.3 0.7 0.9 1.3 1.8
Xyl 10.1 4.5 10.1 114 16.2
GalA 18.7 56.2 13.7 17.8 21.0
Man 0.4 1.4 0.8 0.2 0.3
Gal 7.9 13.9 7.5 8.4 14.0
Glc 39.4 8.3 48.8 41.1 18.8

Mole%: molar percentage of sugars accounted for in the GLC analysis.

GCS: Green cell walls (OK1.2) WCS: White cell walls (Acala 44)

S: soluble fraction R: residual fraction
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Table 2.2 Sugar compositions of EPG digested and KOH extracted cell wall on

DEAE column
Name of | A-1GCS | A-2GCS | A-3GCS | A-1WCS | A-2WCS | A-3WCS
the Mole% Mole% Mole% Mole% Mole% Mole%
sugar
Ara 13.7 15.0 14.9 15.5 16.8 15.7
Rha n.d 2.7 12.3 n.d 2.9 12.6
Fuc 4.5 0.8 2.7 4.1 1.3 2.8
Xyl 22.6 38.6 12.0 21.5 35.8 11.7
GalA n.d 12.4 34.4 n.d 12.0 35.2
Gal 13.8 12.3 15.1 11.6 13.8 14.2
Glc 44.8 18.2 8.6 47.1 17.4 7.6

Mole%: molar percentage of sugars accounted for in the GLC analysis.

GCS: Green Cell walls (OK1.2)

WCS: White Cell walls (Acala 44)
n.d: not detected
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Figure 2.3 Refraction of the DEAE adsorbed peak EPG digested and KOH
extracted on PA1 anion exchange column.
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Table 2.3 Sugar compositions of refractionation of adsorbed DEAE peak on PAl
anion exchange column.

Name | B-1GCS | B-2GCS| B-3 GCS | B-4 GCS | B-5 GCS | B-6 GCS | XG-RG
ofthe | Mole% | Mole% | Mole% Mole% | Mole% | Mole% | Complex
sugar ( B4, BS5,
B6)
Ara 9.6 19.1 18.3 17.3 14.5 7.1 14.6
Rha 0.5 2.9 1.8 14.5 14.2 7.3 12.8
Fuc 51 1.9 1.3 3.1 2.1 0.8 25
Xyl 29.1 36.3 31.9 174 15.0 6.8 12.8
GalA n.d 7.3 10.9 20.3 32.2 63.3 35.9
Gal 12.3 17.4 22.2 18.7 14.2 11.6 13.8
Glc 43.5 15.1 13.6 8.7 7.8 3.5 7.4
Name | BIWCS | B2WCS | BS3WCS | B4 WCS | B5WCS | B6 WCS | XG-RG
ofthe | Mole% | Mole% | Mole% | Mole% Mole% | Mole% | Complex
sugar ( B4, BS5,
B6)
Ara 10.4 28.1 27.4 21.4 17.4 16 16.8
Rha 0.2 14 4.2 12.8 15.8 12.3 14.3
Fuc 4.7 1.3 1.6 3.3 2.1 1.3 2.0
Xyl 30.3 35.6 32.5 12.4 135 9.8 12.7
GalA n.d 7.1 12.0 19.8 29.5 40.6 335
Gal 9.5 15.8 13.8 22.5 16.9 15.8 14.3
Glc 44.9 10.7 8.5 7.8 54 4.2 6.4

Mole%: molar percentage of sugars accounted for in the GLC analysis.

GCS: Green cell walls (OK1.2) WCS: White cell walls (Acala 44)

n.d: not detected
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Figure 2.4 Electropherograms of ANTS labeled XG subunits ohkined by the endoglucanase
digestion of Tamarind XG, Unlinked XG and RG linked XG oltained by DEAE and PAl
anion exchange column.
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Figure 2.5 Flow chart of scheme used for EPG-EG extraction
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Figure 2.6 Electropherograms of peaks obtained by endoglucanasadstion of EPG
pretreated cell walls. C-1 shows XG subunits, C-2 showsnakers of galA, C-3 shows
trimers of galA and C- 5 shows no XG subunits.
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Table 2.4 Sugar composition of EPG pretreated cell walls solubilized by

endoglucanase and fractionated on PA1 column.

Name of the | C-1 C-2 C-3 C-4 C-5
sugar Mole% | Mole% | Mole% | Mole% | Mole%
Ara 14 2.1 5.9 20.1 18.8
Rha n.d n.d n.d 9.4 17.7
Fuc 6 0.5 1.3 0.6 0.9
Xyl 37.3 3.3 8.1 4.0 8.8
GalA 1.8 83.7 65.6 47.2 35.3
Gal 9.9 6.8 12.4 14 16.1
Glc 43.6 3.6 6.7 4.7 24

Mole%: molar percentage of sugars accounted for in the GLC analysis.

n.d: not detected

48




% Intensity

Voyager Spec #1[BP = 1393.6, 13549]

- LAE+4

100+ 1393.5677
90
XXXG
1085.3927
0. 1394.5727
XXLG
XLXG
704
1247.4567
60-1 XLFG
1555.6073
497.1362 1556.6371
1086.4046
40+ 1395.5266
1248.4690 1409.5279
301 659.1806
1087.4196
953.3121 1258.0298
207 791.2450 | 1418.5063
821.2931 1088.4097 249.4488 1557.6373
498.1570 687.2713 ’
954.3377 1101.3841 1571.5577
| . 6572468 739.3263 | 844.2177 ) Osi|5733 1261.5273
10 4043.%9609 5_533 576.227 1 d “{" 9 | 8181004880 6154 .“‘“ o 7 khds ~ 1171.067R11262.97311 344 4 86.8233
VTN 0 ot fpnmm Y R T NN S A A 78539
[of; T T T 0
400 660 920 1180 1700

Mass (m/z)

Figure 2.7 MALDI-TOF MS spectra of peak C1 formed by EPG-EG digesepathted on PA1 column
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CHAPTER 3
ENZYMATIC DEGRADATION OF THE XG-RG COMPLEX

INTRODUCTION

To have a better understanding about the structural complexity amddegteity
of pectic polysaccharide, characterization of the linkages betifee pectic regions as
well as to other polysaccharides present in primary cellswa very crucial. To
characterize the crosslink one needs to first isolate anccekieaXG-RG complex from
the intact cell walls without destroying the crosslink presdttiin the complex. After
isolation, application of cloned enzymes having high specificity walddrade the
crosslink of the complex releasing the smaller pectic fragsnefor further
characterization using mass spectrometry and NMR. Chemical angmainz
degradation are extensively used in investigating the celllwkiges and structures. A
chemical method such as partial acid hydrolysis in combinatioin MPLC releases
smaller oligomers for further characterization by NMR andg$spectrometry. But this
method is less preferred over enzymatic degradation becaas&stdpecificity towards
one type of glycosidic linkages releasing complex products whictiffiailt for further
characterization. Cloned enzymes are pure and have a unique aativétyparticular
substrate. Commercial enzymes are, at best of questionable @mi#yalso needs to
remember that to isolate and characterize the desired nkogsiesent within the

complex an adequate amount of starting material is required. Tstigate the crosslink
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between the XG-RG complex, a series of enzymes including aratasesarabinanase,
endoglucanase were used. Arabinosidase removes the arabinosyl sdegravhereas,
arabinanase degrades linear regions-@f5 linked arabinan. Both these enzymes play
key role in identifying the proposed arabinan or arabinogalactan lirdetgeen the XG-
RG complex (1). Endoglucanase degrades the xyloglucan polymewubuais such as
XXXG, XXLG, XXFG, and XLFG (2). It has been proven in previous chaphbat
endoglucanase digestion cleaves the XG releasing RG indjctta possibility of
covalent linkage between the XG-RG complex. Figure 3.1 shows tiemscof the
sequential use of each enzyme for investigating the crosslink betweerGX®Rplex.
MATERIALS AND METHODS

Arabinosidase

Arabinosidase ow-L-arabinofuranosidaskelongs to glycoside hydrolase family
GH62 which characteristically hydrolyses the glycosidic bond$ o-L-
arabinofuranosides (Figure 3.2a). This enzyme was cloned Aspergillus nidulans
open reading frame AN1571.2 and expressdeighia pastoris (3).

Enzymatic Digestion of XG-RG complex with arabinosidase

Approximately 100 mg of XG-RG complex was suspended in 50 miANHuffer (pH

5.2) making the final concentration to 10 mg/ml and was incubatedwittd of purified
arabinosidase at 3T for 24 hours. One hundred milligram of the complex contains
around 106 pmole of arabinose and 0.3 U of arabinosidase is sufficiergesi @dD6
pmole in 6 hours. After 24 hours the reaction mixture was hea@@ax for 15 min to
inactivate the enzyme and sample was freeze dried. During4theur of digestion,
aliquots of 5 pl were collected at every 2 hour and 2 pl wasadeked with ANTS to

determine the progress and completion of the reaction by monitoring the dheratree
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arabinose compared with cellobiose as internal standard usincacagiléctrophoresis
(results not shown).

Three hundred microgram of the APTS labeled double repeat units of
oligosaccharide obtained from tamarind xyloglucan were incubaidd @01 U of
arabinosidase at S€. Aliquots were collected after 15 mins, 1 hour, 2 hour, 4 hour and
enzyme was inactivated by heating aP@0for 10 mins. Samples were then analyzed
using the automated CZE.

Arabinanase

Endo-1,5«-L-arabinanasebelongs to glycoside hydrolase family GH43 which
characteristically hydrolyses thel-5 linked arabinofuranosidic bonds present in pectic
arabinans (Figure 3.2b) (4). This enzyme was cloned from the hywediailic
bacterium Thermotoga petrophila open reading frame Tpet0637.1 and expressed in
Escherichia coli. This protein was insoluble wheB. coli grew at 37C and hence
purification was difficult. Literature has many such examplessdluble proteins which
can be recovered as a soluble form by slowing down the expresstbatghe proteins
get sufficient time to fold correctly. This can be done by indydime expression at
comparatively low temperature for a longer period of time. Wspaotein was induced
at 37°C and was grown for around 4 hours. We tried inducing the expressioiGaf@0
8 hours. Cells were lysed and analyzed on SDS-PAGE, which ilkdtmbtein was
soluble.

Purification of arabinanase enzyme
Cells were harvested by centrifuging the 150 ml cultur&0z000 g for 30 mins

and were washed thoroughly and further purified using Qiagen protocol modified by
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Roberts Matts (5). Harvested cells were resuspended in arpiyse buffer (0.40 ml
1M Tris pH8, 1.20 mI 5 M NaCl, 0.160 ml PMSF, 0.40 ml PIC, 17.8 m| degzhwater)
and 26 mg lysozyme was added to the cells. Bottle containingghspended cells was
kept stirring in cold room for an hour. Secondary lysis buffer (1.28 hITris pH 8,
0.128 ml 1 M MgC} 32 mg DNAase, 0.51 ml PMSF, 0.065 ml PIC, 59.5 ml deionized
water) was added to the bottle and was kept stirring for 30 mmams. Solution was then
sonicated for 4 to 6 mins with regular interval of 30 sec and 2.18 ;oM NaCl/ 26 ml
final volume and 1.45 ml imidazole elution buffer/ 26 ml final volumeersdded and
centrifuged at 10,000 g for 30 mins. Supernatant was applied?6ncNelating affinity
media packed in a 100 mm x 9 mm stainless steel column (Ni ssph@ufast flow resin
from GE Healthcare, Piscataway, NJ, USA). Column was paskddwashed with
imidazole wash buffer (50 mM Tris (pH 8), 300 mM NaCl, 15 mMdazole, (pH 8).
The solution was pumped and was bound to the column and the flow through solution
was collected. After binding the column was washed with 25 ml of imidazole bvdfer
followed by 20 ml of wash buffer without imidazole, and later witltieh buffer at a
flow rate of 1 ml per min. (50 mM Tris (pH 8), 300 mM NacCl, 250 nrMdazole, (pH
8). Fractions were collected at every 0.5 ml and were monitoredWy detector. The
purified protein sample was concentrated to 20 mg/ml using cegriters (Millipore).
The purified protein was further analyzed on 10% SDS-PAGE gelstaided with
Commassie blue.
Enzyme activity assay

DNS (dinitrosalicyclic acid reagent) method which determinesatimeunt of

reducing sugar formed from various polysaccharide substrates a@soudetermine the
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activity of arabinanase (6). Twenty microlitre of substrate @eranched arabinan in
buffer) and 20 ul of 50 mM NiAc (pH 5.2) was incubated with 10 pl of arabinanase at
80°C for 30 min. DNS reagent (40 pl) was added and then boiled 8€100 5 min to
stop the reaction. Color change produced by the reaction was medshf6chan using a
micro plate reader (InfiniteM200, TECAN, Switzerland) (7). A staddeurve was
prepared using Arabinose. Enzyme activity was defined in termsits/tdl which was
calculated depending on the amount of enzyme required to liberatengdugar at rate
of 1 pmol/min. Activity of enzyme was also monitored by CZEneOhundred
micrograms of debranched arabinan was incubated for diffene@tiitervals, 15 mins, 1
hour, 2 hour and 4 hour with 5 ul of arabinanase and then aliquots were lafteled
APTS.
Enzymatic Digestion of XG-RG complex with arabinanase

Approximately 100 mg of XG-RG complex treated with arabinosidas® a
fractionated on PA1 column, was suspended in 50 mMAHbuffer (pH 5.2) bringing
the final concentration to 10 mg/ml and was incubated with 0.2 U dfqzldrabinanase
at 80°C for 24 hours. One hundred milligrams of the complex contains around 94 pmole
of arabinose and 0.2 U of arabinanase is sufficient to digest 94 umole in 8 hoer24Af
hours, the reaction mixture was incubated a@@o inactivate the enzyme and the
sample was freeze dried. To test the ability of the enzgndegrade XG, three hundred
microgram of the APTS labeled double repeat units of oligosacchabi@dened from
tamarind xyloglucan was incubated with 0.05 U arabinanase °&. 8Q\liquots were

collected after 15 mins, 1 hour, 2 hour and 4 hour respectively and enawas
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inactivated by incubating samples at 220for 20 min. Samples were then analyzed
using the automated CZE. (Figure 3.2 shows the electropherograms obtained).
MALDI-TOF MS

Samples were dissolved in water brining the final concentratioppimaimately
10 pg/ul. 2,5-dihydroxybenzoic acidissolved in MeOH/water (65% + 35% v/v)
bringing the final concentration to 10 mg/ml was used as axnadtie matrix (0.25 pl)
and samples (0.25 pl) were spotted on the 96 wall plate used for MDD MS.
Maltodextrin (10 mg/ml) was used as a standard for making &hbration while
analyzing the sample. Spectra were obtained in the positive ion nsotg a Voyager
matrix-assisted laser desorption time of flight mass spectrometer.
NMR spectroscopy

Samples digested with different enzymes were freeze driedissmlved in RO.
1H NMR spectra of these samples were recorded using eitarian Unity Inova 400
or 600 NMR spectrometers.

For Anion exchange chromatography, capillary electrophoresis, gas
chromatography for sugar composition, ANTS and APTS derivatizationated@ter 2.

RESULTS

Digestion of XG-RG complex with Arabinosidase

Arabinosidase treatment on the APTS labeled double repeats of otibasde
obtained from tamarind XG was done to examine the specificithefenzyme. The
electropherograms obtained from reaction mixture aliquots ofreifteime points did
not show any significant change in the structure of double regagtgd 3.2 shows the

comparative results of Tamarind XG treated with various enzynié® quantity of
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enzyme applied on the substrate was sufficient to show the etizyantvity within 2
hours. The experimental evidence proved the inactivity of enzyme®rmarXl assured
that it does not digest XG present in the complex even afte@nged incubation time.
Action of arabinosidase on the complex was closely monitored byctofiealiquots
from the reaction mixture at every 2 hours and examining theilaegmtogress by the
liberation of free arabinose formed by the enzyme on CZE. The Np#Rtra of intact
XG-RG complex, when compared with the one treated with enzyme, shtheed
significant reduction in arabinosyl side chains. The loss of petaksl@ ppm and 5.12
ppm corresponding to t-arabinofuranose and 3, 5-linked arabinofuranosetéigtra
efficiency of the enzyme towards the degradation of arabinasylchains present in the
complex. XG-RG complex treated with enzyme was heated°&t &6 about 15-20 mins
to inactivate the enzyme and was later freeze dried and rediogrmagghed on a PA1l
column generating 6 peaks (D-1 to D-6) (refer figure 3.3). Unadsonbakl P-1 eluted
with 0.03 M NHAc buffer (pH 5.2) mainly consisted arabinose (approx. 40% of thle tota
fraction weight) along with XG in small quantity. The peak accotmt about 10-12%
of the total weight of the sample. Peak D-2 eluted with 0.25 MAdHbuffer (pH 5.2)
was mostly salt with very low quantity of sugars in it. Peak,D-4, D-5, D-6 eluted
from 0.65 M to 1.3 M NHAc buffer (pH 5.2) consisted of RG | along with XG and
XGA. Sugar composition of these peaks is similar but it differs in galéepésige. These
peaks show the presence of XG illustrated by the presence of falwdsgalactose, and
RG I illustrated by the presence of rhamnose and galactumomc For our convenience
we mixed all of them and labeled those as XG-RG complex #fterarabinosidase

treatment (refer table 3.1 for detailed sugar composition af paak obtained on PAl
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column). The unadsorbed and adsorbed peaks (D-1, D-3, D-4, D-5, and D-6leatyé t
with endoglucanase and were analyzed on CZE after ANTS labElegfropherograms
obtained for these samples were compared with those of the subutateasfnd XG,
and results showed the presence of similar XG subunits. The adsorlked/geealso
analyzed using MALDI-TOF MS. It showed the similar peaks toatand XG such as
XXXG, XXLG, XLXG, and XLLG along with XXFG and XLFG. Peak obted in MS
spectra (figure 3.4) were analyzed and assigned to a subunitegpeding on the mass
of the peak as follows: peak with m/z 1085- XXXG, peak with 247 has 2
possibilities XXLG and XLXG, peak with m/z 1393- XXFG, peak witlz 1409-XXLG
and peak with m/z 1555-XLFG (8). These results were simildraset obtained for peak
C1 obtained by EPG-EG digestion (figure 2.7). The spectra alsoeshovany other
peaks with different masses which were hard to assign.
Digestion of arabinosidase treated XG-RG complex with arabinanase

Arabinanase treatment on the APTS labeled double repeat olhesae
obtained from tamarind XG was done to examine the specificittyeofrabinanase. The
electropherograms obtained from the reaction mixture aliquots fefeft time points
did not show any significant change in the structure of the doebkats (Figure 3.2).
The quantity of enzyme applied on the substrate was sufficiestiaew the enzymatic
activity within 2 hours. The experimental evidence proved that it daedigest the XG
present in the complex even after prolonged incubation time. Conaidebranched
arabinan, on treatment with arabinanase, formed dimer, trimer and tetnaibseshowing
the efficiency of arabinanase to cleave &h&-5 linked arabinan releasing smaller units.

After the arabinanase treatment, the XG-RG complex samplénasated at -2C for
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30 mins to inactivate the enzyme, was freeze dried, and reclognahhed on PA1l
column giving 5 different peaks (E-1 to E-5)( figure3.5). The unaésiopeak E-1 eluted
with 0.03 M NHAc buffer (pH 5.2) is mostly XG based on sugar composition,
endoglucanase assay and manual CZE. Presence of XG in the unagsadoéa high
percentage indicates arabinan does link XG and RG |. Peak E1 amaéyred using
MALDI-TOF MS after endoglucanase digestion, the spectra mddaidid show the
presence of cotton XG subunits. Peaks obtained in MS spectra @iglineere analyzed
and assigned to a subunit type depending on the mass of the pedkves fodak with
m/z 1085-XXXG, peak with m/z 1247 has 2 possibilities XXLG and XLXGkpeith
m/z 1393-XXFG, peak with m/z 1409-XXLG and peak with m/z 1555 XI(BYs Peak
E-2 eluted at 0.25 M was mostly salts and had a very low amouungaf ® it. Peaks E-
3 to E-5 eluted with 0.6 M to 1.3 M NAc buffer (pH 5.2) mainly consisted of RG in it
with very low amounts of XG. All these 3 peaks showed similarrsugecept varying
galA content. Adsorbed peaks (i.e. E3 to E5) had minor amounts of X&) they were
treated with endoglucanase and analyzed on CZE. But it was mateteby MALDI-
TOF MS.

DISCUSSION
Sequential use of cloned enzymes with high specificity on the ®B&dmplex did show
results which point to the crosslink between the XG and RG lieinggh a branched,
1-5 linked arabinan. Treatment of the XG-RG with arabinosidase dimsation of free
arabinose as one would expect for this enzyme, cleaving the tearatgnose braches
from branched arabinan. The specificity of enzyme was crossima@iny applying it on

APTS labeled double repeats of tamarind XG. Even after a prolonggiation period,
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the enzyme did not show any significant effect on the tamarindidithle repeats. The
release of a little XG found in the unadsorbed peak D-1 on treatnidnanabinosidase
is not the outcome of the enzymatic degradation, but the XG ingliteesome XG has
a non covalent cross-linkage to the pectic region. MALDI-TOF MSG@aE shows the
presence XG subunits in the XG-RG complex treated with arabinesidasther
treatment of this pretreated XG-RG complex with arabinaslaseed the dissociation of
much of the XG from RG. The arabinanase enzyme cleaves thaain@rabinan
linkages, present between the polymers. The results obtained lhyas@se treatment
did show the dissociation of XG from RG and generation of free revsbi and
arabinobiose. The experimental evidence illustrates the remosignaficant amount of
XG from RG, justifying our hypothesis of arabinan being a majoss-linkage between
the XG and RG I|. Use of some more cloned enzymes such as gatasta
xylogalacturonase, and rhamnogalacturonase will give us moresdetaithe linkage
structures. By using galactanase enzyme we could check thebiltysof an
arabinogalactan also being a cross-link as proposed in the Kestgstrglant cell wall
model.
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Figure 3.1 Flowchart illustrating the sequential degradation of XG-RG complex

with enzymes like arabinosidase and arabinanase.

Isolated XG-RG complex

Arabinosidase treatment af’g7
l l & separated on PA1 column

Unadsorbed Adsorbed
fraction (ara, XG)fraction (XG-RG complex)

l Arabinanase treatment at %D

l l & separated on Pal column
Unadsorbed Adsorbed
fraction fraction
(Mostly XG) (RG with XG in less amount, and XGA)
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Figure 3.2a Schematic representation of arabinosidase activity on RG |.
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Figure 3.2b Schematic representation of arabinanase activity on RG |I.
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Figure 3.3 Electropherograms obtained by APTS labeled fragins of Tamarind XG double

repeats treated with Endoglucanase, Arabinosidase and Abinanase.
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Figure: 3.4 Separation of the XG-RG complex digested with Aabinosidase on a

PA1 column.
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Table 3.1 Sugar compositions of peaks obtained by digestion of XG-RG complex

with arabinosidase

Name | D-1 D-2 D-3 D-4 D-5 D-6 XG-RG
ofthe |GCS |GCS |GCS GCS GCS | Gcs Complex
sugar | Mole% | vole% | Mole% | Mole% | Mole% | Mole%s | (D4, D5,
D6, D7)
Ara 45.2 7.8 9.9 12.3 8.5 5.9 9.3
Rha n.d 4.1 10.5 17.7 19.1 11.1 14.3
Fuc 35 15 1.3 0.5 0.7 0.8 14
Xyl 18.3 10.6 6.3 7.5 8.7 7.9 9.2
GalA n.d 14.3 36.1 38.2 43.0 57.7 45.3
Man 1.7 22.5 0.8 0.4 0.2 0.1 0.2
Gal 11.3 20.8 13.6 19.6 16.4 8.6 15.5
Glc 20 18.6 215 3.8 4.1 8 4.8
Name | D-1 D-2 D-3 D-4 D-5 D-6 XG-RG
ofthe |WCS |wCsS |WwCS wcs |WCS | wcs Complex
sugar Mole% | Mole% | Mole% | Mole% | Mole% | Mmoleos ( D4, D5,
D6)
Ara 39.1 10.1 14.9 15.7 11.2 8.6 11.4
Rha n.d 4.8 11.9 195 14.7 10.8 15.9
Fuc 4.9 2.1 1.3 0.5 0.7 0.8 1.3
Xyl 19.8 15.2 5.6 9.5 12.1 8.6 10.4
GalA n.d 13 31.5 32.3 42.7 514 40.7
Man 15 18.3 0.3 0.5 0.3 0.1 0.2
Gal 9.6 17.7 16.6 185 13.8 11.2 15.8
Glc 25.3 18.8 17.9 35 4.5 8.5 4.3

Mole%: molar percentage of sugars accounted for in the GLC analysis.
GCS: Green cell walls (OK1.2) WCS: White cell walls (Acala 44)
n.d: not detected
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Figure 3.5 MALDI-TOF MS spectra of adsorbed fraction obtained by arabinosi@se treatment separated on PA1 column and
digested with endoglucanase
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Figure 3.6 Separation of the predigested XG-RG complex with arabinanase on
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Table 3.2 Sugar compositions of peaks obtained by digestion of predigested -R&

com

plex with arabinanase
Name | E-1 E-2 E-3 E-4 E-5 XG-RG
ofthe |GCS |GCS |GCS GCS GCS | Complex
sugar Mole% | Mole%s | Mole% | Mole% | Mole% (E3, E4,
E5)
Ara 8.7 54 7.4 6.3 54 6.4
Rha 1.1 3.7 19.6 21.6 11.8 16.8
Fuc 7.2 0.9 1.3 0.9 0.8 0.6
Xyl 37.4 13.4 12.8 8.4 10.9 8.3
GalA n.d 7.8 35.4 40.8 57.5 48.8
Man 1.1 46.8 0.2 n.d 0.1 0.2
Gal 14.8 9.8 18.7 16.6 10.9 16.6
Glc 29.7 11.2 4.6 54 2.6 2.9
Name | E-1 E-2 E-3 E-4 E-5 XG-RG
of the | WCS WCS WCS | WCS WCS | complex
sugar | Mole% | Molev | Mole% | Mole% | Mole% | (g3 Ea,
E6)
Ara 9.9 6.6 7.9 8.5 8.4 8.6
Rha 2.5 4.1 20.4 21.5 13.3 18.1
Fuc 6.8 0.8 1.4 0.8 0.7 0.6
Xyl 37.1 14.1 14.6 7.1 11.1 8.8
GalA n.d 7.3 30.7 35.3 51.1 44.1
Man 1.1 43.4 n.d 0.1 0.1 0.1
Gal 17.3 11.3 20 21.8 12.4 17.3
Glc 25.3 12.4 4.3 5.0 2.9 2.4

Mole%: molar percentage of sugars accounted for in the GLC analysis.

GCS: Green cell walls (OK1.2) WCS: White cell walls (Acala 44)

n.d: not detected
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Figure 3.7 MALDITOF-MS spectra of unadsorbed peak formed by arabinanase #atment separated on PA1 column and
digested with endoglucanase.
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CHAPTER 4
SUMMARY AND CONCLUSION

Polysaccharide is the main ingredient in plant cell walls. Otbenponents of
plant cell walls are proteins, lignin, suberin, wax, and cutin.nsajor polysaccharides
present in the primary cell wall of higher plant include cellel hemicellulose
(xyloglucan in dicots), homogalacturonan (HG), rhamnogalacturonan (RG
rhamnogalacturonan (RG Il),and xylogalacturonan (XGA). For arhattderstanding of
the structural complexity and heterogeneity of pectic polysamtds, it is important to
study the linkages between the pectic regions as well abdo polysaccharides present
in primary cell walls. The current plant cell wall model suigjgea xyloglucan-cellulose
network independent from the pectin network. The work carried out by andrigroup
in the last few years has shown convincing results that aboubhtie xyloglucan is
covalently linked to RG. These results are in accordance to the pdopadg model of
primary cell walls, where arabinan or arabinogalactan linkesetltwo polymers. But the
linkage structure between XG and RG is still unresolved. Tine R® | is replaced in
this thesis by RG because the sugar composition of XG-RG confplered more galA
than rha, which suggests XGA is also in the complex. The nraiofathis thesis project
was to determine and characterize the crosslink presentdret®-RG to understand
architecture and functionality of the whole cell wall. Rnghary results during isolation
of XG-RG complex from intact cell wall illustrated thatostg alkali extraction (24%

KOH & 0.1% NaBH,) of EPG pretreated cell walls solubilized around 80-90% of the RG
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and XG present in the cell wall. Evidence obtained by fractiogdkie alkali extracts on
DEAE and PA1l anion exchange column, showed the presence of two typ&s tieX
unlinked XG and XG crosslinked to RG. Endoglucanase digestion of EPG tedige
cell walls released around two thirds of the total RG and XiGowlers, where as
remaining one third of RG and some of XG was extracted usioggsaikali. If RG was
not linked to XG but was just stuck to XG physically, endoglucatrasément would not
have liberated RG fragment by cleaving the XG fragment. Thesdts illustrate the
possibility of covalent linkage between XG and RG. Also the Haestment with
strong alkali could not separate XG from RG, indicating the poesef cross-linkages
between them.

Chemical and enzymatic degradation methods have been widely ubedpast
few years for understanding the cell wall structure. PolysaiciEhdegrading enzymes
are of great use due to their unique feature of having high subspeddicity. Many
pectin degrading enzymes are present in plants and microorgaribese can be
heterogeneously expressed iRichia for ease of purification. Enzymes like
endopolygalacturonase (EPG) degrade the non-esterified HG regidnaake the XG-
RG isolation easier. In the literature it is reported thatoxehof HG releases much of
RG I and RG Il from sycamore cell walls. But in cotton celllssextraction with strong
alkali after EPG digestion released much of RG | present imctim@l walls. This
indicated the presence of some type of linkage which kept R@ihed in the cell wall
after EPG digestion. The EPG solubilized part mostly conssteghlA mono, di and
trimers along with RG IlI. Strong alkali treatment, extractedd@eRG complex from the

insoluble EPG-cell wall fraction. Nearly 90% of XG and RG pnese cell wall got
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extracted by strong alkali along with XGA. XG-RG complex upogatment with
arabinosidase and arabinanase enzyme showed a significant chahge structure,
dissociating most of the XG from RG |. Table 4.1 shows the conn@aictange in sugar
composition of the intact XG-RG complex, XG-RG complex treatatl eiabinosidase
and pretreated XG-RG complex with arabinanase treatment. &he showed by the
sugar composition does fairly agree with our hypothesis of aralbesry the cross-
linking factor between XG and RG. The amount of rhamnose and galactosases
indicating more and more XG getting dissociated from RG hasuécome of enzymatic
removal of arabinose side as well as internal arabinan bonds. Xglosese, fucose
shows decrease indicating removal of XG from the complex. MoXGofs dissociated
from RG. But it appears a small amount of XG is still lethwRG | indicating residual
cross-linking perhaps by an arabinogalactan. Use of galactfasse and few more
enzymes in the future may help us in better understanding ofdhsliok. Along with
the enzymatic degradation we can deduce how these cell wall grglyane connected
and interact with each other. Understanding the nature of crosdietkgeen wall
polymers will allow development of a more elaborative cell wadldel showing the

possible interconnections between all cell wall polymers.
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Table 4.1 Comparative trend of sugar composition of XG-RG before enzymatic
treatment and after enzymatic treatment.

Name of the| XG-RG complex | XG-RG complex | XG-RG complex

sugar (intact) with arabinosidase with arabinanase
GCS Mole% | GCs Mole% GCS Mole%

Ara 14.6 9.3 6.4

Rha 12.8 14.3 16.8

Fuc 2.5 14 0.6

Xyl 12.8 9.2 8.3

GalA 35.9 45.3 48.8

Gal 13.8 15.5 16.6

Glc 7.4 4.8 2.9

Name of the| XG-RG complex | XG-RG complex | XG-RG complex

sugar (intact) with arabinosidase with arabinanase
WCS Mole% | wcs Mole% WCS Mole%

Ara 16.8 11.4 8.6

Rha 14.3 15.9 18.1

Fuc 2.0 1.3 0.6

Xyl 12.7 10.4 8.8

GalA 33.5 40.7 44.1

Gal 14.3 15.8 17.3

Glc 6.4 4.3 2.4

Mole%: molar percentage of sugars accounted for in the GLC analysis.
GCS: Green cell walls (OK1.2)
WCS: White cell walls (Acala 44)

74



VITA
Purvi Hirachand Patel
Candidate for the Degree of
Master of Science
Thesis: CHARACTERIZATION OF A CROSSLINK BETWEEN XYLOGLUCAN
AND RHAMNOGALACTURONAN FROM COTTON CELL WALLS
Major Field: Biochemistry and Molecular Biology
Biographical:
Born in Mumbai, India on November 15 1979, daughter of Hirachand N. Patel and
Madhu H. Patel.
Education: Received Bachelors of Science in Botany and Biotechnology from
University of Mumbai, Maharashtra, India 2000. Awarded Masters @n8eiin Plant
Physiology and Plant Biochemistry from University of Mumbai, Makhtra, India
2002. Completed the requirement for Masters of Science degre@raimmiochemistry
and Molecular Biology at Oklahoma State University, Oklahoma in December 2009.
Experience: Worked as a part time professor at V G Vaze College, Myrrzha from
Dec 2002 to Dec 2003. Worked as a Junior Research Assistant at &eli@n8cience,
Mumbai, India from Jan 2004-July 2005. Employed by Oklahoma State Uiyvassi
Graduate Research Assistant in Department of Biochemistry atetiar Biology from

Aug 2005 to present.



Name: Purvi H Patel Date of Degree: December, 2009
Institution: Oklahoma State University Location: Stillwater, Oklahoma

Title of Study: CHARACTERIZATION OF A CROSSLINK BETWEEN XYOGLUCAN
AND RHAMNOGALACTURONAN FROM COTTON CELLWALLS.

Pages in Study: 74 Candidate for the Degree of Master of Science
Major Field: Biochemistry and Molecular Biology

Pectin is the most complex and major component of primary pldnvaks$. For
better understanding of its structural complexity and heteragenes crucial to know
about the structure and linkages within the pectic regions as agelko other
polysaccharides present in primary cell walls. Our main aito characterize the cross-
linkage between the XG and RG.

Preliminary results show nearly half of the XG is covalemtked to RG. EPG
digestion of cell walls followed by strong alkali extiaat (24 % KOH & 0.1 % NaBH4)
solubilizes most of the XG-RG complex along with other pectic pelysarides and
unlinked hemicelluloses. The XG-RG complex can then separatedttimeutral and
slightly acidic sugars using ion exchange chromatography.riegatwith arabinosidase
removes the arabinose from the arabinan in the XG-RG complexafaemose can be
separated using an ion exchange column. Further treatment of the xowighe
arabinanase, cleaves the arabinan linkages essentially disgponatst of the XG from
RG. These finding were supported with sugar composition, CZE electogpams,
MALDI-TOF MS spectra, and NMR spectroscopy. Our experimaellts significantly
suggest arabinan being the crosslink present between the XG ancbriR@ex as
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