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ABSTRACT

= ‘ 5 )
Direct evidence is provided for ovarian incorporation of plasma

proteins other than vitellogenin in winter flounder Fse;ldogleuronectes

" americanus. Two major poiypeptides of molecular ;we'g'hts 70 K and 28 K

from Peak A protein(s) of the plasma were demonstrated to bg Iv}ccrpéra-
" teﬂ into mia;-{an pr'of.einsi Both the polypeptldéi were structura“y.
dif_ferent from vite]i;)genlr} and were found to éxist in the oocyte‘as F
po\ypebtide f_r’agment's of moleculdr weights 28 K, 70 ,K,'and 76 K. .Vitel-
Togenin was s)luwn to occur as 96K and 86 K fr;gments in the oocyte.

The ovarian polypeptides'of ‘molecular weight 96 K- fragment from vitel-

- logenin, and 28 X fragment from Peak A protein(s) appear to be com-

plexed together an;i are classified here as 1ipovitellin 1 and lipo-

.n trogel- AcA 44 tngether ulth prolactin and, gruwth hormom "

viteTHin 1o This is simitar to~the molecutar organization_of yoIk 1n

Xe;nw'laevi‘s [Berri'dge, M.V., and La;m, c.D. f1976). CelT, 8,
é83-29i]. In addition, the_ presence of .the 70 K and _ZB K pblypeptldes
_of Peak 'A,p‘rote.In(i) in the testicular prntéins. has been established. !
‘Carbohydrate-poor p(tultsry proteins’ st‘llﬁq‘!at‘ed the ov;rlan incor~
porati;m of vitellogenin and éne nnn-viéeﬂogen}(n pIasﬁa proteins, ?éak
A proteln(s) and Peak E protein(s). A biolpgically active: p'epti&e (Rf
0.72 protein) was obta‘lned from the carbohydrate-pnor proteins; this |
S has a mo1ecu1ar weight of 14.3 K by polyacrylamide gel’ e1ectraphoresis
cuntnning sodium dndecy1 ‘sulphate and elutes |n the regjon of 28 K on
A reglﬂa-

' tory role of this gonndntropﬂ.in the ovarian uptake of P
pnntﬂn(s) was estab]ished. These findings were in ugreement ulth the
enrller stud!es on the auallq of gonadotropins in many spec!es of

’ telecsts. ‘reported from this 'Iuboratory (see Idler and Ng, 1983).

\,.‘.
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CHAPTER I

\rjﬂ General Introduction

“Processes such as maturation and fertilization.depend on the

synchronised growth of the ‘gametes during the reproductive phase. '

_Schuetz (1985) noted in Ms recent review that the fema'le gamete 1s the

prlmary or only ce'l'lula\r 'an between the present and successive

generations. The cellu'lar and molecular events: that ‘occur within the

cytoplasn and nucleus of an oocyte during its development are of funda- -

mental interest and importance to developmental biology.

- In this thesis, I have zidressed the question of the functional

role of plasma proteins in ococyte growth in a'teleo{t, Pseuduj

pleuronectes ameri'canus, with -emphasis on non-vitellogenin pro&eins.
The work,also deals with the gonadotropic regulation of uptake of these

plasma proteins into the ovagy during the reproductive cycle.

Role of plasma proteins &n non-mammalian vertebrate reproduction

Efforts te-understand the role of plasma proteins in non-mammal{ an
vertebrate ovarian growth have been almost entirely concentrated on

vite'nagenin also known as the female-speciﬂc plasma protel/l‘(ida et

. al., 1973a). The subject of vlte’nogenin and vitellogenesis\tas been

extensively reyiewed in non-mammalian vertebrates with respect_tc

il " .
oocyte growth (Wallace, 1978; 1985), expression of -the v/ite’llogen’n 3
genes in euka‘rﬁge orgaﬁ{sms and the rel atﬂmsilﬁp between vitellogenin

and egg yolk proteins (Tata and Smith, i979). stages of ovarian growth

v




{Wallace and Selman, 1981; Wiegand, 1g§2) and teleost yolk -formation
and differentiation (Ng and Idler, xgq’a) InducibiTity of this 1ipo-
phosphoglycuprotein (Emmersen and Pgtersem 1976; Hori et al., 1979)
“with estrogen. treatment hds been well estabHshed in all the classes nf
nnn-muma'lian vertebrates. Its chemical and |n|mno'log1cal “charac-
terimcs with respect “to yolk proteins have also been wen studied
(see Hn'llace, 1978). '

The h{stor,y of the role of circu1aﬂng p‘hsma proteins in the

synthesis of yo'lk in non-mamaHan vertebrates dates back to some 90

years ago, when Klemperer (1893) cbserved tha{ ant1body~1{ke activity
could be found iyolk derived from eggs of hens previdusly immunized

‘with specific « Togical and b ochemi 1 similarities

between certain serum proteins t?f the 1ay1Wen and the hen's egg

yolk proteins have also long been recorded (see Wallace, 1978). Ldter,
studies on the isolation of the yolk proteins (Cook, l‘!ﬂ):‘and demon-
strat!onl of the synthesis of some yolk precursor by liver s{lces (Heald

and McLachlan, 1965), reinforced the 1ong standing conviction among

workers in av|an‘rei)roduc_tive-biogogy that a1l macrﬁmohcule materials

of the developing oocyte, ﬁ!c'ludlng the yplk proteins, are derived from
the magernal-b‘looqstream (see Wallace, 1978).

Earlier, Laskowski (1936) had obser\;ed-pla_sma phosphoprotein
@ppearlng during the &eed!ng seuso‘n of a number of female oviparous 7
vertebrates. Flickinger and Rounds (1956) reported'tl_\e cross reac-
tﬁm:y of an antibody prepared igulnst .a yolk component with female
*serun as uen as with a variety of other extracts However, these
stndies were either Incomp]ete or not conslstent (Wallace, 1978) and,

moreover, Kaster and Schechtman (1957) fai]ed to obtain evidence fuy-




* the ;ransfer of 1injected protein to the ovary. Later, Glass (}959)'
demonstrated tha’t prot’ehs from th; matereal -bloodstream could
apparently be lncnrporated ant‘lgenically 1ntact 1nto developing. *
amphibian oocytes. “In addition Ulrist and Schjelde (1961) - found that
componengs with biochemical and ultracen:rlfugal properﬂes _simﬂar: tq
those of yolk proteins appeared in the serym. Outstand&ug studies by
Wallace and co-workers first with Xenopus and more recently with fish
prnvided ?chhwive evidence on oocyte growth' in relation to the plasma

, Protein vitellogenin and deftned the t _,’ ¥ g 1
to vite'l'lugenin synthesis lts existence as‘ *phosph‘og],yco’lip‘byrobein.\
in circulation and its convers1an to yolk proteins, Hpuvitel“n and
phosvitin, has also been well documented.

As in Nrds and ampmhians vitel(genin is very important in
teleost yolk synthesis (see rev‘lews by Wallace and Se1man. 1981;
H!ega d, 1982; Ng and Id1\er, 1983). Female specific protefns have been
dete }d in teleosts hy immunological, electrophoretic, chromatographic

‘ or u] racentrlfuga] methnds ('seo Wallace and Se!man, ‘19815 Idler et
al., 1979; So et al., 1984). o

Autoradiographic studies by Rorfsmeier (1966) after injection of
tr1t1_ateﬁ,amlnq acids into adult female zebra fish Brachydanio rerio,
which breed cen‘unuously, indicated the transfer of protein from the
blood to yolk spheres vi!t?_li_n the oocyte. Kcrfsn&éir (1966) demonstrated
theI apbeannce Bf labelled prutei»n first in the 1 ver before incorpora-

5 gion into yal_k.' élgctrophoret'c studies by ‘te Heesen and Engets (1973)
showed the ontogenesi§ of fegna]e.speciﬂc proteins in ih;a ova_r{es' of‘
the zebra fish. [ " —

k . Apart from the following |nd|rect'séudies. one on Xenopusand two
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others on teieosts. no other published study exists concerning tne

,/‘v' specific ru'le.of other plasma proteins in non-mammalian reproduction E =

= Wallace and Jared (1969), in order, to provide proof for the role

of the o\rnry in removing vltei]bgenin from the circuiat(on.'injected

equivalent amounts of two serum profein fractions S; and Sp and !

vitellogenin, a]1 labelled with 3H-leucine, into three groups of .  ° D

~ human chorionic gona:iotropin treated _Xeﬂm femalesv From this L

- . experiment, tﬁe,y conciuded tnat vite'l'logenin was rapidiy removed from {
the circulatlon and became associated with ovarian protein, whereas the
other two.serum protein fractions did.so to a much iesser extent; also,
the incorporation of vite'l'iogenin into ovarian protein appeared to be
about 50 times more rapid than tne incorpor;tion of eithér of the other
serum protein fractions. They reoorced that the process was selective
but the other serum protein: were also incorporated én a limited
extent. This study on Xenog was the first experimental evidence. . ~
indicating a posslb'le ro'le of otner serum proteins in the ovarian

. growth. However, based on quantitative analyses performed with the

/" ’ oocytes of MM,.yaiiace et at. (1972) “veported th!t >99% of

the yoik protein waszderived feom vi_teﬂogenin. ’ '

In te‘ieosts. evidence for the in:orporation of non-vitellogenin

macrme'lecn‘les by oooytes was ‘shown by Wegmann and Gotting (1971).

Through ultrastructura'l stndies on the swordtail %1ghcghore.s helleri, - A

w : they showed the: |ncorporation of an electron-dense molecule iv\to the '

yolk bodies of vitel‘logen‘lc cnc,ytes

. / The remaining evidence in te'leost cumes frpm an in vitro study”on
vite'l'logenin incorporation by . the ovarian fol'licles of radmaw trcut,

Salmo gairdneri ‘(Cnmpben and Jl'lahert. 1979). The—authors reported




" Yolk protei i )
0 roteins i

that a protein from the serum of § gairdneri, induced by estrogen
treatment, was -Incorpora:éd into vite110§en1c follicles to a greater
extent than other serum proteins of S. gairdner{ or bovine serum

albumin (BSA). which seryed as controls. They reached no, conclusion

concerning these n v|teliogen1c proteins as possible sources of
) .
oocyte proteins and suggested that a large proportion of the incor-
po}'ated BSA. and other non-vitellogenic prsnteﬂls could bé associated
e -

with fql\llcv‘.ﬂar: tissues other than the docyt'és.

. : 1 T
" ‘Whether'it is vitellogenin or‘non'—vitellogénin proteins, their  °

relevance to oocyte growth 1s mostly v]‘eflected in terms of yolk pro-

teins.” Molecular organizanon of” the yd1k in oocyte becomes pertinent

here.. ‘In teleosts yolk occurs as fluid-filled spheres (Grodzinski,

_ 1954, 1973) within the peripheral ooplasm (D_r‘o]lbr-énd Roth, 1966;

Anderson, 1968; U1rich.-’l969; Gupta and Yamamoto, 1972;- Shackley and
: X

’ ‘King. 1977), whereas in ampMM?s or in other ﬁon-mamaIHn vérce- E

brates, yo]k occurs as crystalline granules (see Hal'lace,L_ZB). How-
ever, crystalline yolk has also been desc?!bed in_ sgvera'l d|stanb1y '
re'lated teleosts (Vamamotu and Oota, 19673 Gupta and Yamamoto, 1972;
Riehl, 1978). which 1nd1cates some homology between te’lecst and
amphibian ynlk. Vn1k spheres' in teleosts are known to maintain tﬁeir-
integrity throughout oncyte gronth (Vamamoto, 1957b) or fuse centri-
pela'l’ly to form a cont!nuous mass of fluid yo1k which, confers on eggs
their characterlstlc transparency (Wallace and. Seman, 1981),

15 ‘is well established that the yolk protefns of ovwnruus verte-




/)rate_s are .composed of 'Hpovvltel'ljn and phosvitin (see Follett and
Redshaw, 1974; oh'lendnrf_ _ejé_].. 1975). A nuqber of invest1qat$rs have
attempted. to isolate 1ipovi ﬁe1|1n-1|ke and phosvi-ﬁvn-’lvike yolk proteins
from the ovnr(é?’of a variety of tel!ust species (see Ng and Idler,
1983). ln te]eosts Tipoviteliins are frequent]y heterogenous, they

* contain very. low amounts’ of prcte!n-pnosphorus (see Wallace, 1978) and
are soluble in so1uiions of lo.w ionic strength V(Jared End WalTace,
'!963) The phosvitlns are also frequent\y heterogenous (Mano and
Lipmann 1966 ‘a,b; Jared and Ha]'lace 1968), have Tower molecular . .
welghts and contain wl dely divergent amounts of yrotei n-phusphorus (see .

S ’\a'llace, 1975). Phusvitins appear to someumes be comp'lete’ly absent.
from yolk preparations in some marine teleosts (Jared and ‘Wallace,
1968) . '

Lipovitellin monomer (glycolipophosphoprotein) in amphibians has a
molecular weight in its native form, of about 200 K aﬁd is composed nf.'
20% ¥ipid and of about 0.5% protein-phosphorus (Wallace, 1978). Under
dénituring co‘nd\‘t(ons it can be resc’lved further into two pEDtNes
with a 1:1 mohr ratio and molecular welghts of 31 K and 120 K
(Wallace, 1978). On1y the smalwr peptide is phosphorylated (Bergink
and Wallace, 1974)..0n tne contrary, phosvﬂ;in has a molecular weight
of a‘bnut 35 K - 40 K under both native and den@turlng conditions with a
tn;ta] _pratein-phospnorus content of 9.5% (Reds!gau and Follett, 1971).

Different values of mo!ecn'lar weights f::r Tipovitellin have been-
reported among ‘teleost species. A molecular welqht of 300 K for’ trout
(Hara and Hirai, 1978; Campbe]'l and Idler, 1980). 500 K for w!nter
flounder (Ng and Idler,- 197&) were noted Ando- (1965) ihdicated that
trout 11povitellin has a molecuiar weight of 240 K 1in its native form

P . ' T e




an;i has two subunits. deVlaming et al. (1980) reported two subunits
for lipovitellin of gomflsh' by sodium dodecy! s?lfau polygcrylamide
gel electrophoresis hnvirug molecular weights of 105 K - 110 K and 19 K.
-25%, mspéctlve!y.’ Plack and Fraser (1970) clatmed the presence of
two types of 1ipovitellin in the cod ovary. ’

On the other ;-ind. tﬁe molecular weight of trout phosvitin was
reported to be 43 K by Campbell and Idler (1980) and 19 K by Schmidt 2
al. (1965) and' Mano and Yoshida '(1969)'. Ng and l}ller (1579) revori!d a
vdlue of 30 K fur uinter ﬂnunder— In general, 'molecullar ueights of
teleost phosvit{ns were, reported ‘to be hwer than that of other. verte-
brate phosvitins (see Ng and Idler, 1983). )

Apart f‘l‘om t‘hves‘e reported major-‘ yolk proteins, yolk components
&ksiinct from 1ipovitel1in and phosvitin were also reported in the

teleost ovary (Jared and Wallace, 1968). One of these, the " .com-

ponent” found in salmonids ! 1 no 1ipid or .,,. 3 orus and
was revort.ed to have a molecular weight of about II K; it nas derlved,.
* from the serum of sexuaﬂy maturing fen'les (Ihrkert and’ hnston!.
~1971; Campbell and mer. !9&!). was extractable with 0.5 N NaCl (see
' Ilg and ‘Idler, 1983). lsolatlnn nf livetin, another ovarian protein was
reported by Markert and Vanstone (1968) and by Jared and Wal)ace.
A quote from Wallace -(1978) is relevant to the present 1ywesﬁga-
tion: "In view of rece‘nt information on (1) tﬁe ‘;ntnre and origin 9'
the ;com onent in salmonids, (2) the ‘entreme susceptibility of at
least one teleost vitellogenin ta_pratenlysis (Hickey and Wallace, "
1974) and (3) the .derivuiun:of yolk protefns fr&m vitellogenin by pro-

teolysis (Bérgink and Hall'ace, 1974), it see!ls more r'qasonnble to

postulate-at this time that.teleost vitellogenins are proteolytically

A
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cleaved at alternate and/or more numerous sites dur“lng their conversion

~to yolk proteins".

Gonadotropic regulation of ovarian growth

In non-mammalian vertebrgtes,, the major event during the pr’acess
-of ovarjan growth'is represehted by ‘the massive syntnes‘ls' of yolk by
the oocytes, which s indlrect]y controned by ‘the vitultary honnones
(see Redshaw and Follet, 1971). “As indlcateJ earlier, yolk is syu‘he

. sized by incorporating the plasma protein(s), p_rincipany vitellogenin

(see Hal’]at‘:e. 1978). “The hormonal contro‘% of ovarfan growth :in‘
teleosts has been addressed in:several reviews (Dddd, 1972; Reinboth,
1972; Donaldson, 1973; deVlaming, 1974; Fontaine, 1975;-Fonta1ne‘, 1976;
Lam et al., 1978; Idler and Ng, 1983; Ng and Idler, 1983). Akin to
other non-mamaHan vertebrates, |n teleosts, gonadotropins were found
to enhance the_transfer of vtte'l’logenln{ram t‘ne blood into vitello-
genic oocytes (Campbell.and Idler, 1976; Campbell, 1978; Ng and ld'lé‘r.
1978a,b); appa‘rent'ly by stimulating micropinocytotic activity at the
oocyte meml;rane (Droller and Roth, 1956 - Anderson, 1968;'Heqmann and
Gotting, 19713 Upadhyay etal., 197@). .

The existence of two separate gonadotropins in fish was a contro- .
versln'l issue unti) 1975. Various reports on the isolation of gonado-
tropins from teleosts gave no l;uﬂc\atlon of the presence of two bio-
chemically distinct types of gnna‘dutropirys (see Ng, 1980), studi‘e/s by,
Idler and co-workers (Idler et al., 1975 a,b; Campbell and Idler, 1976,

) 1977; Ng -!milld'ler,- 1978 a,b, 1979; Idler and Ng, 1979; 1dler and *

Hwang, 1973)_ 11lustrated the existence of two distinct types of




gonadotropins in several teleost species. They called these two
gonadotropins Con Al gonadotropin(s) which e;hibﬂ no affinity to con-’
canavalin A, "ie" carbohydrate-poor GtH) and Con AIl gonadotropin(s)

which exhibit affinity to Con A, ie carbohydrate-rich GtH). The Con Al

GtH controls ovarian development by sti-ﬂa@g the 1ncnr'poraq'(oi
yolk ‘precursor from the blood and the Con AIl GtH stimulates ootytt

maturation and ovulg‘tlon (sge Idler and Ng, 1983; Ng and ld];r. 1983).
b'l':e possibility tha_t l‘lCh t‘ype. of gonadotropin -uy have other functions

in regulating ovarian development is not excluded.

Statement on the research problem

Wallace and Jared (1976) reported a very high specificity of

_incorporation of vitellogenin by isolated amphibian oocytes, although

Wallace and Selman (1981) noted that the available 'evldem:e' for
teleosts indicates a reduced specificity (see Campbell and Jﬂllb!ﬂ..
1979). The earlier findings on the incorporation of nonviielloggn1n
plasma proteins were rather indirect evidencé since the experiments
were 'canduc&d to e'subllsr‘: the specificity of vitellogenin uptake by
oocytes. In addition, the serum proteins that were testeti may not be
the protein species requi}td by the oocytes. Factors 1ike stage of
oocyte development could be very important in the regulation of protein
uptake. Furtl{gr, the study conducted by Campbell and Jalabert (1979)
was on isolated oVarian fo]lic\es—_ﬂ‘m and this may not reflect)the
situation 1n vivo. 'Thus the’available evidence either enmnislzed the
predominant role of vite!ingenlq in ukyte growth or provided incon-
clusive evidence for me'possible'pa‘rticipauon of other plasma ’




proteins.

’ Hence, there is a gap in our knowledge concerning the functional
selection of non-&lte]]oéenin-p}asma ‘proteins fn oviparous vertebrates
during oocyte qrunfh. Before this investigation was started, ‘the pre-
1iminary experiment conducted in-this laboratory (Idler and So,
personal comnunication) Indfg‘:ated, that at least ':nu p’lasma_pro‘teln(s). ’
in addition to vitellogenin were also taken up by. flounder ovary. '
Their study also indicated that the uptake was enhancéd b‘y the Cnﬁ AL
fractiﬁn'from the pituitary. These resuTts:proned the groundwork for
this study. ’ o '

The purpose nf this 1nvestigation Initiated in 1994 was:

1. To answer the questlon. Is vitelTogenin the dominant protein or do
other plasma proteins also play an important role in teleost
oocyte development? ' ’

2. To elucidate the structural and functional relatedness or
unrelatedness to vltel‘log;nin of the plasma pv:otems; which wév:e
found to be taken up by the oocytes,

3. To define more c\ear\y the influence of the carbohydrate-pour
gonadutrovi; fraction on the uptake of non-vitellogenin plasma

proteins and to compare the uptakes at dlff:erent times during the

reyroduc?e cycle.




CHAPTER 11

WINTER FLOUNDER PLASMA PROTEINS

Introduction

Although the study of mammalian, and especially human, plasma has
been intense, less information is available on the plasma proteins of
other vertebra!.e classes. Recently the protein mofeties of ﬁ,sh 1ipo-
proteins have receh;ed. increased attention (McKay ﬁﬂ.. 1985). Like
tfloée of mammals, fish-plasma 1ipoproteins contadn 2 héterogenous col-
léction of apoproteins associated with partitular densjiy classes
(Nelson and Shore, 1974; Chapman et al., 1978; Chapman, 1980). In
higher vertebrakes, the plasma proteins are best known for the trans~
port of.dietary and éndogenously synthesized 1ipids (McKay et al.,
1985) and cardiovascular diseases (Goldstein and Brown, 1977; Green and
G1ickman, 1981) but among thg ovipardus vertebrates, the best _undestood
function of one of the plasma Hp;prot.e!ns. vitellogenin, is its role
in the synthesis of }olk which is universal  among the oviparous Vém-
brates. The reports indicating the uptake of other plasma proteins by
the ov‘ary (General ;lntmd\lct(on) -and the preliminary study conducted in |

this laboratory on the ovarian uptake of other Hpop;-oulns Jdeft many

avenues open to pursue.. v}ite]loggnin having a defined functional roTe

in oocyte growth, the question of functional and structural relate'dnegs
of these non-vitellogenic plasna Proteins to vitellogenin has been
“dddressed in this Chnptgr‘. This can-be done by com‘l;ui{ing the polypep-
tides, primary structure by peptide mapping, and the imnnlug1c;l
cross ‘reactivities. Such an nttempé wasuwlade in this ?nrt of’ the work
using _ﬂnter flounder, Pseudogleurnmtgs americanus (Walbaum) as the

experimental animal.




Materials and Methods

Isolatfon and ana]zsis'uf winter flounder plasma proteins

Blood collection

Blood was coﬂecced from female and male winter flounder.
Pseudoghuronectes americanus at different times of the year in 1
volume of ice-co’ld PMSF so’lutlon [(50% 0.2 M phosphate buffer sa'Hne,
pH 7.3; 3 nM PMSFY, Devlaming et ai., 1980] for every 4 volumes of
blood and cgqtrlfuged at 8000_9 for 20 m|n in a Sorvall centrifuge at»

0 C to obtain plasma. The plasma was immediately dHuéed with an-equal '
vt;'lume of _vite'l’logenﬁ (vg) buffer (150 mM Tris-base, pH 8.0; 0.5 M
" NaCl; 10 MEDTA,‘O.ZS% PMSF) modified from Idler et al. (1979) and
centr1;uged again at 8000 g for 20 min at 0 C. The supernatant was }

either chromatographed or kept' frozen at -80 C-until used.

Sephacryl $-300_chromatography ]

An equivalent of 2.0 mL of the original plasma was. chromatographed
at 4 C with ascending elution on a 2;5 x 86 cm column‘af Sephacryl S- ’
300 superfiné (Pnam!acia) which had heen;aiﬂ“brned with Vg buffer.’
The column was eluted at a flow rate of 15 mL/hr and 1.4 mL/tube frac-
tions were collected. The optical density of the fractions was. read at
280 -nm in a spectrophotometer and the readings were plodtted on graph
paper to_obtain major peaks, designated as: ’Peak A, Peak B + C, Peak D:,
and Peak E TFIg. 1). The n,a‘mes A, B +C, D.and E for these peaks are

) \




Fig'urg 1. Chromatography of plasma from Fe‘male’ Hol‘mdef.' A

plasma equival.ent of-2.0 ml was chromatographed on a 2.6 x 86
cm Sephacryl S-;OO Superfine colu;l|n. Fractions of 1.4 ml were
collected at a flow rate of 15 ml/hr and protein was monitored

at 0Dpgy
-~ - @




00280

e

150 200

FRACTION' NUMBER


























































































































































































































































































































































































































































































































































	001_Cover
	002_Inside Cover
	003_Blank Page
	004_Blank Page
	005_Title Page
	006_Preface
	008_Dedications
	009_Abstract
	010_Acknowledgements
	011_Acknowledgements iii
	012_Table of Contents
	013_Table of Contents v
	014_Table of Contents vi
	015_Table of Contents vii
	016_Table of Contents viii
	017_Table of Contents ix
	018_Table of Contents x
	019_List of Tables
	020_List of Tables xii
	021_List of Figures
	022_List of Figures xiv
	023_List of Figures xv
	024_List of Figures xvi
	025_List of Abbreviations
	026_List of Abbreviations xviii
	027_List of Abbreviations xix
	028_Chapter I - Page 1
	029_Page 2
	030_Page 3
	031_Page 4
	032_Page 5
	033_Page 6
	034_Page 7
	035_Page 8
	036_Page 9
	037_Page 10
	038_Chapter II - Page 11
	039_Page 12
	040_Page 13
	041_Page 14
	042_Page 15
	043_Page 16
	044_Page 17
	045_Page 18
	046_Page 19
	047_Page 20
	048_Page 21
	049_Page 22
	050_Page 23
	051_Page 24
	052_Page 25
	053_Page 26
	054_Page 27
	055_Page 28
	056_Page 29
	057_Page 30
	058_Page 31
	059_Page 32
	060_Page 33
	061_Page 34
	062_Page 35
	063_Page 36
	064_Page 37
	065_Page 38
	066_Page 39
	067_Page 40
	068_Page 41
	069_Page 42
	070_Page 43
	071_Page 44
	072_Page 45
	073_Page 46
	074_Page 47
	075_Page 48
	076_Page 49
	077_Page 50
	078_Page 51
	079_Page 52
	080_Page 53
	081_Page 54
	082_Page 55
	083_Page 56
	084_Page 57
	085_Page 58
	086_Page 59
	087_Page 60
	088_Page 61
	089_Page 62
	090_Page 63
	091_Page 64
	092_Page 65
	093_Page 66
	094_Page 67
	095_Page 68
	096_Page 69
	097_Page 70
	098_Page 71
	099_Page 72
	100_Page 73
	101_Page 74
	102_Page 75
	103_Page 76
	104_Page 77
	105_Page 78
	106_Page 79
	107_Page 80
	108_Page 81
	109_Chapter III - Page 82
	110_Page 83
	111_Page 84
	112_Page 85
	113_Page 86
	114_Page 87
	115_Page 88
	116_Page 89
	117_Page 90
	118_Page 91
	119_Page 92
	120_Page 93
	121_Page 94
	122_Page 95
	123_Page 96
	124_Page 97
	125_Page 98
	126_Page 99
	127_Page 100
	128_Page 101
	129_Page 102
	130_Page 103
	131_Page 104
	132_Page 105
	133_Page 106
	134_Page 107
	135_Page 108
	136_Page 109
	137_Page 110
	138_Page 111
	139_Page 112
	140_Page 113
	141_Page 114
	142_Page 115
	143_Page 116
	144_Page 117
	145_Page 118
	146_Page 119
	147_Page 120
	148_Chapter IV - Page 121
	149_Page 122
	150_Page 123
	151_Page 124
	152_Page 125
	153_Page 126
	154_Page 127
	155_Page 128
	156_Page 129
	157_Page 130
	158_Page 131
	159_Page 132
	160_Page 133
	161_Page 134
	162_Page 135
	163_Page 136
	164_Page 137
	165_Page 138
	166_Page 139
	167_Page 140
	168_Page 141
	169_Page 142
	170_Page 143
	171_Page 144
	172_Page 145
	173_Page 146
	174_Page 147
	175_Page 148
	176_Page 149
	177_Page 150
	178_Page 151
	179_Page 152
	180_Page 153
	181_Page 154
	182_Page 155
	183_Page 156
	184_Page 157
	185_Page 158
	186_Page 159
	187_Page 160
	188_Page 161
	189_Page 162
	190_Page 163
	191_Page 164
	192_Page 165
	193_Page 166
	194_Page 167
	195_Page 168
	196_Page 169
	197_Page 170
	198_Page 171
	199_Page 172
	200_Page 173
	201_Page 174
	202_Chapter V - Page 175
	203_Page 176
	204_Literature Cited
	205_Page 178
	206_Page 179
	207_Page 180
	208_Page 181
	209_Page 182
	210_Page 183
	211_Page 184
	212_Page 185
	213_Page 186
	214_Page 187
	215_Page 188
	216_Blank Page
	217_Blank Page
	218_Inside Back Cover
	219_Back Cover

