CHAPTER 1

INTRODUCTION

Amino acids are known as biomolecules typically found in all organisms.
They can be classified into two groups by ability to rotate the plane of polarized light:
L-formed and D-formed amino acids. The first one plays important role in all life while
the later is rarely found in organism. I \NU} rve as building block of enzyme,
hormone, antibody and protem ore 1tsﬁp balance buffering capacity in
blood (Holum, 1982) and ofte as hen@gers in cell communication
(Bender, 1975). 77/ \'\\ \
d iMs compounds synthesis by

Recently, L-ami

industry. For example, L-glutami ?"d"* . 41811(31116 are used as food and feed
additives while L-alanine is usgd 2 - ...- 1 cﬁictlon and can be also used
as food additive due to its"swget fas ‘: S i et 992). L-phenylalanine, another
interesting L-amino acid, is i fl 1 ing material for an artificial
sweetener, aspartame (L-asp ate-ﬂé».ﬁxenyk@-l-‘ ethyl ester, or NutraSweet)
(Ohshima and Soda, 19892 LN X7 EN

The increasi.i;gdemand for L-amino acic stimulated the research on
various methods for its “s¥Vi ‘ Qﬁ:xtractlon from protein

& (Hummel et al., 1987), houver the products contain
equal amount of D- ﬁ d,( et al., 1992). Therefore,
some researchers ‘ﬁ ﬁ‘ﬂﬁﬁg Mﬁf] enzymatic method
e.g. L-amino acid transamlnase amifio acid racemase (Berberiely et al., 1968),

Laminoperbel] Kb 120 01 B9 ed i b Bhecavorye

(Yamamoto e? al., 1980). For L-amino acid dehydrogenases, they are also in broad range

hydrolysates and fermentati

of study. These enzymes, prepared from microorganism, are widely used for synthesis
and measurement of L-amino acid in the samples (Ohshima and Soda, 1979).

There are several enzymes in amino acid dehydrogenase family (EC 1.4.1.-)
which are part of the oxidoreductase superfamily as shown in Table 1.1. They catalyze

the removal of the amino group, generally from L-amino acid, with the formation of



Table 1.1 The group of NAD(P)" - dependent amino acid dehydrogenase

EC Enzyme Coenzymes Major source
number
14.1.1 AlaDH NAD Bacteria (Bacillus, Streptomyces, Anabena,

Pseudomonas, Rhodobacter, Arthrobacter, Thermus,

Enterobacter, Phormidium) chrorella

14.1.2 GluDH NAD ' '.{"I!I’, i, yeasts, bacteria

14.1.3 GluDH NAD(P)Q_\ ‘Ani liver, chicken liver), tetrahymena,
o ’ &

s bacteria , Thiobacillus)

14.14 GluDH ‘I\w——" ] Plants, E ( acilis, Chrorella sarokiniana, fungi,
'} yeasts, bacteria

1.4.1.5 L-Amino acidDH | N /Bacteri €€lostrz ium sporogenes)

1417 SerDH Pl N

14.1.8 ValDH A acter

eplo Ees@lcaligenes faecalis,
plants (pea, wheat)

1.4.1.9 LeuDH

lostridium, Thermoactinomyces)

1.4.1.10 GlyDH erium tuberculosis)

14.1.11 DAHDH

dium, Brevibacterium,)

1.4.1.12 DAPDH

14.1.15 LysDH (cylizing)::I

14116 |DAPMDH |

eillus sphaericus)

14.1.17 MethylalaDH ' Bacteria (Pseudomon

p.)

14118 | LysDH

1 NAD~ Bacteri robacterium tumefaciens, Klebsiella
o] 1)) ) rlracd E 11T

14.1.19 TryDH b ') NAD(P) ‘,Plants (Nicotiana tabacum, Pisum sativum,
. = o/

14120 | PheD AD © acteria (Sporos

Rhodococcus marinas, Thermoactinomyces

intermedius)

14.1.- AspDH NADP Bacteria (Klebsiella pneumoniae)

DH, dehydrogenase; NAD(P), NAD and NADP-nonspecific, DAHDH: L-erythro-3,5-
diaminohexanoate dehydrogenase; DAPDH, 2,4-diaminopentanoate dehydrogenase; DAPMDH,
meso-2,6-diaminopimelate dehydrogenase; MethylalaDH, N-methyl-L-alanine dehydrogenase.
Source: Ohshima and Soda, 2000



the corresponding keto acid in the presence of pyridine nucleotide coenzymes, NAD(P)".
The general equation for this reaction can be illustrated as shown in Figure 1.1
(Brunhuber and Blanchard, 1994). These enzymes are found generally in an extensive
number of diverse prokaryotic and eukaryotic organisms. They are known as important
enzymes, which provide a route for interconversion of inorganic nitrogen with organic
nitrogen. In other words, they serve as a connecting link between amino acid and organic
acid metabolism. Their metabolic function can be described as the balance of both amino
acid and keto acid synthesis. The aminthg{ i: f;;stly removed as free ammonia before

the carbon skeleton of an amino acid._can;ﬁbe d for energy through glycolysis

and/or TCA cycle. The particim ADP)’ maﬂgse enzyme systems a valuable

tool for the analysis o *acids or orresponding keto acids.
1 "no acid can be obtained in a lot of yield

By reductive amination of

pyridine  nucleotide-dependen oxitlative amipation of L-phenylalanine
to form ammonia, phenylpyruvate, ﬁnd:NADI—ﬁown in Figure 1.2. The distribution

!-*'. A

of this enzyme is hrmteg to somé" groups C% pQﬂth spore-forming bacteria

1nclud1ng actlnornycetes‘I r‘;'Q;':‘:";:‘:‘-_':_:""T"".T --------- S enzyme in microbial
sporulation thereby conneﬂ;ng the carbon and ﬂetabolism of amino acids

(Asano et al., 1998). In sor%ﬁ cases, addition of L-phenylalanine to the medium can
induce enzyme actﬂiﬂl ? Wﬂq Iﬁl; amino acids, such as
D-phenylalanine andj L-histidine ( mmel eta 4 and 1987). Thus, this enzyme is
speculated lgy i thel %Wﬁ ﬁ" E—rhenylalamne
(Hummel etﬁ.ma@mm%’r% n]

In 1985, Asano and Nakazawa screened the enzyme activity in cell-free
extracts of various soil microorganisms and found that Sporosarcina ureae showed high
NAD"-dependent phenylalanine dehydrogenase activity. Moreover, they also found
enzyme activity in Bacillus sphaericus. The enzyme from Sporosarcina ureae had a
molecular weight of 305,000, while that of Bacillus sphaericus had a molecular weight of

340,000. Each enzyme was composed of eight subunits identical in molecular weight.
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Figure 1.2 The reaction of L-phenylalanine dehydrogenase



The Sporosarcina ureae enzyme showed high substrate specificity in the oxidative
deamination acting on L-phenylalanine, while that of Bacillus sphaericus acted on
L-phenylalanine and L-tyrosine. Both of them had lower substrate specificity in
the reductive amination acting on o-keto acids such as phenylpyruvate,
p-hydroxyphenylpyruvate, and o-keto-y-methylthiobutyrate. Two years later, Asano and
Nakazawa found that Bacillus badius exhibited higher specific phenylalanine

00 and composed of identical subunits

dehydrogenase activity than those of the previously reported strains. In their report, the
enzyme had a molecular weight of 31();{)

with a molecular weight of 41 00&42.000 fy
oxidative deamination was h;gmj:phen,lalam was rather low in the reductive

amination with phenylpyruﬂ!@"/ FOX henin;Sf?uV'ala-and 2-oxohexanoate.

ed thét the e

te specificity of the enzyme in the

wwmes from these bacteria

composed of eight ide S, ¥ olecular ‘weight of 39, 000 to 42,000.
In 1989, during the cou ‘ ! ' '. e 1 thaI degsadatlon of L-phenylalanine,
Misono et al. found a dimegfic epet nine dehydrogenase in a soil
bacterium. It was identified 7 : ,. ( \:K\and its enzyme was purlﬁed to

The enzyme had a molecular wei and consisted of 2 identical subunits.

Yy

It also catalyzed the jmdatlve "'Jeaimﬂatl “of L-p alanine including several
other L-amino ———— “of phenylpyruvate and

p-hydroxyphenylpyruvatcu?y."“ The enzyme Al?‘_'i* as a natural coenzyme.

3-Acety1pyridine-NAD+ the NAD+ analog, showed much greater coenzyme activity than

U
NAD*. D-Phen ]’Tﬂ‘;‘hibiwd the oxidative
i heny alanlne inhibi

deamination of oreover the enzyme reaction was inhibited by

TR A e
showed E iv ti foceeded ?T eq dered ternary-

binary mechanism. NADH bound first to enzyme, followed by phenylpyruvate and then

-y

ammonia, and the products were released in the order L-phenylalanine and NAD".

The phenylalanine dehydrogenases have been purified and characterizd from
some mesophilic bacteria. However, they are not stable enough for industrial and clinical
application. In 1991, Ohshima et al. purified and characterized the enzyme from

Thermoactinomyces intermedius and found that this enzyme was thermostable, not



inactivated on incubation at 70°C, pH 7.2 for 60 min. The enzyme consisted of six
subunits identical in molecular weight (41,000). The enzyme preferably acts on
L-phenylalanine and its keto analog, phenylpyruvate, in the presence of NAD and
NADH, respectively. Initial velocity and product inhibition studies showed that the
oxidative deamination proceeded through a sequential ordered binary-ternary mechanism.

Bacteria that produced NAD"*-dependent phenylalanine dehydrogenase were
also screened among L-methionine utilizes isolated from soil by Asano and Tanetani in
1998. A bacterial strain showing phenxl‘lpwdenydrogenase activity was chosen and

classified in the genus Microbacterium e is composed of eight identical

subunits with a molecular w appr_9x1m 000. No loss of enzyme activity
was observed upon incm ’ _.55° for M In addition, phenylalanine
dehydrogenases from Rhedo and No:% sp. 239 were characterized.

The results indicated th

In a study of the ster‘e,ﬁéelecu% hydride transfer from the C-4 of
nicotinamide ring, Asano et” -"af and “E‘l:ﬁmj;iet al. determined for the
B. sphaericus and Th' oaciinomyces-enzymes--+987-and 1991, respectively. In both
f NADH was transf 0 ge ; rate [2-> H]-L-phenylalanine.

cases, the pro-S hydroge :_

The result suggested that the phenylalanine dehydrogenase was in the majority group of

e ) 1) T D05 e
o nmmmmmﬂﬁ 11—

Both structures showed that Rhodococcus L-phenylalanine dehydrogenase was a
homodimeric enzyme with each monomer composed of distinct globular N- and
C-terminal domains separated by a deep cleft containing the active site. The N-terminal
domain binds the amino acid substrate and contributes to the interactions at the

subunit: subunit interface. The C-terminal domain contains a typical Rossmann fold and

orients the dinucleotide (Vanhooke et al., 1999). In addition, Brunhuber et al. found that



Table 1.2  Comparison of properties of microbial phenylalanine dehydrogenases

Sources
Properties B. sphaericus  S. ureae  B. badius  R. maris
Native M; (subunit M;), kDa 340 (41x8) 310(41x8) 335(41x8) 70(36x2)
Specific activity of final 111 84 68 65
preparation (U/mg protein):
Optimum pH:
Deamination 11.3 10.5 10.4 10.8
Amination y ' / | 9.0 9.4 9.8
Thermostability (°C) ‘ //O <55 35
K, (mM) |
NAD 17 —"‘/‘J 0.15 0.25
L-Phe q 0.088 3.80
NADH 0.21 0.043

0.106 0.50

Phenylpyruvate \\‘ :
Ammonia \\ 127 70

Nocardia -K oaetinomyces Microbacterium
\ \k medius Sp.
¥ - " \
4{5 223 N

Native M, (subunit M;), kD 12" \ 270 (41 x 6) 330 (41x8)
Specific activity of final 3@.’@' y: \ 36 37
preparation (U/mg protein | fﬁ i <
Optimum pH: =
Deamination Lo an 11 12
Amination .-"?"? o 9 2 12
Thermostability (°C) - 55
K, (mM) _’
NAD f' 0.20
L-Phe m 22 0.10
NADH 025 0.07
Phenylpyruvate ‘o 0.06 0.045 0.30

Ammonia ﬂ u E] d])ﬂ 9 85

Source: Ohshima and Soda, 2000
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the kinetic mechanism of this enzyme is ordered as NAD" binding prior to phenylalanine
and the products were released in the order of ammonia, phenylpyruvate, and NADH in a
similar manner as previously reported. The enzyme shows no activity with NADH
analogues. Interestingly, initial structural analyses of the enzymeeNAD"ephenylpyruvate
and enzymeeNAD"ef-phenylpropionate complexes established that Lys78 and Aspl18
function as the catalytic residues in the active site (Brunhuber et al., 2000).

For cloning, there are few reports about phenylalanine dehydrogenase

available. The genes encoding the enzyr*éf %e cloned and sequenced from Bacillus

badius (Asano et al., 1987 and X’gl&:ada et al. acillus sphaericus (Okazaki et al.,
1988), Sporosarcina ureae«-GH-l-bme et ~al., 1950 ermoactznomyces intermedius

(Takada e al., 1991),an bcoccus p MA™ (Brunhuber et al., 1994).

domain responsible for n 1 n‘g e re uhs of conserved residues in the amino
£ J

acid substrate binding
mé?#e@o mw be involved in general amino
acid binding, and in amino aci 1sp;1:{mnat.u§@nh er et al., 1994).

Although the phenylalam deh@nase from various sources have been
cloned and sequenced bnthe conventlonal me m%?consumed a lot of time and
j lymerase chain ctlon (PCR) is a powerful
a of rﬁomblnant DNA research and

- —:J O O ® .
technique that has been dfyeloped recently in the
is having an impact on mapy areas of molec cloning and genetics. For cloning and

sequencing of aﬂ u EPQ#&F%%&EE wﬁqmas been also applied.

Since only two short peptide sequences of the enzyme are requlred for design the initial

prlmers s"!t gq‘ mw Wﬁﬁ with genomic
library cloming method. That s, his technique, a target sequence of DNA can be

amplified a billion fold in few hours.

Due to the selectivity and specificity of the PCR rest on two primers specific
for the gene, the requirement of two specific primers itself restricts the application of
conventional PCR to amplify sequences that lie outside the boundary of known
sequences. A modification of PCR, which is known as “inverse PCR”, has been invented

to amplify an unknown sequence which juxtaposes a known region (Ochman et al.,



1988). However, this technique rests on rather unreliable self-circularization reaction,

which often results in concatemerization (Rosenthal and Jones, 1990).

In 1990, Rosenthal and Jones described a modification of PCR that allows
walking and sequencing in any direction along genomic DNA starting from a known
sequence. This method, referred as “cassette-ligation mediated polymerase chain
reaction”, comprises the following three steps: (i) digestion of target DNA with multiple
restriction enzymes, (i) ligation of cleavage products to double-stranded
DNA cassettes possessing a correspor}cﬁrw estriction site and (iii) amplification of
cassette-ligated restriction fragme‘nts contal@gn known sequence by PCR using
the specific primer which anmthe .Hno e of the DNA (Primer S) and
the cassette primer which K ne trand Mette (Primer C) (Figure 1.3).
Walking along the DNA y epeaungulth\ﬁ

ing to I;hb sequence information from the cassette

ssette-ligation mediated PCR
using a new primer synt

primer. Since the direct

this research. W
Amino aciai ehydro

of amino acids from chira:l}ubstrates, keto ia, as well as for analysis of

L-amino acids, keto acids, ﬁammonia and assay, of enzymes of which amino acids and

keto acids are thﬂ %Lﬁjkfg wﬁﬁ{’rﬁg Wﬂé‘?ﬂaﬁgenam is used for the

continuous production of L—phenylalanme which is important as a starting material for an

S 1 N 7440 PR 113313 B

1987).

Several enzymatic processes of L-phenylalanine synthesis have been reported
previously: L-specific hydrolysis of benzylhydantoin (Yokozeki et al., 1987), amination
of trans-cinnamic acid (Yamada et al., 1981), transamination from an amino donor to
phenylpyruvate (Wood and Calton, 1985 cited in Schmidt et al., 1987),

and two-step conversion starting from acetamidocinnamic acid via phenylpyruvate
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(Nakamichi ef al., 1984). However, these methods are not practicable in a large-scale
production. Reductive amination of phenylpyruvate by the action of phenylalanine
dehydrogenase seems to be another promising way. Since this reaction requires just only
the coenzyme, NADH, which was regenerated by a second enzyme, formate
dehydrogenase (EC 1.2.1.2) (Wichmann e al., 1981). The modified coenzyme is retained
behind an ultrafiltration membrane as shown in Figure 1.4. The system contains
L-phenylalanine dehydrogenase, formate dehydrogenase and NAD", which binds with
polyethyleneglycol by covalent bond (P{EY}? D™), so the hybrid molecules cannot pass
through the membrane. The reacuon to NADH was started by addition of
formic acid and formate del@ﬁase 3hen ‘phenylpyruvate and ammonium
formate (NH;COOH) Continuies i ._

L-phenylalanine and car

reaction Tﬁ'ﬂngh. reactor and the products,

Wer réleased. Iﬁ"*addition, optically pure three-

and ammonia by couplmg fou‘r;ﬁlzym & tions catalyzed by D-amino acid
aminotransferase, phen%alamne‘”ra:é’emasq; ﬁ%-;ﬁl'axune dehydrogenase, and formate
dehydrogenase as shoWITii-Figuie-t0-this-is-basea-on-tae high substrate specificity of
. 'é'-'!bw structural specificity for

the substrates of D-amino acid aminotransferase. D-pff'éhylalanine and NADH are

fa Q/
regenerated with e(f;g \ i : , f ‘ ogenase, respectively
e, 55 1o § NETTIWETAT
O IWE ST (v waN i L
(1,3-dioxolan ﬂTp ﬁ)ai gﬁ s used for an

alternative synthesis of VANLEYV, a vasopeptidase inhibitor (Figure 1.7), was prepared

phenylalanine racemase and the strict enantioselec

from the corresponding keto acid reductive amination using phenylalanine dehydrogenase
from Thermoactinomyces intermedius. The reaction requires ammonia and NADH as
shown in Figure 1.8. NAD produced during the reaction was recycled to NADH by the
oxidation of formate to carbon dioxide using formate dehydrogenase (Hanson ef al.,
2000).
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HCOO PEG —NAD" L- Phenylalanine + H,O

CO, A Phenylpyruvate + NH;"

b)

: nylpyruvate, NH4COOH
T
uJ '

Figitte 14 Enzmﬂiwgg cw EjW] %}J%q% regeneration.

(a) Redttion scheme, (b) Réactor scheme

ITRININ DA Y181 B

genase

PEG : polyethyleneglycol

Source: Hummel et al., 1987
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Table 1.3 Synthesis of (S)-amino acids from 2-keto acids by using phenylalanine

dehydrogenase and formate dehydrogenase

Substrate Product Yield, %
Phenylpyruvate (S)-phenylalanine >99
4-(hydroxyphenyl)-pyruvate | (S)-tyrosine >99
4-(fluorophenyl)-pyruvate (S)-(4-fluorophenyl)alanine >99
2-0x0-4-phenylbutyrate (S)-2-amino-+4-phenylbutyric acid 99
2-0x0-5-phenylvalerate , valeric acid 98
2-0x0-3-methyl-3- -aming-3( y1-3- 98
phenylpropionate TOPio ‘-'“"
2-oxononanoate na: Cragid ™ 99

N
Source: Asano ef al., 199
N
Iy
AL
)

R, -
>CHCCOOH 1 >CH-C-COOH + H,0
R,

[ <y
0 E‘ ﬁz H NH,
Y,

N ¢ o v/
Figure 1.Q WQSMW{HIN% @@ﬁm@ﬂ phenylalanine

dehydrogenase (PheDH) with a regeneration of NADH by formate dehydrogenase
(FDH).

Source: Asano et al., 1990
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HCOO 2-o0xo0 acid

CO,

Phenylpyruvate + NHj D-Amino acid

2

Figure 1.6 Enzymatic syn tienzyme system consisting
of the coupling reaction of
1 : Formate dehy
2 : Phenylalanine
3 : Phenylalanine r.

4 : D-Amino acid

allysme ethylene acetal

Figure 1.7 Structures of allysine ethylene acetal and VANLEV

Source: Hanson et al., 2000
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Figure 1.8  Scheme for fl ¢ 0' 0 acid acetal to acetal amino

acid. Phenylalanine deh '
acid. Formate dehydroge: D \\\\\ \ of NADH.

Source: Hanson et al., 2000

L-phenylalanine + NADE+ 5

ﬂUEJ’J‘VIEWIiWEJ’]ﬂﬁ

1aphorase

Ao *W"i NARIE WA VR

Figure 1. 9 The detection system of L-phenylalanine
PheDH: phenylalanine dehydrogenase

INT: iodonitro tetrazolium chloride

Source: Wendel et al., 1989

onyl ruvate + NADH + NH,*
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For clinical analysis, phenylalanine dehydrogenase is therefore applicable to
diagnosis of phenylketonuria, which are transmitted by an autosomal recessive gene.
This deficiency is a result from impaired activity of phenylalanine hydroxylase
(EC 1.14.16.1), the enzyme catalyzing conversion of the essential amino acid
phenylalanine to tyrosine in liver. It causes an excess of phenylalanine accumulated in the
blood and spinal fluid (Guthrie and Susi, 1963).

Although several methods have been reported for the quantitative

determination of L-phenylalanine in p{1 sﬁ ?!Elc fluids such as spectrofluorometric

methods or by column chromatography usin cid analyzers, they are not routinely
applied. Since spectroﬂuorométne-method _feq oteinization of samples, a large
sample size (>1 ml blood) M _

or high-performance liqui

S c1f101tMe use of amino acid analysis
ph requlre hmphlstlcated instrumentation

and deproteinization of s
Enzymatic ass larly_;plta le method for clinical routine because
this method has many adva c‘ﬁ as ra}}(fj St [ﬂc as well as specific, and requires

only a drop of blood for the simu nceilxs'de jation hf L phenylalanine. This method

couples simultaneously the eactieii-‘- of I§(H) -dependent phenylalanine
dehydrogenase by using a seconi_mactlo i hich initially formed NADH and
diaphorase convert INT_\to a fomfaz"ark- Th.ts El‘m measured in the visible range at
A 1 del et al., 1989).

rec éling assays involving the
!

492 nm. The catalyzed rez Ciions are showi i Fig

Moreover, Nakamura et al. found t

coupling of transammases and dehydrogenases can be ap;]ycable to detect other amino
acids that might ?Tjgkg{ ma svTeEJ: rﬂ Ejmj Ua&a\ormally high levels of
these amino acids; ( et a di assay of phenylalanine
dehydrog pted by shock
wave smcﬁeﬁ ;tjoﬁ ﬁun ﬁmm gﬁlﬁnﬁe]ﬂjﬁ ]ﬂ sensitively by
measuring phenylalanine dehydrogenase activity leaked from the cells (Teshima et al.,

1995 cited in Ohshima et al., 2000).

Thermotolerant bacteria, isolated from 20 and 22 soil samples collected from

temperate and hot spring areas, were screened in medium containing 1% of each amino
acid. They were further screened for various amino acid dehydrogenase activities using

formazan forming method. The results showed that strain BC1 was one of bacteria, which
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showed high activity of phenylalanine dehydrogenase (Suriyapanpong et al., 2000).
Furthermore, enzyme activity can be induced by L-phenylalanine and phenylalanine
analogs such as tyrosine and tryptophan. Subsequently, Leksakorn purified and
characterized phenylalanine dehydrogenases from the thermotolerant bacterial strain BC1
and found that this enzyme had molecular weight of about 358,000, which consisted of
8 identical subunits. The enzyme showed high substrate specificity in the oxidative

deamination on L-phenylalanine while that of the reductive amination was on

for 2 hours and 50 % of the activi

for 30 hours (Leksakorn, ZOM thqp p Mhe enzyme is suitably used in
drug and food industries f . _-‘Me in physiological fluids and

phenylpyruvate. No loss of the enzy W as observed upon incubation at 40 °C
“ 1 cubation at the same temperature

also used for synthesis of

In this study.ddentification of - tole A cterial BC1 strain will be
performed. Cassette-ligatig 2 ,. R e {i'i@ to prepare full length of
phenylalanine dehydrogena ot ' ail, the N-terminal amino acid
sequence and one part of integhal nnmﬁac; ill be analyzed and used as the
data for designing the degene. ted_;g.mt' PCR amplification of one region of
phenylalanine dehydrogenase gené’iiéﬁ},' ism. After that, amplified fragment
will be used as templas for DN"K’ sequeﬁi: T esult will be further used as a
primary data for the néXt-amphification;-v vhich ied to cloning and overexpression this

gene in the final step. D M

ﬂUEJ’WIEJWﬁWEJ’]ﬂ'ﬁ
QW']@\?ﬂ‘im UAINYAY



	Chapter I Introduction

