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ask
1.1

TR R =" B AP (monocotyledon) & A E[  (Gramineae) [V TR |
(Bambusoideae) F5i 5 £ K| (Bambusaceae) » HFE| 62 if 0 A4 1250 76 5
fel 73 T[ﬁi%?iﬁwﬂﬁ%?iﬁg el VS EE R Eﬁ?’\'\"37 i 700 gRAE > ZRN
5 s 50 BRAE - NFEPY T T 20 BRFE  JTSOVELE - FE e - ‘ﬂg‘l?’i B TRV ER P o
AP TSR R e A P ﬁﬁiﬁﬂﬁmﬁﬁ%fﬁ?ﬁ B S SN T B AR
ﬁ%ﬁ?ﬁﬂ%ﬂ[[ﬁﬁl“ﬁj 26 5300 721 » £ 122 Tgf 200 A1 | U RPN ﬁljf‘,?ﬁﬁ Il
4+ RF9E 79 7E (Chang, 1991) o = fol hLi% % T /gf (Bambusa) - ’ﬁP g
(Dendrocalamus) * =3 g} (Phyllostachys) -

FISRRHT ﬁﬁfﬂﬁjl;@%ﬁ&%j\ P H Ak o e TRy L AR
CE LRI O T BT TR0 - TR R R R
,'ginp__ ET iR ;?g@;«ﬁm\ ﬁl’J = Tﬁ”lii?iﬁ_f‘p'ﬁﬁ » T gﬁguiﬁﬁfiﬁg&;a&gaw@
(Prutpongse and Gavinlertvatana, 1992) o

1.2 FE= 5 OBt

FEPE shikimate pathway ﬁ@%ﬂﬁffi{%’f@ (aromatic amino acids) o % [~
ﬁ?ﬂ (phenolics) RLAFPIHL Pﬁbﬁfﬁiﬁiﬁ’@f{ﬁiﬁ}: A [2Z3F (secondary metabolism)
Ak ny 7 k% P (Figure 1.) « EIf[IFY general phenyl- propanoid pathway = f
Fi= R ARy > & }‘ﬁ phenylalanine ammonia-lyase (PAL, EC 4.3.1.5) ~
cinnamic acid 4-hydroxylase (C4H, EC 1.14.13.11) #[! 4-coumarate : CoA ligase
(4CL,EC 6.2.1.12) - iﬁﬂﬁ'?’ii A YBEIPY core-mechanism > Vi s EE 1 &
EET fﬁJEU F3L o TN NEE SR AR R P 71U ¢ flavonoid ~ anthocyanin
0 FIfZ b 3,000 761 ] {9 flavonids BEFLA o [IFE SRR R -
(GRS (R O BTf;Tﬁ YA R Ak PR e BT fﬁ%&%ﬂ_ﬁ%@{ff L-phenylalanine #
1 PAL dHifghsy trans-cinnamic acid o 87° [[E‘HT%EL_}FJ’ trans-cinnamic acid %~
hydroxylation §Eifg=Y 4-coumaric acid ; B [™ P EfU# S £} cytochrome P450
monooxygenase * “JHiERL C4H > T;'TJ::LHL LI ??"’;Ei%"’i (elicitor) ~ Al 5= R J??’TE
il (Fahrendorf and Dixon, 1993; Bell- Lelong et al., 1997) - fi] = ?@ﬁiﬁﬁ%ﬁﬂf? PAL
ﬁ‘[?j% (Mizutani et al., 1997) -



V- W

- a
L
Chorismaate mulase 5—(&-@
=

—a

aH

Chorismuote

Chuinic ncid

T
I E oM
L] oH
o-Cinnamoy lguinic acid

feans
H
p-Coumaryl-
quinic acid

Chloragenic ascid

Malonyl Co-A

E
oH

Prephenate

v

Gy

wasi] 14

4] I-|,|_

Phenylalanine

¢ Phenvlalanine ammanioe Ivaie

s G

trans-Cinnamic acid

ﬁ,ﬂ/ﬁ\gf Cosd

HO
Coumaryl Co-A

Cynarid alooliel

Chaleone synthass dehvdrogenase

oH

oM o
MNarimgenin chalcone

i

Coumary] alcohol

v

Ligmin
£
o o
™ A
Maringenin
Flavonoids Anthocyanin (Nagarho, 2002)

Figure 1. Pathways for biosynthesis of phenylpropanoid products derived from

phenylalanine ammonia-lyase.
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1.3 [ R i

+ 1961 @Ef » Koukol #I Conn &kl fEA% ‘F”[HIéﬁfﬁ%ﬁ%’[@ﬁﬁ@%ﬁﬁﬁf@
(phenylalanine ammonia-lyase, EC4.3. 1.5 I') "» fi#i PAL) fV& v » At %
EFEI'\’J?[\‘EIFTJ—%J’FJIZI s PAL WS E% 7 & ﬁ%ﬁhﬁmﬁfpfmﬁﬁ% T @qﬂ B R EBTRL
?&ﬁq@?ﬁ@ﬁd » PAL fl phenylpropanoids % F’\ sy at— [Tk “‘Ji__ﬁ it
(flavonoids) A7 #T3 (lignin) ==& [ f“‘ﬁ‘,f}’d E3 ﬁ%‘ypﬂﬁﬁ%ﬁfé& o ?i@f[’d?gﬂlﬁfj
ERSRY ) ANAYE 30-45% gLEE I L-phenylalanine © PAL EIWF'[‘[‘QEIF??&%’ Eﬁ N
Ui (wounding) ~ AR 2+ %%‘éﬁfﬂ (growth regulator) #1% fF"J‘I\fEﬁ%’[Eﬁ Pt inge
P1 (elicitor) F’?F &L o iy |% (= o~ fg_}{—l L-phenylalanine 7% ZF 5 [~ &]
(non-oxidative) JRz+~ & (deamination) & % trans-cinnamic acid #{| ammonia °
Fl Hrjggjhﬁd PAL {%ft[“lm?%{ (tetramer) 7=Vi% 7 > Ji <" EIFF TS 250- 360
kD 57~ Py B (catalytic site) s G T 117~ (i@ PAL %
e M—F: &kl multigene family (Cramer et al., 1989; Fuka- sawa-Akada et al.,
1996) - ?FE]CPJ PAL ﬁlﬂn’j PRI, ik ?Jﬁyﬁuﬁyi@?J{EﬁuJEl}%%fﬂ elicitor > Tﬂ“ﬁ
7y PAL fEISAENIETI[ (Edwardetal 1985; Lowton and Lamb, 1987) « PAL 3:4f1%
ERS==5 fjngﬁ R cpﬁliﬁiﬁ”;’\%“éﬁ UV-B fufi F/‘IE&}?{ELI’JJ
2% (signal metabolites) » ﬂhE'ﬁﬂ@?Hh‘?if A= %’%ﬁﬁﬁE'ﬁﬁJ?ﬁ?ﬁi%ﬁgﬁi
fi= ° PAL RLAEPISEfHf RUR RN Y - 2 ikl phenylalanine pufTd
Voo WA P FB R PR R R R (phytoalexin) + K [ B¥ELL
(systemic resistance signals) 53]'@%'%@??@"/ = ’3 [P0 e F gL [ﬂﬂ,ﬁlﬁ P [
PAL ?Flli i @@?Jp RS (RBPU R E[ﬁ“ J[u@?ﬁ AUBE % -

PAL ¥ T3 91 (fungi) ISP (veast) [11- FURS & Pofl1f i
ARl Sreptomyces - Basidiomycetes #{1 Ascomycetes igE A E) PAL it 0 HAf!
A (eubacteria) ~ FHE%I (archaea) ==EhPuaf M fll[RLe 7 Mk - ARP2F 1 PAL Fir
SO AL AL S PAL T DRI h
lﬁﬂ““ﬁ" < % Y PAL f }H L-phenylalanine % 3 E5 == & 5 F’ﬁﬁlﬁ =4 P
(oxygenated derivatives) » J]J[! : hydroxyphenylacetic acid ~ benzoic acid derivatives
(Wat et. al., 1979) F£LF% = %Eﬂéﬂiﬁﬁz (Moore €t. al., 1979) | Ifjij=I52¢ | 53
S O PAL 04 5 W U B REEE S R T A
PR 5 T 2Bkl PAL fi Jﬁlﬁg}gﬁlﬁf 29 dF K PAL pUIpc s 5

Tyrosine ammonia-lyase (TAL) }{’—j’ L-tyrosine {# [*& % trans-p-hydroxy- cinnamic
acid (p-coumaric acid) ( Figure 2. ) - Rosler &= * ?FIL[' (1997) » 71 {i=" B A LR
Poilt PAL 2= TAL I 1ERLTl- (ETFTRGE (polypeptide) il « 7 550 R Afid
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H[F::ﬁﬁg{ %F,\I'F'J‘Z%“EIJ Phe Em"e@]’“ﬁi@f?o?ﬁ%ﬁmt Fit Fielt (Neish, 1961 Young
etal., 1966 ; Haviy et al., 1971 ; Jangaard, 1974) » Hl="ZAaP»F|["| PAL [z =
F| TAL JfE o frl B tyrosine 5 N S5O RARTIL LA Phe E| «%JJ (3

15H ColmiH
HEHG,
A T
-
AP & S L] Coy + MO
Argemnis

[ AIH
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Figure 2. Two alternative pathways of p-coumaric acid formation.

fi# [t (parsley) F) [ {faf [fil P44 ¥ (homotetramer) ./ PAL [f] 2T
(isoforms)> 35f Phe fiY Km [H#a[E KL 15~25 uM> 35 Tyr [[[5F 2~8 mM (Appert et
al., 1994) - .'”ﬁ]ﬁ@"%‘: PAL-1 FIJF; » ¥} Phe fV turnover number £j 22 st (Fl L
%f Tyr FIE5 0357 - i]E;ﬁ-"TiﬁJ SR T d RIS Tyr M RS ER ER
D EET pIgE > 1 K FIRS (S Z]fY PAL $5f Phe fiY Km ffifh 270 uM’rT Tyr fiY
K ffikG 29 uM (Havir et al., 1971) - R0 BT = K139 PAL =¢] TAL
3ﬁ’[‘fk o Y H#T PAL cDNAs /%l (expression) #/[# (Schulz et al., 1989 ;
Appert et al., 1994) ; Whetten =* Sederoff 7+ 1995 & ?F A E'J[ﬁjﬁiﬂ@?jﬁ%‘*{é
farkee = ok b cDNA fl1 > [l FRERSGERL A I =T F) PAL =2 TAL 5% < R =
K1 PALcDNA ¥ E.coli f[1# > rﬁfﬂgu A N T TR PAL % TAL 35 MERL
flfil— % polypeptide F&?Eﬁ o DA RSB T FIP] Phe B Tyr kS
% % p-coumaric acid : FURE [yl (€I S AR AR LD F RIHGRS | A
phenylpropanoid pathway FURYE (5 EE - b1 EE ij/ A= r:’* FYZE e TR
AT VWET PR AS [ > BTY[1 arogenate dehydrase ! arogenate dehydrogenase
YFH&HVT [l HEl > & chorismate [Y@f5 Phe HY Tyr [if. I/%*;QL R [P

4
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T Pesifiagt S (plastid) IV [FIF=1 o 202> Phe AT Tyr *“Jﬁ‘ifé? Arf 1R
AR IR PR - BT RUE] invivo SRR AR Ry S
%) p-coumaric acid % ﬁ@ﬁ’ﬂﬁﬁ*)ﬂ%‘%@f o juﬁfjﬁl@?ﬁﬁ%ifﬁt“r S o R A
EiE! PAL A1 TAL ElfJﬁﬂfﬁU@?'J L-a-amino-f-phenylpropionic acid > 'lﬁlﬁ’?‘/ Phe A
Tyr &I UIE o [N P50 5 =y 7 Fﬁ F%ﬁ%‘z‘ffiﬁﬁ rﬁ 2RSS o ([ L
L-a-amino-B-phenylpropionic acid [fil5**/kL tyrosine decarboxylase Elfiﬁﬂﬁjmj s
DINEE A I[ﬁﬁi@ﬁﬂﬁjﬂ ’ l’F—L’?’ Tyr AP R =15

L4 BFERE[I PAL VAHREP

IS 70 PR S 2 (SRR L PRI b 2 2
VSR TR I AR R U (VR [ (Cramer et al., 1985; Lowton
and Lamb, 1987; Hahbrock and Scheel, 1989) - ;ﬁ;‘:‘ R R ';EJ{%{FJZT}@%JFE BEE:
(=255 7 phenylpropanoids ™ £ P2y PRV Rl » A5 (R %ﬁ%ﬁ [
(metabolic compartmentalization) > =' ]‘E;[HZfTEL PN P j}—‘f’@%ﬁ’ﬁfjﬁlﬂz{‘é ° ETH]
FREE I B SRS R F e U S AT = ’Fﬁ*{g PAL ﬁé?%%‘ﬁ'[ microsomes i
B ot PAL JLPN-CBIACHAOE SRR 1 » PAL 5 EEROSETL T 6 (2 B
C4H iﬁ‘l‘gkﬁ@iﬁ"{l (Howels et al., 1999) o #1552 » J[IHI =] elicitor ElfJ?‘iEi » C4H
I PAL Elfjiﬁ‘[‘;kﬁﬂﬁfgﬂp (Howels et al., 1999) -

iy PAL I R AE DI 2 O B R
B 5 15?%%‘?!%%@%%% (tobacco mosaic virus) FVEXGHLE | FARIEFGER (systemic
acquired resistant) f[‘%&ﬁjﬂ (Maher et al., 1994) - $4E1([1 PAL FESY]] (suppress) fi*
TR TR I PALY JLIY B0 S (R e W %
PIRRHELD Y [ - (S fhE) PAL BTN - R F 14240 9 Ty
= I*?J?Ji—jﬁzﬁ} 60% ﬁﬂ,@ﬁ@%’ PAL “EIAZPITER (Howles et al., 1996) - PAL
SLIRONIRE | AR LY 00 4 O R SR i B = 7 5
- NERTEE AR 4y PAL RGBS G 7 VB epigenetic gene
silencing » 4kl co- suppression HY sense suppression (Flavell, 1994; Meyer,
1996) - PAL iﬁ‘[‘ik"r‘ﬂféff"iﬂIﬁé"?ﬂéﬁﬁéﬁ?%ﬁ%ﬁﬁ@iﬁ%ﬁ o il PAL AR
I (ISR RS L TRELA [ ST ey
& PSR BRI Bolwell, 1992)  FIRL [~z i 52
P Tﬁ“& PAL JESFA[RE 5L+ o (FURLSP [ [ PAL 327 5054 - T@?’iﬁﬂi’ﬁ DR
FPVRHY ~  (Dieguez et al., 1997) < SR E (598 THE2EF 15 f“‘fq{?‘[ PR gL W%@
PRAYZ P o FERRER [~ - B %ﬁEIIJ~JuTa§JF§EI':JT}FfJ» > i H:ﬁpﬁ[ﬂﬁ phenyl-
propanoid pathway <UZ[[FY2# o ‘L HGEAYTAE [ F[ B [dR@ PAL FLNpOL > o
#  phenylpropanoid metabolism > F’ I'] TFIE?J‘[: DU Eﬁ %TEI B 2
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phenylpropanoid compounds °

1.5 BT RG] Epr ]| =

L E@’?ﬁ‘]j’ﬁml‘éj/: b ﬁ?ﬁ*ﬁﬁ%ﬁfiﬁ > it ExPasy (SwissPort) EFR[Fif[1
LT 129,768 [AIERR] ) 52 (WS PAL PRI A T
8 PAL t't| isoforms %7 o K F PRI 2 =L 1,863~2,265 bp Eié RN =
TR /75 620~754 a.a. ’#EH‘VEREE}QQEH £ 67. 8~826kD e
FAFIElT PAL fiF] isoforms %7t - 7 FLEGTR HIE&%‘F’??J 30 FEI) e PR
(french bean) £4f7] > 71 %E fﬂfﬁlﬁ ) & J/ Y% PAL ﬁl[ﬂ@f}ﬂ?&%ﬂ lﬁﬂ*‘?&
?F’";ﬁiﬁiﬁyﬁ VTS5 RUIAS TTKD « BI9HE ~ FarAabliy PAL > 53~ BI59EL 83
kD © |25 isoforms ﬂm? & ./xgug[ﬂ@fﬁjr [/FT;«JI" CPERE - F R
SHEPIE PAL B 2Ryl exons - {ldt intron FRAZSY o 7 I AIFIIFY PAL
EIJ Zph- %Z‘EEB exon FTRZHY > LT intron ik o vk MY Hlﬁkjﬁﬁ 73 puPITE

f'F” PAL JLP SN G3E 2 £ 6 WAy £l -

PAL g™ 2 FL 5T (multigene family) Bﬁ’ﬁ[p“ﬁ AIED J“l[[ﬁ‘ PAL ﬁl
s EET PALL ~ PAL2 fOfg ] FRH-5 1% E Pt iy PAL ﬁlﬂﬁ AL
P o RPN DRI R ST [FIFEE R PAL ﬁl“% J
T R E R PR o IR0 7= A8 PAL EL — PAL3 » EUAS | PR3]
= PALIL ~ PAL2 A {494 Po 1fY PAL Wﬁ el }EIFJ“EIF[ UzE Bl PAL3 J?xj
i introns > = FEEAEGE Y PAL S 1RVRF PRS- FIE P90 PAL SrF '@Tfﬂh’}?
[l o iy S PAL3 FrE % PAL promoter P - il (RS 1l I -

[T PAL pUBLNSRRSIEREE = 55 > = I DM PAL FL[H o 5L
PR (AR D) 55 R R 5 E - JIAYAS RS G PALL A1 PAL2 » Y
TATA-proximal promoter == coding region ?Eﬁfj‘ﬁ']’l‘l s It KR RS EY
PAL3 F[I PALA (FRAHIE]g oy o 22287~ K[V PALL = PAL2 AP [ -
fli®] PAL1/2~PAL3 > PAL4 7 5 untranslated regions ﬂs%@rﬁf (E27 57 TN A
B R RO AT UV R e
mRNA pUig (=&l 5 Fl =70 Fpvs ﬁwf‘«LHIL.’—: o

PS4l PAL BLPNAY promoter [k EJ il boxes kLF'1 PALI
Z'#| DNA-protein interaction
JJH!- i FJ <H Jﬁiﬁ <Ey cis-acting element > ﬂ\I;H’T JIEEY & FIJJ‘H%\]EUFI’?E Jf%#ﬁg?
F 9 PAL LY promoter Eﬁi@‘?ﬁﬂﬁ"ﬁjiﬁf il boxes o Pl 2=# Table 2. -
T i [T pOPHfE PAL ELPY promoter ﬁj’?ﬂﬂﬁ'l’” Al Elifﬁ TATA box '] ® =
i putative cis-acting element (boxes P, A, L) o #||* [#a1 £ W*%I:;@?T S PAT Loy
(transient expression assay) ’EF_JIZ'E’ |[ﬁH|JﬁJH: QR TE7C i B e (R ETIEFfJ PAL

-

—

gene promoter i in vivo A1 in vitro pUEfERREIV] S

6
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AR elicitor SFABRVIES L TR 4CL B fie T AT PALA 3
BT E B ™ Tl (ELRLTE B I F ) S agtfomh BT < AR B 145 PAL EL
W%EJ*JE}% KA TR 07 F1 PAL2 {1 PAL3 BL#fE<a] o St
TRV AP Y B PAL AERSR RS RN ST R y;gg%
multiple PAL FL[NAYZPR -

Promoter BoxP Position BoxA  Position BoxL Position
PcPAL1 CTCCAACAAACCCC -175 CCGTCC -160 TCTCACCTACC -107
PcPAL2 CTCCAACAAACCCC -175 CCGTCC -160 TCTCACCTACC -107
PcPAL3 TTCCAACAAACCCC -178 CCGTCC -163 TCCCACCTACC 98
PcPAL4 CTCCAACCATCCAA -183 CCGTTC -136 TCTCACCAACC 268
PcaCL1 CTTTACCAACCCCC -52 CCGTCC -228 TCTCACCAACC -128
Pc4aCL 2 CTTTACCAACCCCC -52 CCGTCC -228 TCTCACCAACC -128
AtPAL1 TCTCAACCAACTCC -135 CCGTGT -260 GCTTACCTACC 51
AtPAL 2 TCTCACCCACCCCT -132 ? CCTTACCTACC -55
LePALS TTCCTACAACCCCC ? ? CTTTACCTACC ?
PsPAL1 ATTCAACAAACCAC -136 CCATCC -265 CCTCACCTACC 92
PsPAL 2 CTCAACCAAACCAC 204 CGCTCC 2227 CTTTACCTACC -151
PvPAL 2 TCTCCACAACCCCC -123 ACGTCC 2227 ACCCACCTACC -76
PvPAL3 CAACCACCTACCCC -77 ? ACTCACCAACC -53

Table 2. Putative cis-acting elements and their positions on various PAL and 4CL
gene promoters.

At, Arabidopsis thaliana; Le, Lycopersicon esculentum; Pc, Petroselinum crispum; Ps, Pisum sativum; Pv, Phaseolus vulgaris.

1.6 £ PAL ' =& [H5i

HEIRETRI2E) PAL F[g,;@t,#[éﬁ;@t,;ﬁ% ' [ERLTE 1999 & Pseudomonas putida ||
histidine ammonia-lyase (HAL) “I5Z#| X-ray %Fﬁ#ﬁtiﬁ = ﬁ:ﬁ[F | 3,5-dihydro-
5-methylidene-4H-imidazol-one (MIO) > = fifl 1= [E# % Ala-Ser143-Gly f'l']
) 5 EIEE‘[E [*#=" (auto-catalytically form) > IF;MEL_Q 1 PrAE ZFL Y prosthetic
group > U7 PAL [ I')JH 9‘fﬁli’zf & (electrophilic interaction) ?iﬁ [~
B o MIO iif e 1999 5 IS, » J/ St RO [T HAL (EC 43.13) 7
PAL fuk ’Jﬁgﬁ%ﬁﬂ o B iy~ ‘ﬂ&rrff ffli™ ]y prosthetic group & ?ﬁ thiamine pyro-
phosphate ~ iron-sulfur cluster ~ pyridoxal 5 -phosphate - NAD(P)(H) ~ dihydroalanine
(DHA) #I MIO - i3 P.putida f[1 HAL #|*] F{g%!ﬁﬁ@}{ﬁ’ Ser143 #i5Y alanine »
lﬁllﬁ’?‘/if[[iii “JFEJLJ Ser143 11 prosthetic group .V FjiEfE+” « [ﬁﬁiﬁ@?ﬁﬁ?
ST YT PAL FIIEES Ser202 % frﬁl[ﬂ FuZbgs > (1 Figure 3. f' ) AEL ¢
L] Ala-Ser-Gly-Asp-Leu £ HAL I PAL ﬁ } (RS EY Bk I8 o Hanson !

7



57 3 R

Havir (1970) I@%J PAL F'J’Z’%&&ﬁkﬂ (Pathl Figure 4.) > lﬂ[[—‘[@%‘? TR #Jruf
3 i "TFE JPELET Y AEEL (amino) Sﬁw E5HlR-71) (leaving ability)- Efﬁ’]ji.jfﬁl FEL
prﬁ%ﬁl ffbf (s i # (leaving group) fi J’ﬁ] [;k ) ¥ 5 R A PR (NH3
ﬁﬁ'z%ﬁfgﬁ) » [PRLIZ € R non-acidic B-proton FE o FEES RS [ o HETNLE
BV Ejﬁgiﬁf[ﬁf@?ﬁmfjﬁéﬁ’ (ERL 2R o =2 il ﬁl‘”iﬁfﬁf@

[ L) LLES L ]

RN
I T EEEEEEEREE:

T E L E L E L LR L I e ]
o i e e e B e e e e

Figure 3. Comparison of the amino acid sequences around the active sites of PAL
and HAL of different origins.

AL Rétey =7~ 7 1995 ?Fﬁﬁl/%‘}% [I}F"[L" (Path 2, Figure 4.) > ELW‘?
%F“f '/ﬂ{%i ﬁ[ El’fbf | Fieldel- Crafts addition H U eiE S ISER o KH*‘E
S M ohydrogens JBﬁ ST T R
e fmﬁ,ﬁ F9%% BA-L i (base) (77202 B-proton - @W&&«ﬁfu* LT g
| 1] EfFfF’J1Eff}l+'J7F’:,Ifﬁ (aromatlclty) EJF:E}%‘FJE_F J RLH | (E FIJ o EJFKJ[HFI"H
[fk D ET- o YEY MIO F %%{2[;{1 N F= p[ sp’ fHA@Y sp? - R T
EXENIEAle rﬁ%@[l{ﬁﬁfrﬁﬂjcl?@o ST Ey CRIFRERREEY (R P > MIO flipy
ﬁl (carbonyl group) Tf i”“jkrufﬁl[_ﬂ = p’ 'H SFFB [77#7=" (= (protonation)-

I [B-2H2]phenylalanine ’él[ [ERLET 2 R A kinetic isotope effect » A&
t@ﬁgw‘ﬁ & Eﬁglﬁgf el @3‘ R o ') [*Hs]phenylalanine A1 [*Hs]
phenylalanine F{l (ERLET [ I 5] kinetic isotope effect » iR ELELET, 1 2 Zifl
AT R PR EE P FIR @?J" EIP JEs F'Elﬂl[ﬁ%fﬁﬂ L 4- hydroxy-phenylalanine
(tyrosine) £} PAL L% VELET - 1| 3-hydroxyphenyl- alanine (m-tyrosine) fiy{&"]

8
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W E L-phenylalanine &I
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Figure 4. Predicted mechanisms for the PAL reaction. (Popple, 2001)

L7 B PAL Il sk
1.7.1 SVBH

FIR 570 SEET ?ﬁlbUVﬁW?ﬁ@%Lhﬁ FIvRLi Rl A
) J?L‘ﬁﬁ%—}%ﬁl@‘ PAL i“, 1% > EAS % P2kL chlorogenic acid #1713k
(phytochrome) ﬁi?ﬁz—‘ﬂ PAL ?ﬁ'[‘ﬁ@f“‘ PR ﬁ?’?ﬁi PAL ?ﬁ'[‘ff i wﬁfﬂﬁ“‘fﬂ
BE'LFiF;;f[E'?FJ%J°T3’%J T A e flavonoid ,’?‘/ﬂﬁ%' (Ajd UV IV PAL &
%“%a@%ﬁﬂaﬁ%ﬁﬁﬁ%ﬂLmemnW%%°Tﬁ9”HFW“%
KTl m Py PAL it AT LI e p 1055 #5195 [ PAL > phenolic
compound/hpoprotem ¥ F [JIS‘E' f ﬁ:ﬁiﬁf[ﬁgﬂﬁiugg%ggg Al o

1.7.2 gliEmy

?%@%ﬁﬁd%ﬁjiﬁ ?‘ FELIET 1 PAL ?Fl[ﬂf ’ xﬂﬁﬂﬁ?%\'ﬁ?l" J 5 Eﬁ%ﬁlﬂ B
9« HIRIEGHET o IR PAL [0 f e . ox *’vrg‘w*u
Tt AL ;‘ CTECRY T[J’ff pLEsIFS«wEﬂJwJ ﬁs& 41 PAL ™l - $AEI S,
Fﬁllﬁ’?‘/ PAL g[%@?rl’?‘/ (de novo synthesis) > * % E\ﬂ'ﬂd“’" F o S A 2Pl
Pusir PAL Fyﬁl[‘ﬁ“ (Halbrock et al., 1979) - pIE[fE{1-> wa\bﬁf F[E‘/i‘gl]l
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V- W

WP PUT ~ fRp ek Bifﬁﬂ PP P2 o PG PAL ?ﬁl\iﬂﬁf’ﬂjﬁﬁf’{
Iﬁ'iﬁﬂﬁ]ﬂj’ ETH 'JI?J’E ,QTH‘E'"EEIE‘/ elicitor [fj[# » PAL Q;@? B fl— HEfIY
SIS riﬁ B TRg 7 7 7% ™ 3 PAL ?Fll & PEARLRLES R E SR B SR E

HP AR ST 40Tt o PAL W H5F iRk fe&#’iﬁ’? LAY %ﬁr*ﬁ

?‘ﬂ‘éﬁﬁfy@é‘é (sensor or receptor) > — U{é‘\ﬁ]t VEL o [NEL PAL T

fzf}di fﬁrﬁ?ﬁdf[f Flﬁ&j%@%*&%% =PI xy’:ﬁiﬁuﬁ’rﬁﬁdﬁ o s o

L AT E U > SESEY % PR Ogrf 1T (pathogen related protein) > & }“F[

chitinase ~ peroxidase =% > EEEY PAL rﬂ*ﬁ%”ﬂﬁ FUARG SR TJIUI“ Hf T RLHS

TeEifel o FUEAET” systemic acquire resistance (SAR) f17 Eﬁ EIRIF J’JIUI‘LﬁEJiEL« ’ ;ﬁ

RGPS = FRAR P s R 2 PO B ] - SAR RL{ 2 P2 E@t fL5T 7 (mobile

molecule) - Fﬁ"ﬁ’ﬁlﬁ%lﬁ%ﬁ“fﬁ il Sl Tﬁ SR EE PRI > ST

EEN: ‘ﬁjﬁéﬁ}lﬁgﬁqfé?{ﬂu4 L salicylic acid (SA, L > AJJFk) #{1 jasmonic

acid (JA, HF|JL) - SA {L PAL pv ™ P » }Wﬁﬁ]?ﬂﬁl SA T‘ﬁ;ﬁﬁﬁﬁa?}

K “‘J?J?E(E{i’ﬁ“ﬁ@ﬁ:\l%ﬁ?ﬁ? o

DI Pl S (™ & (Ha02) RLAG KR ETRIPY AOS (active oxygen
species) e HyO, 74 = J/FJ,E%FJ 57" (signal molecule) > — ‘ﬂ&‘l?i £y HoO, ftﬁﬂ’?*fﬁ’ﬁﬂ—‘

FLPE (“OFHEL (Bolwell, 1999)-PAL % H,0 Tl IRl [N15 PAL

kL SA 2 FEuEl- Wk (Dong, 1998) < Ff i #y HaOp PUED > Tl 41

PQE@?"EE' s BN IE R R AR EL o ARV ELEEEL (signal transduction) 3T =

] s B e —’lzﬁuﬂFlF f J’Fillﬂmjﬁlﬁﬁ)‘f ([t MAPK (mitogen activate protein kinase)

cascade ;iﬁf}ﬂ]ﬁj Q-LFUIJ—}}NFFJ ] J[;'ﬁ f:[F;,[FIJF £ o S‘,*U)ﬁ F"Lrj‘s[ ;f\uﬁyﬁ{?ﬁfllf

IF= cascade % » Ayl :(EEF ViR {2 L gk > i e F’W‘\g*ﬁ’ﬂpy 3FII'°_WF

[ '@ﬁlﬂ » i HR (hypersensitive response) Af =t I'| b 25 {414 ﬁfﬁ&ﬁfﬂ

B O PRuEAsE R -

1.7.3 Hi R

M ;’%%‘WJ (plant growth regulators) %fﬁ?’ﬂﬁg‘ﬁ | PAL fﬁ'[\iﬁ/é%g ’E‘&‘ﬁtﬂ
5T PR« FCH R 8 DT B auxin SRTIPIHE eytokinin
ﬁﬁﬂg&, PAL {1 B I T - 0 2 VELORARE (callus) rﬂaﬁl?ﬂﬁﬁéﬁi
ﬁ"ﬁ | 2 mg/L 2,4-dichlorophenoxyacetic acid (2,4-D) - 5%[*%% U 7] 1 mg/L
1-naphthylacetic acid (NAA) == 0.2 mg/L kinetin i‘ﬁ%ﬁl HE BET%{ éﬁjﬁj T
PAL JFl 5 7ok ISV 2 BRI A e - 1 mg/L
NAA %@F‘J*’Iﬁ@h[' PAL (il - kinetin 1 5{3 [IME”D fi 24 - EJ]:?HQ_T 35{2[
[0 2 mg/L NAA ¢75] PAL ik & £IfI#H > @[41T kinetin J27% 18 JDP ﬂ@
EAR e VR QR (SIS win o (AT PAL ST
FEpak B @ auxin #1 cytokinin TﬁlriT [FIfEFERYST PAL if[[_f.t °
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57 i

W E:Fﬁ?ﬁé;'/fﬁ@ RSP AF e a1 7 il bl A gl ﬁﬂﬁjWJ > e H A e BT
Y[l cytokinin M ¥ p auxin % Eﬁ Vs e 35530 PAL iﬁl\%@fﬁﬂzﬁ'%’%i‘ﬂﬁﬂ” o
BT RO R E | 2B 5] PAL 1% - ,5 | PAL G (B - LTS
actinomycin D Fi ”TJ\E'? &L L 7 70 fﬂﬁ,ﬁa?ﬂﬂ@ﬂ propanemlde =t Pogy
7% > PAL-mRNA JLIF=~ J/glg)[%‘é ﬂ%‘ o T T IS Eﬁ\mﬁﬁgwqa& Rl N
stationary phase |3l Bﬁ%ﬁlf[l I %4 FJEJJ‘ » PAL if[livﬁﬁﬁz”?ﬂﬁt IR - f'El
EX (glbberelhc acid, GA) HIEE¢Hk (abscisic acid, ABA) *“Jrf“facf PAL iF[[fk"‘ Y
2% o B REAIRT A (X auxin ﬁ’ﬁ cytokinin A ﬁ“?"’;ﬁ PAL ifllff s [Pl g
Fﬂ@z ABA ﬂjﬁkﬂ » GA ﬁ“f?yf’%f%ﬂf‘%é P PP GA F“,}iiq‘é PAL iﬁ
SNt (hgmﬁcatlon) FUFE 2 o e RRRAT Y GAS ¢ ﬂjﬁkﬂ PAL iF[[fk °

174 BPsE

T 28 EEY] cinnamate Z° hydroxycinnamate 7% P ’Fﬁ'?@«?f PAL V'~
T« FP A f@?“fl@?ﬁﬂﬁﬂ’?ﬁémﬁ PAL iﬁ‘l‘f&i‘;’% P==7)# 1% cinnamate =
p-coumarate l/r%qcl o o{iy frﬁmmﬁr PAL-mRNA Vi » i) i fEGREY 250 17
G *9FF cinnamate FH [J PAL-mRNA ViEiZF 54 *Jﬁé}_%ﬁi%qf”'ﬁ&’ﬁ
SR PAL A A [k R I P B DR I A
It cinnamate ﬁ[ﬁjﬁ?jﬁ”ﬁ]ﬂfﬁﬁi«_ FI%F |E§?THUWB§"I$@ R xﬂff*
ETRYEY THeBRINET cinnamate 1A Md; {4 > [N1G acid phosphatase 7 Hf kéep[ 17772
A RS o cinnamate [ fRLEYE T s Y

PAL F‘E&T—?%&%’;’B% S rﬁm Z[| cinnamate [V Jﬁéﬁ i invivo
fi'I'J*'] D-phenylalanine =* L-o-amino-oxy-B-phenylpropanoid acid (L-AOPP)
By iR o L-AOPP 5, PAL Vi gjﬁnfﬁmj , Fﬁ:ﬂjfﬁﬂﬁ |F 1% cinnamate I %
W R PRI (R o (IEGITER Y (Y (R o 4T L-AOPP #13
7 PAL TR > Uil L-AOPP ML f7 lE PAL JF IR 2 R
phenylalanine = {Rff| ? SYACGBSERT % 1% L-AOPP FY cinnamate 327~ & > &FE
I PAL 3 llﬁ%{%lﬂj L-AOPP == PAL E# 1 78S T 18 T?lfﬁ‘/ [ riff (7
@yuy[m@ﬁ;z‘f: p » L-AOPP [ =2 PAL BT £ - At ]
Ll PAL 31 -

1.8 ﬁ{lﬁ (5 i BB
PAL fg’f‘ FUAIGES » i e H%ﬁ[fj%%@ﬁ% R TR AR
f¥% = 4%} 17 genemal phenylpropanoid pathway 0 R 53D
(bmnChmg site) i {7 4 0 VTF fGL PAL O E| R B -
(postransiational phosphorylaton) [/ [FHAR » 53 LhL- (I~ BT
" iﬁl[ﬁkﬁgﬁﬁ’y@i o FFAE[F R grp 11 kinase HY phosphatase %5 g [“== 1.

11



57 i

AL I RIS P S E  F EA
EAEE 3=El:‘ FE§” l‘dﬁul—fﬁﬁ‘l&] AV F IEVEGTE (protein kinase) 7 ° EE“FF%‘?‘ZL
fi J%@ﬁ AtCPKl (CDPK, calcium-dependent protein kinase) i’ 5tk [~ £ %’”FU
PAL :ﬁlfl@frl/ F[‘ H‘jﬁ‘ft@?ﬂ’ﬁg‘ PJFI’@@.%‘ETQ[”’FﬁJq%q# (peptide, SRVAKTRTLTTA)
AEFRHE (2~ (Chang et al., 2001) « §H%] PAL EifolfVBHE [“3 41 » ’TéI?J FL{ETJJ
—~ CDPK £} PAL S5 Wi » ~pF Jstm SRS AR 4 ?Jliwﬁ'*?'iﬁ VR [Eae
T PR R R F'J}%KF‘T o o DR AT H R L 5T A
Ca**-stimulated protein kinase » ;7= EIF9EL 55kD o

PAL kinase £l ser/thr kinase - % [~ '*‘:“ A ”QJ}EL_ threonine > ﬁéﬁ{f"‘
m’fﬁﬁﬁl‘g Vinax 77 = F" IH’?‘/ v WFE‘ (subumt) EJBféEJZi » PAL iyl i ’”F
7053~ 4 kD PO IR PURARIREE] - BT PAL S VETRER {00 RS The®
J{F/E )55 VAKRTLIT (539~546) - % £ 2]l % » PAL mRNA B3
%ﬁ’ﬁﬁ@%%’gpﬁmiﬁ&?@‘%mw%%%,ﬁﬁﬂW%
phenylpropanoids £! = Lﬁ}iﬁ‘“ﬂ - CDPKs t'z,i' £ calmodulin-like domain .V frf |
BT > TR SF 1T N- f]ﬁ.}t kinase [H [>T > F.JE | calmodulin-like domain - £E £
P4 EF-hand [/ calcium F[E&: e ﬁ HIF] > B (= 1 A )G
R/K-X-X-S/T « PAL L= 7k f*%ﬁé%%pf% > ST elicitor RV 2 g
P 1 E B [ RifE (Bolwell, 1992) FUR S AP R Bt gy
E@%ﬁ'@i;‘f‘ I[_H@‘IAFIF Fei 1EL (R [~ =] ?%ﬂﬁﬁ TET T - Sy g [
feodbd S P o PAL A [ i %fpm’m‘q UEIASEIME 59T 20% PAL
subunits T;'TIT}QE[W%L'—F‘!@@IEI o iF—ﬂ‘J FUABGHIL (27 ﬁé{l&]“#" Fj‘ﬂ?L PAL =L
e - v FIFOPI T PAL BT [ ) KA1 - I PAL B[ (20
AL S RPI BAT o frsERS

1.9 #ERE

#TE) (Bambusa oldhamii Munro) s 78 i A 500 2t NI TR
4W%ﬁ@4#4%,*ﬁﬁﬁ%é%@#%’&fﬁ%ﬁﬁi%%ﬁﬁﬁqu
'“’W&“EL& SETETRLBI U S S R VR RIS V- o L E R J}JQ‘E 4% 9 k]

| PRI SRR ﬁF”J RIS 2 TR 6 P 1= 8 AT
%E’ff U Ay ARTTRIPNEL ;\ﬁ”*‘ﬂ P R ﬁqi b Iﬂimu;:mﬁﬁzw
A PR B AR o [ B w@& AU AT
NN %%El%ﬁgfféﬁﬁﬁﬁ B il > NIETRL ﬁ}{jmjﬁﬂyﬁj FEERH 1
HJ,%WL' HASES T o) 0 e [ [ LBV - Neish (1964) fRfEZhl PAL =4 7

FHE Jfﬁ% P E[PLIRTL PAL J PEpY A S RS A R Fﬁ% » SRR
ﬁ&fm W'EﬁWﬁEﬁF’%éﬁﬁ?ﬁﬁﬁﬁ%ﬁﬁﬂﬁﬁW%%o
Pl 9t o T R IR VRO [ PAL ST @B I I EA] o R PR

12



V- W

TRV A ’E’Tl’"ﬁéjiﬁmﬁ'lfﬁ%f% = BRI DR ET B S T IR R
LT [P ARG S R SN TR - PRSI o T L]
SRR e I e G ’ﬁ%é@ﬁbﬁi T T BB T‘ﬁlaﬁll S AR

d o TR IZS R (selfish) VAEYY - IJEEE (community) 03 % 5 2%5E - — 4%
TT?H‘H[T EJ]E —F[ I’uj@fr}]iw ) ]Z[ H ’FL["K”E . ’T‘:"—_J":EQE—-FI?' ’ fﬂ‘%]}lﬂyqiﬁgb }Jgﬁ s

- [T R S AP (] 5 IS T i
phenolics iﬁ[’“‘ﬁ?’ig HIAPIET (allelopathic agent) » 35[H |*57F1E_%'*J‘5 Y %‘ o — H&
FPRERIIERTAR 2 RUR IR e R ’%Tbﬂ\?%‘%ﬁ'?ﬁ e
GHEBL ) 5 B[R TR ﬁurﬁw— oo gt
ir%ﬁar Bt = PRI - o U S A - SR P i RO

o T Ig_iﬂwj}h ﬂ EIEEERCA J’?[grai;j;i o TR R 5 A
Pue 8 5¢ ﬁ%iﬁ _)(“tli_ cytokinins FIJF[EIﬁJ R U R Y Wﬁﬁ%l}ﬁ* i
tRNA Z'%| cytokinesis iF[Ifﬁ AR llirfl i Ef (activity equivalent) ﬁ 3% 1.8 ug kinetin/
mg (Lee et al., 1970) » “J{LFY I’S( FRIPVE pJ cytokinin “ RUARP Y [y
FRD— - I 7 TR 2 - B g
R AL ﬁj“& [f[ f}bj REAanE A0 ;E[J%J_A T ﬂE[o T~ [EIBE 'ET'F{ F{ ﬁl e =
FERRG=E > By 8 d TR (R I SRR A P e B 5 - JL}“JJ?FM;IEI
Fle Ef’ﬂfﬁ?ﬁjﬁg‘ﬁﬁ%@f%f‘ﬁjﬂﬁ@ , ﬂ\‘ff"}’l’?”?l TPRRRRL > = AR Y R [
[ = =

TrRY o O "f‘jih% » PRIFRTRIEIRT » i CH T 5 S AR TR 1R
PNTEY Lipid f,i%l% VI RIS TR AR ‘WEﬁRWa—Phenoncs( i
=+ RIpYEL p-Hydroxybenzoic acid )% - ’F‘IJ\ BHi~Fd ”’Tfé[“ PRSP F
PR P [T [ R 5 T?”E'ﬁwﬂﬁﬁﬁ'?*m o P AEE S
VA (Su, 1965; Sung, et al., 1971) %rﬁr*,;:%:ﬂ% Eak ﬁ;kﬁ% et
e ﬁq&ﬁ‘{\”'@?ﬁ%ﬁ‘ I 8] callus + = o (Rl k= X callus =2
&5 BMZ AT M@ (suspension cell)iﬁ% » Be){™ (browning) ﬁ\/f:’[ [“AYUET 4+ RLEr R
VI BN I'F_‘ﬁ‘/ IF=HE (=2 54V = RURLNEL phenolics 7 > phenolics £i A T

N4 F'JE@?"J (Su, unpublished data) » £57 7% FUBfF P70 o SR PAL FLZ A% FU3E1
ﬁ%@ﬁfﬁi& EIfl PAL St o FRS D IAEH TR o Pk PAL IR
s LV%%I’%? » fUHEE ”WJ‘/\W TRRE E[q“’%ﬂﬁfﬁ’?ﬂ%ﬂﬂ/ [AIEE -

I R R TR S PSR S (s TG bR
7[‘@7] Bk (HET i H Fﬁp@ﬁ['m]ﬁf 37 j?“éﬁﬁ&ﬁ:‘[:ﬂ@\ﬁﬂ’?fﬁaj (bamboo
shoot) ~ T (bamboo leaf) I'] » T (bamboo shell) » s ] H[Jﬁﬁﬁjﬂ‘ PAL fiu% (=
[fk@'ﬂ)bﬁm&rj—{\@'ﬂ Fu;@{e& 1T SR TR T D @FLM
=1 5 POBIN IS S A T (R R T -
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57 i

F%EUTT% PAL V& (= [i@ﬁ‘%& ;IJB‘"TTEU_ T PAL V[H] o By [ HER I
R T BTG B o IR ST o R PR 0 K ) B
TR (TR T ETEY PAL fY Bl isoforms o P PAL [V [T SEA {0 T
K PAL ST EY A T ( FlfJ%%iEf_‘[‘fk SN ol =R il ITF jJ‘ - [E
il I R IR A A e 2
JB8 TR0 S N PAL POy % o It > R R TR T EHQI ’
F“HL‘IT[PE M P el 3 A pY pal cDNA = [ 55 M o> & T TR
pal-cDNA Jo FL W Ry [ A2 =2 5 3 P4 T T pal L[N A E‘H%ﬂ Al
H] Southern » Northern bloting %* Western bloting $£ % » P & T &y
il pal gene #Z : I'J ¥ pal ﬁiﬁd?@fﬁﬁ%‘éﬁ%ﬁjﬂ o [ 3% 5§ T PAL IV
EEE e, ﬁl RN IR
2.3 B[ WP SRS 51 Ak g}z@ﬁ& R EENE RN i)
R EKFTHLT“E"I F'JFIJfF’JIEF&] %iji—_’t[{ﬁ B3
TRy PAL & 3! > 5% T YN PAL Al 3 1 Byig ~ A (™ (H (%) > )il
T L 50O L 5

5V H PRI

2.1 #1E]

T (Bambusa oldhamii) @ 54 #R & El i S el F,,{—j Y R ™
T o BRI o NETREZIE & fﬁfﬁlﬁiﬁ'iﬁj[ﬂ'ﬁj 2> LIRS (liquid nitrogen >
No) GBI | (U (30 o SRR i > = I Ty o SR TR I*Eﬁ“’rﬁﬂ
[FIFER e > ST 20 W -80°C UIAFT » B fufts 1 e > — ‘ﬂgt“?ﬂi
fol PRI 3 T AR 1 R -

2.2 R EVEENE

}{—ﬁ“ “HE i | (bovine serum albumin) &Y=k (200 pg/mL) 53 IH[JPF‘/ T [ﬂ

WA S R - TV 50 L BSA ffﬁ@&ﬁ&ﬁiﬁ& e ELISA e

ﬁﬂiﬁﬂﬁfl'”[” 200 pL HOR[A FE@J LS R R 5 5
oW 570 nm L e P RIRR VA 7 'IEE | IR R TS i > 5] ™|

W\Lg}ﬁﬁ IETAUARYENREL )k a{#,fﬁﬂ[p U VPR o

R S0 L [/“EJFJ L TSR 1 950 UL iE"‘F[I/S( S-S
iV L-phenylalanine 3% £L 12.1 mM » Y[IZ &4 37°C » » &g 30 Ji8 -

Y07 100 pL 6 N HCL > 5% (F= s o ') 550K 8 3F (Hitachi U-1100) 2|7 HufEF
VP FIE 290 nm Pk (- 1] 12.1 mM D-phenylalanine(=! ] PAL %
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57 i

D-phe &~ ) [E2 [ ISR (blank) ©

2.4, Btk
2.4.1 ’FLE?@?F‘E‘FJ?? (native-PAGE)

Bt =R ] 501 El'ﬂﬂiﬁi R10~20 pL Vil Ao ) 120 f<
TS i BRSNS R ﬁ%?ﬁz“ ST EEBU N TRESSRY 150 {RH
ARG B VIR e > AN L FERs © 7 4°CHS JEEJHIL_'—I Rl Jlﬁx*ﬁ‘jﬁ‘?&iﬁl‘% °
Fﬁlj]‘&|&7 l—:’?@?&l(f\bu [~ [f[rff\bu | k> F’)j@wﬁ fj%f{% o
2.4.2 SDS-@% B (SDS-PAGE)

rjif;,;ﬁ 0 IS SDS ﬁ%ﬁﬂ%rﬁﬂ,wﬁﬁ& "} 100C S
m 10 554 - ,ﬁﬁ P e RS 24.0 %Lﬁ“ﬁ%?ﬂg—ﬁr’ s
irw»@ra?ﬁﬂiﬁ—ﬁ 0.1% SDS -

2.4.3 ’?ﬁ%#di

2.4.3.1 CBR &f 1BTYec 35

B BT {7 CBR Bk riiﬁ@ §_FEHEY 20~30 STETE
ER[RREA B (FA'[ 10% (7]‘@%?&79 20% FIFH) o IJ= SRGESE A F U Rt
=5 A E[4 Fl FJEIFE&

2432 Pl IR Gybl P p i)
fE o B T TERA0% iR 25%ET ﬁﬁ“fﬁif[&?ﬂ)[ﬂ? oy o B L
T | il R B(7.5% Eﬁ&ig\&)iﬂwoﬁé‘a‘* B3 ke B @ﬁ&iﬁﬁiff‘
C@"El FIF « PJAse 3-5 7 o PR - 10534 - (I PR
» H J‘ﬁa%s W BI04 o T SEVEUR €(0.05% citric acid, 0.1% ' 1%, 15%
F' ‘ﬁ) [E <> 1% negative control (BSA) AV ETF l@’?i7 e TR A B
NEES %ﬁ’f{di ¢ BIRTRBH w o fL Ep K”EHI IHJQ(O 05% citric acid,
0.001% ethylenediamine)f[11Ff €7 53]: % o HIIf A i

T |4 P Z BT R
25.1 iFE'?E RS T
Va550-100 g VIl > TR S H R = - MR EGPIES AL 9 200-400 mL
I H It PR, JIHWE;L FIRIREE 3057 8 - 0 ik - FRURA T
0.5 % g 5T lﬁufﬁi@?ﬂprotamine sulfate, Sigma, P-4380) > #§#f15= > ﬁ?@%ﬁ“ﬁj‘
5730 5358 B 30 5342V o BRI SR RS I E] 40% 6

15



57 i

FIRG - R (53057 8 > BE 30505 o 2V i > HIS T AR RS
] 60% BEAIE - JHF L 630576 EES3055 8 o ViR I DRI ETRA(SO
mM Tris — HCI, 10 mM MgCl,, | mM EDTA - 2Na)if’\ s 515000 mLAZERAR
1o 2 DS VRERRA - [ F VAT #55305) ¢ (Hitachi RPR20,10,000 rpm)
R

2.5.2 TBAREIETE T

T‘i\hJ%Hl SR B E! LV Sephacryl S-200T8FE 52 E3fk A(50 mM Tris-HCL> pH
7.5510 mM MgCl > | mM EDTA) 547 H i £ 35 =0 SRRt o B et 5 =

R R B - LAY uﬁa(30 mL/hn)  ~ 4EHE 2-5 (R
?ﬂfﬂ” fi o TVl ﬂf[! HES3057 A i o i %Wﬁﬁqﬁﬁ_ﬁ (% B A
v jﬁ“ )ﬁiﬁ FIT> I'J30 mL/hr #2807 F?L;PTF; # [T o ﬂf i?\’g‘gelutlon)
HPER o R BRI R T 7 1,000 mL YRESEER - RS
7930 mL/hr > ™01 NE.W% AR S 5.0 mL o JIARER A 11.0 MNaCl ik -
AR ER A R e ?gagﬁﬁ&.&l JELISA reader ({5~ 53 #IfY §F VETEE
bif[‘[‘fﬁiﬁui‘mgo » PR SPALI IS - T ER{(Amicon, YM-10)iE » 251
N e

2.5.3 FHA LB :Fﬁ“f & (Phenyl-Sepharose)

Phenyl- Sepharose TR |55 Bk B ik = pH[ﬁlb{’ﬁ@ 9L TR [P o HVFfJ
- *ﬁé%ﬁ;ﬁ » BE 3055 S IO o 3 A R O i;qul(6O mL/hr) » ¥
ST R G (5 mL/tube) < = Bgif B TS5 fr*ﬁﬂ%a& U $BEARB 1“1;@;*3&
FETE TR o AR RS iy ERREk LA ETRB (125 mL) > [SIGEE
Wk L AZ EARA(125 mL) - 1%9%@1% 560 mL/hr > 1) 55 B A R S
mL - ’5 TR PR R Vi > R FER AR ERRA S Imixerf| o S H ﬁ%smg\l;agw
SEF RN o FJ 1%%%%@% " ELISA reader [fif[[= —~ 53 #[fiv g;fl@%@ * M
TR Sk il - &8 51 PAL iﬁ‘[‘i“ﬁﬁ[’ﬁ » BESRGHE 5~10 mL > [EIFC-20°CUFAT
I R 2

254 [EEE L U
DEAE Sepharose TBHI[FIBRLEIRGE  I'AEETRAGARE= pH (i wEES

U T RBELIE « SVSERIRRE] - BE03057 3 TR < S IR TR S T
BAMRAF VLT 475 * Bl 0 1130 mL/he 244 et F [ o PRl E 5 -
FJ ﬁaﬁ H’_ o ]ETJ:I?T }Hﬁf F" “"?% ! VEEfE"‘fsz iF‘E‘FﬁTu@TJt 550 mL/hr >

SR

'&IJF' JlOMNaCI P r‘fﬁzﬁuﬁa }{ﬁj’ﬁﬁ%ﬁﬁ lfnﬁﬂj\« o F[gfz\gﬁggx,,&”

\m[L
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V- W

ELISA reader ({5 — S a=f 1V =gk if A (- 5 2 PALY Fj{
’[‘Zkﬁﬁ 7 IR R (Amicon, YM-100EAF » 1515 — #7500

255 Bl THRATIETAE (FPLC) gt

I'Mono Q HR 5/5 (50 mM Tris-HCI > 15 mM MgCl, > 1 mM EDTA » pH 7.5) [* >
PIFZEARATRET §2~3 T B (gl 0.5 mL/min) o Byl *~BE= 10574 (Hitachi
RPR20,10,000 rpm) = 73k - TV 1~2 mI_)%iFf[Eﬂ} k ff%iﬁ[%t (sample loop) ° EhFHZL »
Il 0~100% iﬁaﬂr‘wﬁz(so mM Tris-HCI > 15 mM MgCl, > 1 mM EDTA » pH 7.5,
1M NaCl)ﬁJ@iF",Fﬁ%o 5 {53 R E 0.5 mL ifﬁagﬂi P HF3 T }liifﬁa%h Y
S EV Y PRI o TJELISAreader ({0~ 53 #{(0.5 mL)fYSf 1T Eiﬁ‘l‘sk

290 nm- A fify > g5 2 PALiﬁ‘[\ikﬁB i &= Hoihr e
261N-HiEH

2.6. frf VPR EA ST P

g(/jﬁf iK% 0 27 native-PAGE ﬁ? SDS-PAGE 557 » 7+ gﬁﬁ‘ HehZ Enlop 2
mM thioglycolic acid - 2 [ FIFHEL o ST A 1505 S [ e[ 1 730 55 28 - K
FFTVEDS ™ 100%F THF 1 1-3 7 - f |1 65 15 min - S0 WL - 1)
1/5 {9 CBR w&@ﬁffwl Syl @ EE R > 211 S0%F (RS
I S Sy VIS 5 TR BRI S 7RIS T ] 100% P
e o e e > SIRE IR 2 R sETE o IR A 2 e R
HRE VR IR LR R R

2.6.2Q-TOF (ESI-MSM S)

;{_Wifﬁﬁguﬁﬁ [T Bod AR ﬁjﬁg@ﬁ%ﬁﬂ“’ﬂ el Efiﬂ”;{_]’?@?ﬂ IR
1 mm® AU8EfF » 57 1.5 mL ﬂJr”'# Fl,[‘] o Ut 100 L FY 25 mM ammonium
bicarbonate/50% acetonitrile » I'] vortex =3 10 55 & - #]|*'| gel-loading pippet tips
ﬁﬁ’f?‘ﬂfﬁﬁﬁ FFERET SR ETHIE R P RS Vo [ P [EE = IS 30 )
S (IR SR A F e TR o n T 10 mM DTTiF’\ffz C R e e
H R > T S6°C NERRL T T Ejf SRR [ = R P2 0% DTT ?ﬁ‘fﬁ ’ LF;E}JEF”TE
CBR L[5 E*Iﬁﬂ’f%?}}?ﬂéj & 5 it ﬁl[ﬁj‘%}%ﬁ? 55 mM iodoacetamide © 7t %’
BN s 45 ST RN T Ef]’:j{if{ o U 2%vinylpyridine T VU
iodoacetamide FVIJf= - IR i 1) 100 pL 7 25 mM ammonium bicarbonate
(pH 8.0) » ~Eg 10 384 » M9l » V=i [%% 100 uL . 25 mM ammonium
bicarbonate/50% acetonitrile it -J* = FrHl-f< {2 BIAUE [EEp = A< KA
[ > HES o H A S o F }{—J’iﬁa’ﬁ‘&‘ *ﬂ Iﬁﬁ%{%éf 0.5-0.1 mg/mL trypsin iﬁ
LS J< » ¥ ovortex 5 i & o T 37°C N 12-16 ) ‘EH]: ° [l peptides I *
2 fﬁ?ﬁfﬁﬁff’f‘f":' vortex 5 538 - R BITILE S J1 5 o [0 ] gel-loading tip
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V- W

}{ﬁ’ peptide i?\f‘lr&%ﬂ%@ﬁm Gt *F'F,‘ o F[H] 2 fﬁjﬁé}fﬁﬂ@ 5% formic acid/50% acetonitrile
IS g 0 0 0 peptide TR - 1B 0 B4z Ty
=5 10 UL » I'] 5% formic acid /50% acetonitrile }{’ﬁ?ﬁﬁﬁﬁyj—ﬂ 25 L ° }{ﬁ’
58 Z[[iY peptide iﬁifﬁ%ﬁ'& 20 UFA 'ﬁﬁ Q-TOF-MS ffi"] -

27 f ORI
}{51’4°C¥?F[ A EH 7% Bk (10 mM CAPS, pHIT){F * SBR[ | =38 [k S
Ft ?ﬁjr.&p UPEH, T RS EE1S min e SRE IR R P A, i
Y N DE P RS F B I S Pl RS Bk 10 rmn&[ﬁl“ WTJVF]‘J
IRRGE 0 TR RA ijﬁ/ﬂiif Holity fH, TEIF'LJ?%E';(JQF[I[?F e VLT ] 3 R
Wi Augfo 9= TRRANER - &) B IR o el B '—‘E‘J@H A% F'EJ gl
e 7 Sadd s R IREE | %‘j '—Elﬁﬂ‘j ez > T EFBA B g - TR
W“ %@?ﬁ 91?[17 g eq o AR e = F'Effﬂ\‘*%fﬁ* °}H@H ]
fﬁl’ bR - #ﬁitﬂ B BV AR = JCF IO R G
G I) AR A (FLe) - }?}f%%ﬁm 1400 mA BF tIF[ﬂ;E?HJ v 1.5h il o g
EIES Bk & Fy’?"gﬁ@% 7 CBRZEe » ZE’[“EJ £ f}]—E RS ﬁ}' o E[IF Tﬁf JDE e ARYE
SF 1T marker (SeeBlue) » I 7 {EHRE -7 2T IEJE IiH FEJL@H ’?‘/ o
Pﬁrlﬁ[@ HI35 5 o EHE TR 7515 mL ﬁiﬁ&ﬁ'ﬂﬁ:p}& 6| AR = S P
AR D

2.8 YRy

ISR TR PR U 3 TR F"é‘é fl1 > F]I'J 10 mL PBST (phosphate buffered
saline & Tween)q’ =% BIVFH10min 0 J* H Jﬂj—ﬁﬁﬁjﬂ—‘ﬂ?}%ﬁf[&%{‘? o U P
TE-NET (0.25% gelatin, 0.15 M NaCl, 0.05% Tween, 5 mM EDTA + 2Na, 50 mM
TrlS)if“?JQ (R P~ L he VPR > ot *WL/F‘%'H’F",(TQ CEFESELD e &
il JPBSTYES %+ 555010 min » 7]~ SHRHUAIEING T - 490 =
Tlhel] PBST yEPYZ= =% B%10mine ') PBS &= 7% > H7%10 min - 7
DAB (diaminobenzidine) ﬁiﬁi’g*fﬁ%‘lo mLd €1 fHENERA > T Eijf PR el o
Beo AP I < B fTRIIETEIZ. DAB o I fige uaq‘pﬁﬂ;a |

2.9 3BT

b

2.9.1 Superose 6 #I Superose 12 (FPLC) ’Tg?ﬁiﬁﬁfﬂ#ﬁ

I'3% Bk (50 mM Tris buffer, pH 7.5)7 f#72~3 'J‘E\JJ? (0.3 mL/min) = V100
pLﬁFﬁ#d} ! ﬁfﬁ{hﬁ(sample loop) » I'Ji#3l 0.3 mL/min ik "éwﬁﬁa% B
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57 3 R

ELISA reader({fif[=— 53 5(0.3 mL)E{ijg];E’I@TEEf—EMﬁI‘% o PIIFII100 pLASE g
AESEUIEEARS b i TR el PN A M = AR A

2.9.2 SDS-PAGE

[k AT ISDS-PAGETE M) BE5; » JTLNEAFISEFEEIEREERO i {17 Ve S BT
A2 EHEE A 55 " RS T AREPhast > BT I P57 5 R -
2.10 P S (S

2101 Tk~ ety pH i

P9 [FilpH i B 5L Tk (Universal buffer » pH 3-10) R FESR A7 [filpH [l
ﬁl@ﬂr&iﬁiﬁ K 37°C N E3055 8 U 100 uL 6 N HCL 751 T » & Aggg
2.10.2 ik~ TEEVE

PR LTI 5 o 5 BIfEIRS RS ™ T 30 3 IR PR
I

2.10.3 iF‘} [“F-= (Activation energy, Ea)

“I'[logKeat (turnover number) 351/ TGS 1814 ) [H|T > F| #{]™ | Arrehenius equation
dlog keat = (-Ea/2.303R) d(1/T) » mp [“fj= Ea: % #FRFHRIR > fi7] log initial
velocity % 1/T ]'"’:qﬁaﬂ °

2.10.4 2 &%

SRR S BIEN T (FREVS ™ B 5210215430452 60 538 P2 0T
W'ﬁ 5 53El s Frpt FLERk > FY 37°C T 3055 \ZE[JE@%F?‘[‘%BU@F o

2.105Km ff

)7 [FilVE" fL-phenylalanine FERLET > JEPAL# [~ e 1~ Tt < I V[
%~ Tl phenylalanine &% (F5Y SRR > pLAR SR A M Km e

2106 = WREY HHn R

H] K" Na -~ Ca*" ~ Mg~ Mn*" ~ Hg™ ¥ Co*" KT E GRS E PAL
(ES7

2107 Z ¥ BPIERE YA

P PAL F9 P86 1 BRI« FUILE > = g 4 R
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V- W

F'IJ?'I (= Pl Eﬁ”?&}'{’%ﬁﬁ@ﬁg@l’”% ° A \\f?ﬁ'ﬁ?ﬁf@ » [eIEH
5 RS I 3k BLET ¢ o-coumaric acid, m-coumaric acid, p-coumaric acid,

trans-cinnamic acid, ferulic acid, p-amino-benzonic acid, caffeic acid, tannic acid.
2.10.8 FLETE)-

ffi*'] L-phenylalanine %‘Et?Fﬂ ?}‘{l]' NEGIRIY) ?ﬁ, D-phenylalanine ~ L-tyrosine »
L-tryptophan 53 RLET - 3E|JJL PAL iF Mo

2109 [~FSHIFIERA IR

e IS i S LU ['Tﬁﬁ?@J* }%KFTPAMF NES ‘ﬁ' PR FET R TR B A T |
B ’?HSF o [T R 3:1%' f'%}[’?‘/T QL= ﬁi’?’rﬁz B-Mercaptoethanol , DTT,
PMSF, DEPC, Vinylpyridine.

211 351 PAL FLERPOEES

2111 fEPktE]

™[ &] (Bambusa oldhamii) 7 ¢cDNA JL[NHE (FF, 2001)79?;\“51?%} DNA
BN (51, 2000)

211.2 ﬁ??%}

Lambda ZAP Il : 757 cDNA FL [ﬂ?ﬁﬁ SR AR PR ROENRL o A
H P11 XL1-Blue MRE AR (BB 2205 EIRZETARIORY S =55 -

pBluescript SK(-):Lambda ZAP 11 Ei&?%‘,m\jﬂ e [ 35 s B 2 JE&?E' » {247 cDNA
A e TN i

2.11.3 IR

XL1-Blue MRF’ Fﬁ#,—? Lambda ZAPII {1/ T,ﬁ} Rl

SOLR lﬁ#[—ﬁ Lambda ZAP II Eﬂ?ﬁ%ﬁﬁfﬂ et [ e A ?[JEIUES?FE A

MRA Fﬁ#,—? Genomic DNA ’g[ g JEE'JTﬁé E%I °

2114 HiEY

LB medium (Luria-Bertani medium), LB-Ampicillin Agar (LB/amp plate), LB-Tetra-
cycline Agar, LB-Kanamycine Agar, LB Top Agar, NZY Agar, NZY Top Agar

2.11.5 %5’&%%@,

SM buffer: @ﬁ'@%l?ﬁﬁ?fﬁ} It fﬁiﬁl{'ﬁl H] 220X SSC and 10% SDS: %’J[fﬁj 2X =
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V- W

0.5X wash buffer - 10 mM MgCl, buffer: *'|I']7/# XL1-Blue MRF’ 'l?%} o NBT/
BCIP substrate solution: * [#% [d &1~ /& - Hybridization buffer: ¥ [#% ?‘%F’ﬁ o o
Blocking reagent : i ’J)E’IEEJJ Iff?“‘atF | "~ & - Detection buffer: [ 5’[’9’1’1"§\m3 fi | o

2116 PAL Ff— HEHSHIR

SR =2 P,rjﬁuaﬁlf}’iﬁi phenylalanine ammonia lyase ./ ¢cDNA H-3[3%
{’—T}élgljk&%f SRR & HE[ Al (2 fEﬁE‘FF = degenerate primer » }HT [ﬂ degenerate
primer '] 73 {Ifiel35f 7 3£ 5 degenerate PCR - K HZ[[HY DNA A F:E 5 = S|
S REF R BT VEERY PCR B PR (EELEAS > T F(M ] nested PCR i
Y- -5 PCR Al i Pt -

PCR ™~ Y™

94 °C 5 min 1 7 el
95 C 45 sec
52 C 45 sec 40 7% f’ﬁfﬁi
72 C 1 min
72°C 7 min 1 7% 057RL
o TEES Y % | ’T}?’I@’“%ﬁ [*FAE = PCR & PURci (= 5 '“‘{&HJ PCR E‘H’JEIF}I | T-A

clone = * pGEM-T E}&’F‘“ » JHGERS competent cell #73E 7 B 5 L
[V DNA 5[l Sy PRl b= (= ?FTEFQ’”F?ﬁ STESNEE LT IND
B EATT] 5 P DNA TS[E 0.8 Kb - fif [EELZ (P Jﬂl TG > (T
&7 cDNA gi[ﬂ"gﬁﬁjq T T (B }%H—F—ﬁiﬂﬂi/ SF[#] PCR puH= “}{%]’ DIG-labeled
dNTP &t * F”TF\IF‘/EJPCR @?JHI » [ER PCR 1545 DNA £ pGEM-T/PALg gk ©

2.11.7 ;I'V&TTEU cDNA ?l 1_
2.11.7.1 TR PEEHOE]

N BT cDNA oY | SRR A 110722 1x107 pfu VR - VAL
F7)-1§1 50000 pfu/plate FUMEFTE) cDNA i > =2 600 UL ~ Agoo = 0.5 19 XL1-Blue
MRE® SRR A > 1t 6.5 ml NZY top agar(F 73 gm@;@ﬂ 9,
48°C) > AT NZY agar plate - %Trﬂj NZY top agar EEil 5k 37°C iﬁ%fﬁ ,
g 6-8 T3 8 T o] NZY agar plate Frh 4 C il = 2 1T B> (P top agar
3ﬁfﬁ?ﬂ nitrocellulose 'L ) 52 /] ‘53]: 5 fﬁ/ NZY agar plate (11 4C 0!} - 5
= b nitrocellulose 5 5 73 &# » &0 F[|H ] &l%ﬁgl]‘pt[',@rzja(@ BTS2
’J}iﬁ%lﬁ 3 (RIS L) 5 K nitrocellulose W GEAFHT 1.5 M NaCl 2 0.5 M
NaOH. I3 £13(fefl1 10 S5 4 » ffi DNA 53~ i@ (denature) » ¥ yEE - 15 5
I B iz < F nitrocellulose #HIRI%4T 1.5 M NaCl == 0.5 M Tris-HCI (pH 8) Fw
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57 i

iﬁif[fﬁ [l 10 534 > ffli DNA 5 =" f@1% > Brhosat 15 53 i sl iz - Fpr
nitrocellulose E’ﬁl&ic}fﬁ" 2 x SSC buffer 1 10 55 & » FeHWeE - 15 £ 20 55
BRI RN AR Hﬁaa}{j nitrocellulose E@E’ﬁj” ngié 12,000 W f9 UV ﬁi’ﬁﬁf H
742 E3 % ffi DNA 77 =" nitro- cellulose Eﬁ%’{ﬁé’?‘/iﬂ\ | j% Adi(crosslink) o

? [ ¥ NZY agar plate ¥~ 4C > rﬂj;ﬁ‘ﬁ/\ ’z”_‘%ﬁ&.’?&’|¢414|—‘_[_*5’_‘%7[‘;{§|:]1£ B ?T‘iﬁ'ﬁj

=0

2.11.7.2 %ﬁ ~ e

JEEEUH] 5 5% FY nitrocellulose YR FE 7 1k 35 B AV fREE S HEF T o 0 pre-
S 1R H ; ; i (L
hybridization buffer/blocking reagent I']3% [’—mglitaééf" M S 60°C T 3 T IRV
A~ 8 ] EJJ? ﬁj pre-hybridization 5t 7% & > J1 * DIG #5055 %[ PAL
fi~ BERERhEEA ST IR 60T E5 =D 16 /1 -

211.7.3 HevE

rﬁ 9@_’\ Mk RS = IV nitrocellulose ¥R > h* 2x SSC buffer H72E ™ [E Pk
10 JJJ%z F‘I?Ez‘r*ljil KB %o FEARr T 0.5x SSC buffer #° 60°C ™ j&EbE 10 778k »
f:l’F',;P.—: FH - * > ZVE nitrocellulose R H‘ﬁéﬁaﬁz » k" washing buffer [
=2 535 o Washmg buffer f[1ZVIT] nitrocellulose F#JH™ ?‘ﬁl r%(ﬂjﬂ;g “f<55 0 Bt
blocking solution [[1 60 53 &= 26 82 B FEfd 5+ AHEPFT blocking solution ‘ﬁ‘E‘
T 55V~ (1/5000)fY anti-DIG antibody » 2 ™~ /i 60 57 S AIFVEER - ffl
o ’:5 ~7J‘L = NS RESAY |&}H nitrocellulose #FIVH ™ '] washing buffer
a2 :#'LEL_R e 15 558 HRESRY {Fﬁﬁiah’?%&}{j nitrocellulose LIV » i
&Nz b detection buffer 177 55 5 558# » 17 JfEl substrate solution
(NBT/BCIP):E (= [ &1~ i K 37°C ™ Mt iR iyl iﬂﬁ i3] E\ﬂf % lﬁ;}%‘[‘ﬁjﬁ// °

21174 PRI b T

}{—JL«‘ w1 i fY nitrocellulose YUY {151 JWE’?'?%HI* il s El 5’[%‘?}{%’1’*’3
W@%E&F’«"ﬁ”!* fﬁ[ g 53'5’?: WL 4C % N Y NZY agar plate » EF AT
nitrocellulose LAY Eﬂ‘ PF[ % » I'] yellow tip ﬂﬁ’::j’(ﬁjfg[‘ﬁfﬁ?‘fﬁ%l?fﬁzm RS
0.5 mL fiY SM-buffer HI IR J|Fjﬁ” HEE T VBT S CRVpugnE o NPSE
L ’JT?\??TE%I?E °

21175 A @%l@?‘ﬁ%}p’lﬁﬁ’ﬁl%—“’lﬁ,& (in vitro excision)

I LB/maltose/MgSO4 *ﬁ% XL1-blue MRF’ Fﬁ! J\ﬁ%ﬁlr%l&‘” SOLR Fﬁ! =N
Mg 5 ') 20009 EE= 1 53 F % LB medium i 21?10 mM MgSO, HF'T?JQ
Jﬁrﬁjﬁ'ﬁ[—rﬁ J*ﬁ%ﬁﬁﬁéﬁf[w%@fﬁﬁ 2 Aeoo= 1.0 K MR AZENE AR
G GRE i R HI 200 UL {9 XL1-blue MRF® (2% 5% Agoo= 1.0) -
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51— F

250 UL [UNESBABEGE 8 £ 1 x 10° TSI » 1 pL AR Ex Assist
helper phage) (HEIJF 1 x 10° pfu/pL) - JfL ,u&ﬂﬁ‘[’“ IR 37°C - Wb
15 s3&f; g * 3.0mL f¥ LB medlum’ VPFW\ 37°C shaker H{%§ 8 /| Eﬁ %
SRV 70T F’Vfﬁ{ 20 min> FE% 15 554#(1000 x g) > FV_Efk 100 uL =2 SOLR
fifrr S HRARTA 200 PL (R ED Asoo = 1-0)?fiﬁ K 37°C TN B }FI[ 15 55 » Zutl
200 pL ¥ HRF 74T LB/amp plate - fﬁ{ 37C~ 16 53]: e LB/amp plate
R AR GO RS S T R BERE S R FFH ’71&2@7’?5 DNA %
& DNA B .

212 JIET PAL flust:

JLHHEEI?EE&WFU SOLR Fﬁ} ANV - HAR8 I[—{T [H AT etk > 3T
— TVERE[ TT primer - R ] J{?%Jwél’?'“\%‘i e SR B PAL g FFH
3l BIE ) T3 primer (EH o i BRE 5”’”? AU PAL ﬁl[ﬂi_‘\ £l EIJFA EE
A 7[J(°{JF[ start codon =% poly-A tail) FIEI?JIIJ' SHE|=Z R PAL ﬁi[ﬂ.& FIIE
EHEH FJ%EJHEJ‘ ST ES SR 3 -H e & ET IR 600
TSP - 1) PAL BUERFOSBTIE - SORRIET 4 X F RN E 2 ROM

213 e DNA b ging

;{:J’ﬁéqu x10* pfu [xpj%?ﬂjfkﬁz &1 600 puL it Eslfﬁ’ HE37C 15 Jidtix
i I 50°CHED 8~9 mL NZY top agar > & PRGR EI 5L 15 cm 7 plate f[1 >
R R A 3TC BT USRI RS S22 TgE T 69
mL SM buffer » 52 {5 fl RS0 3 /1 [F > [l R TATRRNT 5 SM buffer 1 e i
LY plate FAVERTAPRRRT IR 17 5% BFRpUE T BRI ) 14,000 rpm B
w10 5388 TV =3 > i DNase % RNase Z 14 55 [f[|#% 20 g/mL =2 8 g/mL >
i 37°C TER]30 TE < Y g G IR IR RS R 1 M ?ﬂﬁf?‘fﬁ%ﬁfﬁﬁﬂﬂ‘
2 ﬁ , piﬁ. E@ﬁpm—k T s _Fz’ﬁj AR TES 7 4C ] 11,0009 @ BE
10 STE TV HEIREATEE ST e 107 PEG 8000 [ EE 10% (whv)
Y ERSTARE fFLFF.&#‘g,E AR Jﬁf 4°C I} 11,0009 EES 10 534K »
m&wu } 1-3mL SM buffer e ) " SRR B 5% 2V PEG 800004 4°C I
3,000g EEo 15 53 I ke T 4T 1) 25,000 pm VB ISRESS 2 o]
R AP ST o APV TR ) 1-2 mL SM buffer i?«\’ﬁfﬁ ’
e 4C B R TRV « (9] S e TR 2 [k - 17 EDTA =
AR KL 20 mM > Y1 ? proteinase K = fAXEE K 50g/mL > Fjp? SDS =
0.5% (W/v) > 3ﬁi”+d~i KT 3TCH P L L e E N TSR PCT V-
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V- W

SO FH]CL F V- S [plssigte it 1/10 ’EE}FF?"/ 3 M sodium acetate (pH 7.0)
= 2 fﬁ?%‘ﬁﬁﬁd/i}?l*% eI Wfﬁu‘ 30 sigd > IR E AT T
12,000 rpm EE= S5 > VREEE |1 70% FURETEDE 0 ik [fl'iﬁ\[ﬁ:” 40~50 mL =,
Al FHI’ H 20T W -

2.14 N A

PAL 1/pBluescript SK(-) ~ PAL 2/pBluescript SK(-) : £5 74 B k@ ]l 5 PAL
1% PAL 2 JLPNZ S35 ﬁ\ﬂ?’f‘ﬁ‘ﬁ‘ o pTrcHisA @ £ ﬁiﬁ&’ﬁ%‘ L EETE tre
promotor FI FIUEHE N el /}ﬂﬁi[ﬂ %IFF' lﬂ%ﬂ[ 2.2 . s B invitrogen [t

il B i

—— i e P —————
[P flac © H G =g10 Res -SRI lE

itor > ' H-
9 TRt
mid- >n reading
fram JFfu E]~ F
(His EK) cleave
site
%



V- W

Topl10 : £AHA pTreHisA VifiZ » MW RIATEE e LV Ptk -
AP BLINE] (genotype) AT Y

Tl B

IM109 eld-(McrA-) recAl endAl gyrA96 thi-1 hsdR17(rK- mK+)
supE44 relAl  Zj(lac-proAB) F’ traD36 proAB
lacl9Z.22M 15

F-, mcrA .(mrr-hsdRMS-mcrBC) ®80lacZ.M15 .lacX74
deoR recAl araDl139(ara-leu)7697 galU galK rpsL
endA1 nupG

2.15 AHEELV HEE

L F'JpTrcHlsAEE&?E' 2k (Invitrogene TN InNG:? Ff [5)['p By ﬁif’l@i IEZEAL IS
PRV - IR A Top 10 1435 - @ﬁ%%;ﬁ'ﬁﬁﬂj i““—‘ Birruﬁi} Ifb
(BamHI = ECORI)fivH |~ '%C%é & TEGSE (polymerase chain react10n)5 ek 4 A E
PAL1 = PAL 2DNA “E> }%%J LT BamH I =*EcoR T 7 HH&“@%’%IF'E&FE‘
pTrcHisA ~ PAL 1 2% PAL 2 "5 - F PR RCEEfYPALIZPAL2S ) f[[ 2= R E e
UV A1 0% AR VAR A Top 10 » fak B EGHITR M 05 i
RS > PR TEA S R SR

21515 T W FURITEHL P © 2R

%‘ﬁﬁ%ﬁﬁ TS DRSS B b BamHT S ECORT [Tt gl - o]
SO 2.3) ﬂJE'JPCR’{' “’iﬁE’W\LHpJPAL 1 PAL2 =S4 E I BamHl &
EcoRI B}Lﬁiﬂf@ﬁ Wi J%I’[JPALl ~PAL2 » pTrcHisA > | }H %@iﬁ}EﬁJDNAkﬁ =5l
B ﬁ(ligation)EUpTrcHisAﬁ??i' GAYHis « Tag™-9[Ipy ™ ¥ - 1‘45‘}%1'5%9?5 pTrcHisA
/PAL1 == pTrcHisA /PAL2 > %\Z%ﬁi A& 4N ,ru_’ £[3f7#6 (W Histidinefl PAL
il i Srf VBT

Topl0

plIrcHis forwarnd primer
RBS r I
3el AAARATTAARS AGCTATATAT Th ATG TAT CTGARA TTA AAT AAG GAG GAAR ThA ADC
Met Tyr Arg Leu Asn Lys Glu Slu ==+

Mlini cistron

Polyhistidine (G Hs b region I

T 1
413 ATG S5 GG TOT CAT CAT CAT CAT CAT CAT oOGT y e 1'5.'" AGD ATG ﬁl'.'.'
Mat i'.'_'_-,- _.'_'_-,- Ser Hig His His Hisg His His Gly '\'Jﬁ. Ala Ber BMat Thr

gene 10 leaxler . | Mpresa™ Epnlope EK mecogmitim sequenos ' E Knr.luv.u_. aite
46l CCT SGEA CAE CAA ATE GET CGE ACT CTE TAC GAC GAT GAC GAT AAG

Gly Gly Gln Gln Met :‘.'_i- Arg Thr Leun Tyr Asp nqp Aap Aap Ly
Berntd | M | Sme | Sy el W

509 ".I"‘ TGG "'"ﬁ TCD GAG Z'.I:'I:'. 1'.};'1'. ATC TGD AGT TEG '.';‘-1:'! CAT ATG GG
._p Iy Ser Il Len Glu Ile Cys Ser Trp Tyr His Met Gly I

.Hmdlll

557 1'.1'.;; AGC TTE GCT GTT TG GOG GAT GAG AGA AGA TIT TCA GOT TGA

AGA AGA
Arg Ser Leu Ala Val Leu Ala Asp Glu Arg Arg Fhe Ser Ala +=+

For PAL1
BamH|

25



V- W

P5 P6

5 CGC GGATCCATG CCG CGC GAG GAT3Z 5 CCG GCAGAT GGG CAGTGGCTC 3
For PAL2

P7 BamHl| Ps

5 CGC GGATCCATGGAGTGC GAGAATG3J 5 CCG ATTAGT TGATGGGCA 3

i 23 § 5 F Il JFJJJ g ]3= pTrcHisA Srl‘[ 53 B
2.15.2 ﬁéﬁﬁzﬁ%aﬁé

=4 ’3 | T G661~ i (polymerase  chain reaction > 74 PCR) AL *] pfu DNA
polymerase N4 pﬁ‘ﬁ & PCR 1}_’.@?1?{“[]3}5' » Tr RIS *FTHI ; }{ﬁ’ DNA template E,'J
RIS © Ry 8 £ ERRRD primers 57 S
S ) 27 8 DNA - gy ﬁ%’ﬁwm«i U DNA H 8 - s
E"T‘FI' * PCR Yﬂ@ﬂﬁrﬂé NHIE R /\f/\%%f’z”?\ » EUS R ;rxff‘fg\( 7
M EFRY % ’}H A o Fh »/Fl 4°C '%ﬁk}i%l:f%ﬁ‘ﬁ}ﬁ °
30 cycle ¢

95°C 94°C 61°C 74°C 74°C 4°C
5554k 1 5548 0.5 5565 3.5558 156 60574

A=

2.15.3 T@T‘FE' DNA -] &l 558E
V1.5 mL FAnf > RS TRl EE (i AvH o '] 6,000 rpm #E< 2 min & > FE 9
%[PBF{ AT i fo e S R ﬁ}’fﬁ’?ﬁ' %™ 0.1 mL MP I (25 mM Tris-HCl, pH
8.0, 10 mM EDTA, pH 8.0; 50 mM glucose) » HIZIFEH} » FfImst = §7 6« e
* 0.2 mL MP II (0.2 N NaOH; 1% SDS; ]E[l 5 ﬂ]r 10 N NaOH, 10% SDS 7R
FIFFED - 2 B AR i R R O R | R e
”iﬁ@“@ I REESEENSAH T e 20 0.5 mL MP IIT (3 M fﬁff&éﬂw%ﬁz pH
52> H]NF‘HI) 31E-l"+d~J P ER R PF[UHF\ It S5min- [} 12,000 rpm #£
& 5 min e /] u\PTyL[u ER - L F;. 2 [ﬁ?ﬂi‘ﬁ& VAR (Y 0.6 [ﬁ?%‘fﬁ&u
.V isopropanol) > ifvl S [jir‘ Y 2 min ° '] 12,000 rpm EE< 10 min - {7 -
N TR 70% m P o BV ERES T min < IER| SpeedVac 7% -
I"} 30 pL TE-8.0 (10 mM Tris-HCI, pH 8.0; 1 mM EDTA, pH 8.0)2?7’%% o 5 T E R
FRITE V0 fED o B DNA S AL 1 -
2.15.4 DNA H 7 Sy EEd =
A. Gel Extraction Kit (Viogene)

ﬁ/ PCR %?gé{qﬁ—&@gﬁ%?ﬁiﬁ }{3]’ DNA 5 F&I'] /[ 2 IF u}iﬁ%ﬁgi”i %'Tqyigg
F;lfg'[ s ﬁ?ﬁjﬁ%} %?E%ﬁj/ Buffer GEX (100 mg ﬁ%ﬁ%ﬁ“ﬂ 100 uL) fF[‘JE/f 50 °C
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*N’p} 10 ;}%%ﬁ%?%%@iﬁﬁﬂ ° T EIIF 2-3 TSR o B *@EF Vi SR
[ spin column > 13,000 rpm EES 1 53 e FHRGE - 90 500 uL Buffer WF =
(IREIE 13,000 pm FEe 1 554 °lﬂiﬁﬁ’7§tﬁz’ J[It 700 uL Buffer WS = ’FHI ’
13,000 rppm & 1 554 Iﬂ}m@& 13,000 rppm FES 1 554 o ') 36 uL =
[l guﬁfll’;tq/ﬁfﬁ (1 75885 13 ,000 rpm FE= 1 n%}{—] DNA iyl o
MIEFROE TR LB o denll] DNA S R Ji?}l’ i

B. PCR Clean-up Kit (viogene)

T T gmaf;mr * 500 pLBufferPS - 3L £ 455 KA spin
column » 13,000 rpm &4 1 5544 » GG - 917 500 L Buffer WE 371 -
13,000 rpm EE< 1 55 & YRR 91 700 ul Buffer WS +F' FvF=p1- 13,000 rpm
LEC IR @}mz& » £+ 13,000 tpm EE 1 53 e 1] 36 UL EpRp R
2R AR 1 S35 0 13,000 rpm #5 = 1 STEE DNA JRIEL T 55 3R
Ik o MERE rfﬂﬂ%*ﬁﬁ'%r i) & lf”“f*fg' » ] DNA A FE ] fﬁ‘[rpe

2.15.5 W% DNA A R [l %U

’?”T?E} DNA (pTrcHisA vector)l.0 pL > i * B;Lfﬁﬂf"%}: 0.5 uL BamHI * 0.5 pL
EcoR1I > 1.0 uL ./ 10x EcoR I Buffer”’{hﬁ%iﬁ@?ﬁfﬁ EL 10 uL-37°C MMk 1~2
I < DNA 4 F8 (PAL 1 55 PAL2) 10 pL > i * [Sf{T 0.5 uL BamH T > 0.5 uL
ECORT »2 L 2 10x NE Buffer» J[I-=- 5/ 55 20 uL-37 C = 1~2 | »
s & 0 I') Viogene PCR clean-up kit 77 [~ DNA 4 F& o

2.15.6 }% &7~ & (Ligation)

[H[J:l:[fiﬁ‘ﬂ@(BamH I = EcoR1 ) Ji’[]ElfJ pTrcHisA EFAJ‘% * R
DNA 4 ES(PAL 1 =2 PAL 2)> #[=| T4 DNAlugase;Ej%ﬁﬁk ) BRI HBTOA
EEJE’T?%} i’f PEN= 1.5 mL FARIESe T ool pTrcHisA vector, 16 pL insert
DNA (PAL lor PAL 2), 1 uL T4 DNA ligase, 2 L Ligation 10x buffer - 12~14C
e 16~20 Jﬁ °
2.15.7 Competent cell ZJiF|
AE SR 16~20 ho FI-70°C VIS pUBTE > TIFIE- ik ZUR Ptk
Topl0 7  SOB(2% Bacto tryptone, 0.5% yeast extract, 10 mM NaCl, 2.5 mM
KCl, 1.5% Bacto agar)ﬂiﬁ‘ﬁ‘%i?ﬁ%ﬁlf » TR 37@1?'“}% > IV 40 mL SOB *‘Fﬁ%ﬁl@ﬁi E
125 mL L'?@if_}f%[,j/_: FPEL o 532V 1 mL SOB Y[ A EHEE S AV 1o 11 SOB | a““ﬁﬁ”f,
5L 46 ([#592~3 mm [ [~ BA7EE T 1 mL SOB [ mﬁj& ot
i > Up 40 mL SOB 1+ [l Ageo 77 0.5~0.6 = I35t Pl EE AT 1o fE
ififlt 10~15min « '] 750~1,000 g #5= 12~15 min (4C) » F HE > 2 HEEk
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?E'Ir iz > ﬁ,l %[PE’IF[ gglpﬂygﬁég Yok 1/3 &[ﬁﬁ?ﬂ%ﬁbj\“{ﬁﬁfj 0.1 M CacCl, »
Bl o A S IR 10~15 min e 071725 REREARRGHEO 0.1 M
CaCl, » Al J[I;:;‘:@]Eliﬁi S35 = > competent cells £ ['fﬁj%h”?} °

2.15.8 TV EF

SR AZIETHI DNA (<10 PL)8h il EE ?THI . fﬁ{hﬁﬁfll?@ﬁ : EJ*E}T‘"J[I 200
UL competent cell %ﬁiﬁiﬁ % fﬁf\{]ﬁm[l 20~40 min ° 42°CIIEN 90 Ff - f‘%[[\{]f?\(ﬁ
Fl1 2 min > 1 * 800 WL SOC > iﬁif’ﬁ % 0 K 37°C %ﬁ*ﬁ% 30~60 min ° ;{ﬁ& (L
Rk = %Ewiﬁiﬁfaa » TV 20 L =l EEe *ET’HI » 1 180 WL SOC » 3ﬁif"[fd
=i o VETRAS SOC/Amp plate » #IERANR!] 6,000 rpm E#E= 1 min > {2
wi%up % 200 UL SOC +9‘~J;r7ﬁr.&«ﬁ$ “ebl- [ SOC/Amp plate - Ffti #
mRS 37°C *ﬁ% 16~20 h % » @i “I[ﬁ plate P&[Tésﬁﬂ%ﬁr‘@ = Eﬁ%{fésg\r v
Ll INTHJWQE LH- ) T’?F’?ﬁ%ﬁ‘p J%—Ts‘zﬂ«?ﬁ' FIE % insert DNA

2.16 iﬁ&;&ﬁ;g’df%ﬁ

2.16.1 3 | PTG ¥R S RgiR % P

PRET- a6t 3 mL LB medium(50pg / mL ampicillin) > 37 °C B 5
ko Bﬁ:\ » 2V 100 L ARy 3 mL LB medium (50pg / mL ampicillin) » %ﬁiﬁ
BE Ao HEE]0.6~0.8 V1 * TAIEIFY PTG > (i 5585 0-0.5-1-1.5
2mM,§§;é%$¢’,l‘; 120 pm FEYAHHEE 300C ~37C Z A IRl - ?Fﬂ’

h B JSEAS 4°C 2 1] 8000 rpm E5S 15-20 min > {2 HiEifk > S H-80°C!
s < I') 10% SDS-PAGE [ » 2l -

2.16.2 ﬁﬁﬂ%’jfﬁﬂﬁkzﬂ

PeEl- Eélféei?ﬁ%ﬁ?‘ 3 mL LB medium(50 pg/mL ampicillin) » 37°C %@%%@T& o
Bﬁ:’\ » 2V 100 L frifkVp* 3 mL LB medium (50 pg/mL ampicillin) - Eﬂﬁ?\ 37C >
120 rppm & Lﬁ%%_ Agoo EZ]0.6~0.8 - 1" 2mM IPTG > PFIIIH\ 30°C > I'} 120
pm Rfﬁﬂﬁ 7] IH[J EL2-4-6-8~10~12 '] E\ﬂf LISF%[PF[%\ 4°C - I'] 8000 rpm
EZo 15-20 min > ]4—H 1R 0 EAT-80C FlI T o

2.16.3 R IF 1V [~

f:'% ST N JFF'THJ“JEH [ Histidine 4638 > i* 5 | S5 A1 A 5 50
[~ o EURCEIEL A | Sepharose TR FYELET iminodiacetic acid F gy A BEEY ek
fﬁ'ﬁ:rﬂ N ¥ 6 fit histidine i 7 » 7| imidazole T {7 HLES N 3%;;5[@
a1 AR IH *E%*ﬁévﬁ?ﬁ&uﬁ  BELLPAIV Fi  FEE R T

I'} Ni*" chealting /A1 [ /€| Hise-tagged IV PAL » 57[ A -
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Crude lysatefrom 200 mL liquid culture)

lysis buffer, pH 8.0 l
Ni-IDA column
PBS buffer, pH 8.0
l Imidazole gradient
(10~500 mM )

10 % SDS-PAGE & Activity assay
2.16.4 ¥ kD IV

gl i‘ﬁ%ﬁ’?ﬁg Esl‘ﬁ% 7t 25 mL lysis buffer (50 mM NaH,PO,, 100 mM  NaCl,
10 mM imidazole) EEFHENTZ AFR 271 lysozyme (40 mg/mL) ARG 1 1
mg/mL > JEE D e IJE ARG R T RA Y BT Si e TR R )
o HIT 15 TV e I 47C, 12000 rpm EE 20 min > FYERIANERE Nk o

2165 PR HEEY BT
Hi-Trap column ['JFZEAkiATE S fFAT 1= * 10 mL 1 10 mM NiSO, >
chelating sepharose iﬁrf" RS o BT RR ERRAE Y [ﬁ?ﬂ% o ;{% 25 mL fE4pik
L ek ST T E ‘4‘*'5”‘ Ni** fY Hi-Trap column » ¥ ' I'} 50 mL E& ] fi
ll & 51— {55 #(Flow- through) ¥ T'] 25 mL wash buffer (100 mM imidazole) i
e o FUEE BT (W55 F(Wash) « FJI') 25 mL elution buffer]l (250 mM imidazole) 7k
o> & 57> (W57 Bl(Elution 1) 48 % I'] 25 mL elution buffer] (500 mM imidazole)
Pk > 5 S3PH I3 5l (Elution 2) < I'f 10% SDS-PAGE At {17 » =i 14 -

91= i B IN

3.1 SATE R PR S G A [

3.1.1 - H RV

=S %?'EI (crude extract) » HVI'%@E -80C ™H S0g
) PR I R
115,0009, 30 min
it 0.5% (w/v) protamine sulfate
115,0009, 30 min
TRPRSETH - 55 40-60% AL - FEMTE TR
DA
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Sephacryl S-200 (gel filtration)

!
Phenyl-Sepharose (HIC or affinity chromatography)
!
DEAE-Sepharose (ion exchange)
B HTERAT ) BB [ VI PAL VAR o R (i

8 1 1R BB Phenyl-Sepharose Y SRR i LV
(AR PITHAIP AP e 2o 40 7 50 BEVRT U ﬁ LR RS

P PFE (ion exchange) ﬁ‘/ﬂ et B 3E (chromatofocusing) o % # &l (490 g/ 30 (=
A FIP IR AT R £ 0 TR SR G RS TR PAL VAR
%E °

322 iﬁ‘[‘gﬁiﬁﬂ%—;

iﬁ‘[‘iﬁ‘lﬂﬂﬂgﬂ L-phenylalanine A’flf[ (= ERLET > 19t '] D-phenylalanine A’flr[ (B ]
Eﬁﬁ’é’ » '] 290 nm kK f@l‘]ﬂﬂiﬁ‘[‘% H lii"%ﬂﬁf%’p@ﬁﬁ | % l(benzene ring) » it UV
G 280 nm) N E RS PRSI IR A < (T Figure 2,
fi" 1> D/L-phenylalanine (12.1 mM) 7§ kSl =73 270 nm i 594 = 290
nm T A il & i) trans- cinnamic acid T SEPUEE T (0.1 mM) H[TE) L
5@ VA PR AT 280-290 nm ¢ [ PAL 3P EITE Asg > RLETIHS
PR S H $S(resonance) FJ IERZE féﬁf‘%(conjugated double bond) %
ﬂ! SRy EL o R E"fJD“l (o S35 AR PR (trans-cinnamic acid) » [N
T 290 nm E?J: E*J/QPB% > 7 T?ffj phenylalanine [k fifi = #& o I F' ')
0 TTERRN 290 nme 5 fifi g =< [ & PAL iﬁ‘[‘ik o — Jﬂ&m% » 290 nm R fifi =)
o 0.01 - ﬁ#f*?‘(ﬁj 3.09 nmol trans-cinnamic acid % & > ﬁlﬂﬁ‘[‘%ﬁl@?«? Hib £
kat (katal, mol/s) ’E‘??ﬁ[‘%ﬂf A U (unit, pmol/min) ffIF=> 1 kat=6x10"U - FORS Y
Epﬁiﬁ‘[\gt?gﬁ}ﬁfﬁj f{1 > :ZH] kat ﬂ*ﬁ‘}’l”ﬁiﬁ‘[ﬁﬁﬂ?ﬂ—\ Hifb o

3.1.3 kPRSI

T PR > o g VET kT B R mﬁf“'oﬁfJ’E'J
Vg VRO TR RS ST RIZE PEG O R o B S kRS o) RIEAE Pt
T & 200 B [WOTH] - A ?n“,&ff’?ﬁlsﬂ“fz V55T HIRF R g 1R PAL?FTI‘:k > P

Flgure 3. Ffrm & grf 1100 1) 40-80% Sy oISt % » (I o 40-60K

— I FE YF[Ii’ NG |¢<£‘ﬁ‘5‘%$7 = 7.5% native-PAGE ;j#7 > FF_% Fﬁ,ﬁ_fﬁﬂﬁﬁ IETAY
7J 'r‘J » T+ 40-60% ’ﬁf@%&é@ﬂljg@ fi Jjﬂ— (77 E'Uﬂg*’éﬁ e ﬁ G (R
G VTR Sk e IR PAL u‘-‘ltﬁ»o
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3.1.4 7[5

;{ﬁ’j [ﬁ A [HRRETHE VAR EE I‘Fﬁﬁv’} #r(Figure 4.) - 5% phenyl-
Sepharose (il AT i > PAL © IH (I]-7 % 7+ marker © IT”J 232 kD= 140 kD V[H] >
iy f”“"‘ A H??ﬁv(smear)ﬁ VLG PR T AL U f:IJF'Zz'?'I F ORI
SEEL o }Z‘ig 1 PAL Yo féﬁi‘,{ﬁﬁ’[bé’ﬁ”‘tﬁ“éﬁ(ﬂéypﬁ% R %E‘IIEI%J}W%{EH
PAL fi'f] ipﬁf}ﬁl » Bl lﬁﬁ&lﬂﬁﬁﬁ% o Hii"’f"] L=~ t PAL’ T
Phenyl- Sepharose (il A ,@_“T’?EJJ? phenyl- group i’ I'] F{l [‘ERLELETRE | P4(analog) > T
I'}' Phenyl-Sepharose 1+ f! kL = 14 &= B & M7 3E (hydrophobic  interaction
chromatography) » “4' ' A’f"[ [ERLEIH Vg (affinity chromatography) °
DEAE-Sepharose (il Avi= e native-PAGE 7 B 2| FEH '5'[1”“’ o [HHRLE ?ﬁ'l\ﬂfﬁlﬁ
JJE[LIFIIHIH&E“\iﬁqf VT T 232 2 140 kD V[ UF‘F“EF”?H‘ 2 g =
f: EU:ff" [ﬁ“ﬁgt PAL - Z2El {4 A4k » ™H PAL © [iﬂ“ 7“?”{[;“%5"1?[ P PuFe
PAL’ f‘ s TS PAL I/?]KF[}J} <k E PR %LI}IF"T#‘ F” EEf [ I et 2 o T
SDS-PAGE i’ @‘T\,U-—p '/HH v 533 BIFY T5KD -

315 ;I\h h?:‘

Table 3. ELIF= 5 (g R =5 il o H'?f‘ﬂ[‘ﬁfl* Ao VP P T BRAg e
%ﬁjiﬁﬂfﬁ‘[ﬁﬁﬂfj e TR TSR PAL F‘fjﬁﬂﬁﬂfﬁj@f’ f§0 B [Tl T 1% H
100% » F L ET f° H: 'lfff ﬁﬂﬁjﬂ PAL iﬁ‘[\iﬁ >}t Phenyl-Sepharose 4T [~ 54 T%Fﬁ ]
[ F’]’ 16.1% fﬁ‘[\ik ' f““?ﬁl‘%“l fﬂﬁ.’J ETEASEES Y R Y o S VTR
RAH L) YF['[?“ IS ﬂ‘%ﬁ%ﬁﬁ[‘i&ﬂf@ﬁﬂ  (ERL TS = HEYS T

fi RO AR - AP POt - A TERBEIRE K Sy TR
T O L) g 5 14 R
R RES S = ARy T pjiﬂgf_j% ﬁ"ﬁ\bﬁ@‘%ﬁ%ﬁ%—
(Etf PR AT - BTN E Sephacryl 8-200 5347 » S5 B (ﬁ‘ﬁﬂﬁj} il
ORISR 14 T E > 3 #/%%ﬁi?meﬁ@mﬂﬁh’Vw%w#ﬁ
A= 'H/—ﬁ}’f’?" Wlwﬁ’%%ﬂ b PR MR A AP TR o ATl
i /% Phenyl-Sepharose *F*ﬁ%‘ﬁ’* LR ?fjitﬁFIJ,"J‘l‘J{iEEﬁJ%h"?} PAL i {= > {EHRL3E
O A R R E FIH:ﬂ’p’rfl&%f%@ﬁﬂﬂﬁjﬂﬁ*ﬁ’ﬁﬁ@ dioline
(ISR RAS {3 b1t Phenyl- Sepharose ﬁ%?ngﬁljﬁ PAIRAfT e sk o PRIP=E
R B PRRAEIRGE VR P

6 RS BIRE

VAT [~ PAL sk ifk 200 L - I'] FPLC(Superose 6HR10/30) % 5 1EVELfiE 55

l
p
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SRR Y Figure 5 RSN TSR LI HE)TR PAL
VRS RIAEE 290 kD ;= ﬁ&ﬁ SRl ay e e e T
’?’T[J“lﬁ?g » P E g;uﬂ EIR9EE 72 kD 0 f [ﬁp}ﬂ’ TB PAL J2F bR B
NI PeRE o PRIFEEr I'FHETF T HIREE TR

%% Figure4. (B) » & SDS-PAGE /i#7 » ipfc#h IEX f' '] marker ©F
[l 76 kD [iffTE) - F‘FJ@EIT”J“ > HEIRRNALE B PR EIJ?F, N- TJE’#E‘%
Q-TOF ¥ [NT’?’FWY FIH AR N o (1 R D TR PAL AT [N o S5
76 kD l?L'IHLPEP’ PAL -

3.2 ARTVRNE T | TR R

3.2.1 5 [ H RV A
PR > VR T -80°C L TR 100 g 1) & ek s i P

FIr = I’ﬁ‘ﬁ%*ﬁ*ﬁ'?ﬁﬁ%@ﬁfﬁ[ﬂ'?ﬁ

115,000g, 30 min
1t 0.5% (w/v) protamine sulfate
115,000g, 30 min
PRRESESTH] U5 40-60% BEANES  EHTIR
!
Sephacryl S-200 (gel filtration)

l
Phenyl-Sepharose (HIC or affinity chromatography)

!
Mono Q HR 5/5 (FPLC, ion exchange)

T PAL VAC{ A e T PAL > I ReAd i 1 R DEAE- Sepharose
9t mono Q KR T PAL ik VAR HELA VA [HES ?ﬁi}lm i
EN

3.2.2 PRSI
B TR [ AUAEER > LS 40-60% FRLEFEEAIE B PAL 37 [[ftﬁﬁl VA
PRI O SRR ] 0.5% (wiv) FURS ST DRI » B0 2 ik
it 0-40% ﬂ[l&%ﬁ |57 BEF I J/fﬁpfi% f' AR Sy s ﬁ&% ’ Fgﬁf
TR 5] 60% > SV i {3 H7F - Pofdl ] ?ﬂfﬁﬁ%f_ﬁiﬁrfz&l'iﬁ » B

3.2.3 58 A

T PAL TR IR o S > PRI ey 5 3R 78 PAL
A jF S Bﬁﬁﬁﬁﬁ[ b ARV ST I@’T‘H P oy <o T PAL il N T
4C AR 5 RN AR LS e -200C TAT > TRl fer i I R
#] I glycerol » 7 -20C BUH™ - [{F] » PAL Y {E T @ F i@ <
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3“[#[}73;[] =1 %]*Jﬁf’:r’ ‘t native-PAGE [i'I'|#%<%([7 marker ﬂ‘fﬁ[‘ 232 kD
Bt | PHEERO BT - © lf[ﬁ'J , T%{E[Jrﬁﬂ lﬁ“’:%\m PAL -

SDS-PAGE RIfi'I'}# 76 kD fffghl~ i CBR Hecifiuffi— gy [l 7]
B wfﬁg B R [’?Ll B~ ISR YR TR R 20 E R (Figure
6.)  [fil[F )57 [~ 7% PAL Eq&@mfﬁt R EEEEL FE] anti-PAL ZREHE -

%ﬁﬁ“’?ﬁ?gf— [EERUE (Figure6.) =% H17 1 (Figure7.) PAL -

3.2.4 Fi{*R

Tabled. £33 [~ SEA S U ’?f UG S ) ”“JH H [ PAL f9{]]
‘fﬁ”?’ﬂﬁ’ [l & F ‘ ?*ﬁjf‘ﬂj 90% o [Fil B T LS T (A R 1 Sk U o
Phenyl-Sepharose V7t {3 fF » f'l') I‘ﬁ\F}[’ 22.4% pjjf[[i FH}F [ft%_Lﬁ: T
ATHE Mono Q i > S VETBIGHRIH SUD o [y fhUE I o A [ 347
S 125 ff - FESEET Tabled IR TR F - TR PAL I 15.56
nkat/mg > T PAL E“iFIIQEE 88.52 nkat/mg F“Wﬁﬁ 746 FFﬁ ; 3 PAL [plfF
FAEL 2% 0 TR PAL [plf¥EA9EE 10% IFLE‘uFH[a' SEPURIRES @ TP PAL if
ﬂ*‘?fit? E%Fﬁ‘ﬁjzé’i' T PAL guﬁ%ij&fﬁﬂi PAL £ I[oﬁd}“rﬁl;'ﬁi} T PAL
TR TS B o

3.2.5 [HERTF 1B

PAL 7 native-PAGE [V CBR 3&e|£h— &A1 & Ii” E[F [“qu_ﬁﬁ:rf' ' E
R VBl S [?[I_LPJIF—LFI&}, Vg Fliwﬁ PAS(perlodlc acid-Schiff) e lii
(Segrest and Jackson, 1973) - Firifd fﬂﬁjﬁﬁﬁ,\lj > pRP=IsD 3 @E&'}FF LA PR
(periodic acid-ammoniacal silver staining) - Figure 8.5% SDS-PAGE 53 1 i& ii-
Ao o ') LMW SDS marker (Pharmac1a)’§[ [’E’ffiﬁfﬂ“” » 97 kD .V phosphorylase b £
S 1 TP R s [y 66 kKD V7 bovine serum albumin (BSA):?
mﬂ’m[dﬁwwﬁw L I R R R T
FOESE] 1R o | VRS 1T PAL PSSR Y€ > ] PAL R
F1e o RUEFH T ERIT Y (Figure9) -

P=Er R py S — R I glycopeptidase  F(N-Glycosidase F; Peptide N-
glycosidase; PNGase F; EC 3.5.1.52, Sigma G-5166) %! %q\%)ﬁﬁ‘[’ N-linked [PEEL (S
Bl 0F et IR o AT R A 0 B R AT BT RIpRA o ) E
N-linked [rE5L f’;‘éﬁiﬁ’?[’ﬁ PAL }EEI@?JJ4 BL VR [ﬁ BERI N B C N
o = RE £] O-linked glycosidase fi' {324 -

3.2.6 JRUEESS Y ENIE
VAT~ [ 17 200 pL » '] FPLC (Superose 12 HR 10/30) J 3 < 1EVELfiE 55
= El (Flgurelo.)o;lk;%ﬁ,%ﬁ:{'@Tﬁ#[%[ﬁ?@ﬁ”ln&\ [T HE T PAL ST
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EIZ9EL 275 kD 5 =2 Jﬂ&ﬁ *@?JPH* 1;2"EJ E«LJ\EIU%‘QEJ » [ TS PAL E[fj
290 kDa ; Z/DEE[F HFP4L J?E'(homotetramer) HIEt #557 ="EH9EL 70 kD - Superose
12 HR 10/30 3|V g 19755 = BHEREIEL 1~300 KD » T e 1ETARYE IS (&
Superose 6 == Superose 12 < EJMEI%',T:%J » PIFRE 2LV R ST VBN b fﬁ;[/
AN

327 M7 L

I'l PAL 7 SDS-PAGE [ CBR ¥%&te Hi- 5 I*”“ Tﬁfl HMW-SDS marker
(Pharmacia) ]FFHETTE ﬁJFE‘(subunlt)m% B AN ‘#*:54 Flgure 22. o Fl|H [ RRE G
@Tpﬁ#ﬂ’j‘?ﬁgﬁmj\ fﬁ Fl " PEARYEIRSL - TR PAL 5’1?”}{[%@*&5%@%[’* SRR
il ]"Fh TBRT TR - B PAL H1VERDT T RIS T AT 76 kD > T Jﬂﬁﬁq:ﬁf
R 55 fg g 7 e JHPRRE T B SR PAL DR
L= IEfq_;E BV [T JEE'(homotetramer)pbﬁufk‘@"T[ 47 Hl(hetero- tetramer)
P97k 1

3.3 FATTEIR [ R [
33150 [ ERY A

FEsRFE I VRS -80°C. . TRy 200 g
£ PO PR I R
115,0009, 30 min
1t 0.5% (w/v) protamine sulfate
115,0009, 30 min
TEPEEF T 155 40-60% F153 BEANRE - ATk
l
Sephacryl S-300 (gel filtration)

l
Phenyl-Sepharose (HIC or affinity chromatography)

!
Mono Q HR 5/5 (FPLC, ion exchange)

3.3.2 AT {*5HH

TRy PAL Ay ARRE %T FRo e Iiﬁ'—}tg 260 kD » ﬁ[ﬁ??ﬁff BT [ i o 'I‘-—-IH
mono-Q s Pt 7)< BI5Y 68 kD fi }F[F”ﬁ ol e IiHL » FEHES PAL - Fﬂfﬁjﬁ%
3.3.3 %

}{ﬁj’ﬁ-’lf‘r (BRI EY PAL PERIRAT S lﬁié%bif[li@u{.arﬁziﬂ? [
Table 5. > f?‘éﬁﬁﬂ‘ﬁ; L“l[“ﬁff}w:ﬁ*ﬁ o ETHEURE S TR R A = g
SR NERR R Y N 2Ty TE Ll T’Eﬁ?wiﬁ‘[‘?]ﬁﬂ@ﬁ U e 5% Sephacryl-S300

34



57 i

% AT ]'“‘FF&,HK £y 4.7 FFﬁ [pl = £ 12.9% > |fi| Phenyl-Sepharose EJ[J?JT%EIU}“%@J ,
HZ]] 53.7 pUsd ]'“‘FFf’ F o i F A mono-Q Vi A f“‘[’ﬁ&]ﬁi@"{l?ﬂ 86.6 [jfﬁ > [pit
[5535 3.2% » PAL “*fl'“ 43.13 nkat/mg (2587.8 Unit/mg) °

34 BELS

341 N-H

PAL qi!,pf I/ N-¥ JF‘ _L)jf i_;ﬁ HKFJI[%& f“‘E"T’ [lei@gﬁﬁ%i I'b’ﬁ}ff ng:% =5
o rﬂﬁﬁ;ﬂ%bﬁ%ﬁ &~ 3% SDS-PAGE M’T.&w HIZ] PVDF H - 52
Hl’ﬁ&i (=55 7 ﬁﬁw N- Jfl: TRLRZ 5 (block) « TEY PAL | [FIBSHHN « F K

TECE o BT thioglycolic acid FEfEFIFTIEL 'LI_F[_L\@ [+

(R¥5) E ARES ST TRELY SR TR N-F5 b block - G 2| Figure 12. -

,Iw.”u’jf “RL{i "] Edman degradation .V~ » jfi*'| PITC (phenylisothio- cyanate)

T S 1T N-,F.qu—: $Hfi~ iz » & 5% PTH(phenylthiohydantoin) 74 $4 » & i
N NJFL PR TR e P PIEr R HPLC oA Jfﬁfﬁﬁif’f@o (~=HPLC
Bt cis P PR S
D]y o Edman & ERLE PIPEZRAY o PNIFEERUREN B ¢ 2T %@gﬂi T .Jt
PR '&F“Evﬂ@t" £ [ B VRS HPLC o (|
Pt R [E“@w peak WF‘ *T"ﬁlﬁﬁi@f‘&ﬁ'?}% YN e TR
i HWERIESDT A == A (W

342Q-TOF (LC-MSMYS)

FLS 2 3 ] 2| -*—I%‘%H'»‘*{é’ﬁ“é% PAL 33| » [NIF%T ] trypsin in-gel digestion %
i2 Q-TOF (quadruple time of flight);J#r(Q-TOF EJIZ P NE T DI RN %
172002 F FREREE VESES) o iF I’?’?ﬁiﬁ fol AoAtEifl Srf 1S - peptides > F Y
ST HEFIHAUGER > Tl PAL 3% Q-TPF &fvs) T’ﬂﬁﬂﬁ » Y[l Figure 13.

T (A)(D) [ FVETRTFTE I peptide A -

I'} Figure 13. (A) L&Y » A RS 55 Mradi N RO
(D [f;ﬂ[@"/ #ﬁﬂ;ﬁlﬁ W F(m/e) > AMLEIEY relative intensity (%) mﬁﬂf}{ﬁ]’ [FofmE y12
(1249. 589)’5 Y parent 10n’ﬁﬁ%|g577“%f5 daughter ion; [r 5FF% y9 (903 448) £
JATIY TR - TG base peak <K IREEME NS 100% o HBRISSRIER] y9 £13L
¥ TR relative intensity (%) ° Q-TOF [f;ﬂ[@ i Elﬂf[ Tﬁﬁﬂ\{ﬂ' !ﬁl*%_{? °
(2) itpi[ﬁlrﬂpﬁ T *f[fz{ﬁ' (G 9FIE b2 (213.157) » FIJ H“t Val+Leu > ;5= &5
F”ﬁ 212.3 5 = p[[ﬁlrﬂﬁu ﬁfﬁ&EU (T T -7 F' JVREL  PIER
& ﬁ}lf“yf i Val+Leu e

‘-—/
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(3) [,ngﬁj’l'% y12 (1249.589)% y11 (1148.532) [ # I/ [V ffi 8% 101.057 > Thr
Y53 1011 MR T S eIl T = TR Thr s [FSom e LT
[F SPEIE b2 (213.157)%F b3 (314.211).V % ffi £ 101.054 > FHH [ A= HIR -

4) [’%ﬁﬂ%yll (1148.532)% y10 (1017.482) [t # I [z fifi % 131.05°% Met
53 RN @EET o AL N~ AR Met -

(S)IEEFFI'% y10 (1017.482) = y9 (903.448) > [ # I F|fv= fifi £ 114.034 = Asn
ST RN 1140 BT R =L o~ { T PREL Asn e

(6) fEFFI'% Y9 (903.448)%% y8 (806.394) » [y I IV it 97.054 » = Pro
1= BN 97.1 HEVEYT R =l I~ {fHREY Pro

(7) (ﬁ%ﬂ% y8 (806.394)2% y7 (705.359) » i V FIIAV= it 101.035 > == Thr 153
SEVIOLT R BT - S eIl — [ D Thr o

(8) [EBEIE y7 (705.359)% y5 (533. 311) , ?fg»f VIO £ 172.042 0 2 Gly + Asp
YIISENT2Y ST o SRR T - [ PREL Gly+Asp o

9) [’F%FFII% y5 (533.311)% y4 (420.22) » [ I MIAVEE (55 113.091 » =2 Leu
ViRV 113.2 #E) }ggl_ PT'J fo % ]J I/ h — I[‘”ﬂi@l@ct" Leu o

(10) [FHFF%y3 ty2 = oyl ‘.\\?ﬂ'[q%ﬁ@[rllF'“ﬁ%E‘w TR A R
77 ]I Ser-Ser-Ala-Arg ©

_”ll

FES f, P EaE > S e pe -3 8% ¢ Val-Leu-Thr-Met-Asn-Pro-Thr-Gly-Asp-
Leu-Ser-Ser-Ala-Arg (VLTMNPTGDLSSAR) - }H B tH A2y Ak N B AR EI[
http://www.matrixscience.com FrHd{fl I/ NCBI 'g};{e[’gl L‘“;:TJ‘T‘JJF‘. ; }{?j &;ﬁgg\lw
W Table 6. - 1 Table 6. [i' AR 1T [ peptide 2= f K -J<#5 PAL F|
Wi peptides AR o plirss IJFE§J¢ T [ E R
SDS-PAGE i~ €17 Kb i 1ET PAL 2 “ﬁ' Wrrr—&mu PAL Al % AL

FOEGEATY 2 0 1A (9T PAL 5 SARBAEAOTII - 12 TR PAL 9 -

[(* Ty PAL 4] Q-Tof &5 Tk EH: Fel?.iﬁﬁf%?%‘ £ PAL £ 5% o

35PAL % [*{4TT

35.1 i~ R (f

FHARH e =T ffﬂi'—“?ffsu PAL " i el % 155 50°C (Figure 25.) » HiAt!
F{f‘ﬁuﬂ’?ﬂ/@ﬁ%ﬁr ) 1 = 7 [ﬂ ARG (0, PAL ‘I/ﬁﬁ@’r@ﬁ S i H o HEJR
TF TR ey 37°C M i - TR T E I (S0°C) YF[[*%@‘ 60% > {1
W 50°C R ERURASEA] o [NISI R 2 S [N 37C BT ke
if[] FJ < (activation energy) fg_}"'[ o e 8 i[F[H [t (initial  state) Z[] 3 V€T &
(transition state)F’?ﬁfT VECE - ;ﬁ}y}{k J*‘ﬂﬁ Rl AR rf“ FIRGHEREeS  Ps [l
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51— F
A (PR AT Tl [ R RT IR E(potential barrier) < i I F(F 7 T il
g 1 s s ]ﬁlﬁwfllh oot 1889 F i R ETH £ Arrehenius

equation £} :

Ea

k = constant X ¢ '

RS [FI ‘B¢ (rate conatant) > Ea £} 2F [“f< R H %LFE‘[FI £ 8.314 J/mole K,
1.987 cal/mole K ;l‘/ 0.0821 L atm/mole K » T F3~ eV AsShEY « HFC 1Y
constant i’ I'| ¥ 35 [ﬂjﬁ" PZ > ETF[1 P 8324 [ (steric factor) » Z RuAEi i #Fio

(collision frequency) ° }H FE ARV log
Ea
log. k = log, PZ — (—
ge ge RT

REIEE To B s iReD koo il To B s fies ke :
Ea

K Ea
log, (—) = log, k; —lo log. PZ— —(log. PZ—
ge(kr,) 8. ky —log, ky =(log, RTI) (log, RTZ)
(___ Ea T, -T,,
R T,T,

2 1

Ea—R( ) log, (—)‘2303R( L )lo gm(—)
T1 Tz T2 T, -T, T2

R et (velocity, V)i i By L1 -
TT, Vi,

1 1
T ) OglO(VT,)

1 2

Ea =2303R (

Vi ERE Ty B RS Ve S T B R P s

3&<F&[‘iﬁg§a<fslf’§1(*" RIS [T logok B9 logio VS UT [Ef
= Fj_ et Ea
y I E[ t" — o
ifl] F Ea » A=A 2.303R

I| logV (velocity) Ef LT GéiiEi%) [ 1457 -3 | F[%] Arrehenius

equation ° 'THFH f- Ea:
)¢ )

dlogV =(—
£ ( 2.303R

EI[ Figure 26. < T3 PAL I/ifl] H b 13.9 kcal/mol » ™5 PAL ;I/iﬁ
]%H % 11.8 kcal/mol > ™57 PAL WF[I Hbﬁ‘; 15.6 kcal/mol » [I%[SF" <45 PAL

;I/iﬁ ["“ﬁ: 18.1 kcal/mol (Sarma et al. 1999) -
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352 ZvilEE

e PAL [ I'fjisf SOC =7 ik - Ao 50C ~ 60°C & 70°C ] [filik
AT WIS I T gﬁgﬂplfuwc PE30 AR e PAL HIEVLE
1% (Figure 27.)- I') T3t PAL ﬁlj?l(Figureﬂ A) i S0°C HE- wEﬁaﬁéﬁPAL
T IEASTILE YA [ 60°C HTE- IR LT RER RS 80% il - fF
RL) 70°C B 15 TSR TR PAL JRIE T R 50% - LE }JF"JfQ—_’
70°C - PR TROPAL (AR 30% 35 1% - TRk PAL (Figure 27. B)
50°C ® 60°C HEE - | AVREIN KT TR PALS (] 70°C ikl 5 )
AFr 0T PAL JFTERE (RE[ER]S 30% - 70°C mifl- | [ PAL EJIJ[’E@@J%%
15% il - iy 727 PAL (Figure 27. C) » SO°C % 60°C izl | [ sl i
T CPAL S ERL) 70°C EiiinecE! S OF A YRS PAL T LSE]E R
45% > [0 70°C R~ [ PAL JUIfERITS 25% 351 o TR PAL [fE LT
Ki(T] T PAL -

A Y o TR TR PAL TS SOCHI 60T AU - iR i
SRR > BRI o ([HRLE 70°C N o TR PAL pUEVE BT

FHITTEY PAL EhfFE o

3.5.3 ﬁﬁ@rg pH

il A TRV B 37°C A ’T?ﬁ ey 30 5588 F[H | ’?[ H |52 %] (universal buffer)
?F%‘ﬂpH fEpT 3-11-> 7' ") @%fﬂﬁﬁ’@% pH - [l Figure28. =1 7 ‘Fui
TR TR TR PAL T (Y pH BUS(PH 8.5-10) I RER] - i BRI [EI:E
W ;[ ISDY pH (o (] Tﬁlfl PAL ™l o T8« TRBAITCEY PAL I kil
a2 pHﬁl% 9.0’?*?'.4%?%‘# BV pH8.5 HH T 15_{091‘%?4\%[7,! *‘*fﬁmﬂ PAL X
I'l(Table 16.) -

3.54Km I'EE:I

PAL 3 TEfﬁU@‘rE/ > NI l%sg',la’srﬁgﬁl@‘rpheny1alanine LA 5 TﬂE' gy@’rﬁ@
HIPTRSL S S As s T 1 Km e T H S [/Fljﬁjlft’ﬁ%—h PAL ~jp JEJJ‘F'E
=k g (A290)FU%€JI,\ F1 Figure29. s> Afflikl~ Ba& s '~ o[ [ > & 290
nm [BA i AET %’»ELLE% [0 053 K K 3 Ff (Hitachi U 1100).V R 3.0 0 [
=R T Aggo - 03 2.0 T HRL R (AR [T R e PR T R
30 5i## o TH PAL [V Km {fi(Figure 30. )E'Sr@ phenylalanine J&™% 1 120 uM Z|
15 mM > ﬁufﬁf[ﬁﬁl@'ﬁ@ﬂlﬁllﬁﬁi’ %\:%"Eﬁgm%ﬁ%ﬂ& PR T PAL V- Km fifi
£ 550 uM = 754 PAL [V Km {ffi (Figure 31.)d%7g phenylalamne WA 120 pM
£ 12 MM g TR ST TR R PAL D K
Eh 476 uM » =2 T JEﬁJﬁlf_r o 737 PAL [V Km ];E“I(Flgure32 )d5fg phenylalanine
L FI120 pME] 6 mM > S fit U FLRTERA G o RSB o [l R
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# PAL V Km {fI£% 328 uM «

< PR g (Table 16.) » 115 BAT2-%5 PAL IV Km 5355 500 uM » <24
LA A ¢ [ TR PAL LV Km 55 328 uM > RE(SAY K ffi (S A ST 7
b

355 & F¥E Y&

H] K s Na'~ Ca®" ~ Mg”" ~ Mn*" ~ Hg*" ® Co** ﬁ%ﬁf WSS B PAL
TERUEYEE - [T Ag™ A Zn*" E‘F’EL@? phenylalanine & % ’9’45 P ﬁf[ e iy
&% o
K™~ Na'~ Ca™ ~ Mg™ ST PAL 5 [ERYZ5 1 1 P15 ¢+ [y Table 4. Mn™" it
E[Eﬁ PR g (AR e ge > £ 5 mM Eﬂj‘ﬁf@é PAL % PHREEIIIH
G e FIH Co™ 54 1.5 mM [ rr;ﬂ% PAL JF AT 50% : Hg™ f IR
EI%‘FJ’HI mM P 50% PAL §ri- iy rj 1.5 mM A LR E RS 30%:

i PAL V5l Figure 33, 51 K" ~Na' $f 77 PAL 4% 1 PS> (fIRL Ca®
Mgt ﬂ]ﬁfﬁl%’& 35 mM Eﬂjiﬁ'[\fﬁ#@fﬂ [N 50% 351 - ffi Table5.» Mn®'
B D AR > 2 S mM TR PAL e
54> ?ﬂﬂpﬁg@%ﬂwg PAL #!{l] - C02+, i+ 0.5 mM ¥ E‘jtp r ;;H T PAL 3“[&
FIffiEr60% I'j ™ > 1.5 mM Eﬁf[[f&]ﬁ ¥ 25% » FIIfIAORE L T8 PAL e s He?
i Jﬂ]ﬂf[jiﬁ,\l [ﬁg,@ﬁ 74 0.5mM i I HTI{Hr 80% PAL 351 - m I EFE] 20%
I 7 1.5 mM P RS 16% » ST PAL P -

T 5y PAL Vid ¢ (11 Figure 33, 1 Mn®" i IREIE 1) E jf“ﬁ&%@iiﬁ% iflli
= fu4mM Eﬁﬁﬁeu PAL #|PIREFIIH S o iy He™” ﬁli#ﬂﬁﬂifﬁ“ﬁﬁ T

IFZ,I 0.4 mM AJf’ [Eﬁﬁwﬁ TR = 27% o Co™* F'Fﬂﬁfﬂﬁ‘ﬁ‘%&

A+ TR PAL S EE s PO G R [y TSR TR PAL 02
RS PRI oR S P

3.5.6 = 7= [NBPEr PAL iﬁ[‘ﬁrﬂﬂ;’f‘lﬁ

¥ H |~ §=phenylalanine fYR74 P15 N ZhL7 R NBHUFE P jé@lifg@?aﬂﬁ + I

BT Gt - [P HELY (T BRHTRATS P2 o N SHPRE R [N Ags I

T P ‘*Afj i PALiflifk I B R A — ‘ﬂgcfm s J\E

T Table11. 1 : 4 o-~ m- » p-coumaric acid > [N} p-coumaric acid -
T ' fEAZ [ tyrosine ammonia-lyase (TAL) iﬁ‘[ﬁk (# {1 # ; 0-coumaric acid ¥} 77
= PAL]?'JF B i%ﬂﬁﬂﬁjﬂ[’éﬂj’mcoumaﬁc acid ]ff]]fﬁ[]]”EE'J“JT PEEE > & 100
uM Eﬁ[ Th= (I PAL ?F[IZE;%%JET} 75%¢ ™~ ! p-coumaric acid %= sy 'y PAL 1V ]
ﬁjﬂﬁi%ﬁﬂi’ﬁdfj’ﬂﬂ@ o 'Zﬂﬂ' PAL fiU% ¥ trans- cinnamic acid ElfJﬁﬂﬁjﬂﬁi%*éﬁﬁﬁé?
T PAL T SRR e T T RSO ERETE © (15H TR PAL
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FEEAID - IVt ferulic acid Y= # .V LIGIFLE T PRI PABA I > {7]
ﬁﬂ%'%ﬂéﬁﬁ’ﬂﬂ@ - Caffeic acid RLEFIFOENgIR > % 125 pM [ > 78 PAL 1%
PRI 28% » T 250 uM [ » PAL 2 ?Uiﬁ‘l&k s (ERLfck 8t =" PAL §f% > 7
125 uM [ » PAL 2;7‘[‘% (IR 81% » (ERLYE VRS HTIPE] 250 uM [F » PAL * L4
A ‘]E[JT z[Hﬁ[fk » T5EY PAL 4 LLY[1]F=° Tannic acid 7 0.025% &% 53]: » T73 PAL iﬁ
M IR 299% > Tl PAL if[[ft“JE IF[™ 15% » ™5 PAL 2F[IiQJE RN 269 -
AEE T AR NEIPPE T o-coumaric acid A[I ferulic acid ¥fTE PAL ip‘l\%%{é
PPN HERAOPETHIE  PBEROLTRITR 4 o TSR TTRY PAL 0T W RBIP
FIHITE /== T2 PAL ’FE‘F"}’@ITI °
3.5.7 FLETHI-

PAL gﬁ?‘rgj; [iﬁ Jjgkj‘ﬁ,lsf [@}jﬁf’@%?ﬂ | % E Iﬂjj\gcir—ﬁll [P0 Hk > P G
L-phenylalanine 1/ & l%\[ F,%”J D- phenylalanine > I'] & — “% [83 P11, Flﬁ—ﬁi’?
ik & ?ﬁ L-tyrosine I'| % L-tryptophan ° [l 4% L-tyrosine 1/ ??T’Eji@ (X [Pl RY
2 mM > [ﬂ’&'ﬂ*‘“@ﬁjﬂﬂ [ W?%@ﬁﬂ% 2 mM e [iij 2 mM phenylalanine %% PAL
J Km i P BEIRT 2R i Km (R [ Km BRI T 2

T Tuiﬁﬂi © TR TRETU AR > 7 Table 12, fﬂrﬁ*ﬂﬁl LY RESET AR
D-phenylalanine 7 @ BE PAL & PNIP T FJ Y B EEﬂUJ:E IS5FPHA (blank) ©
L-tryptophan " Ti PAL FLET > 7% Aggp T ﬁbﬁﬂ’?‘yPBﬂE el o [N A AR HT
M1 PAL [E=N N | TAL iﬁ‘[‘fk |l }{ﬁ’ tyrosine V@Y p-coumaric acid » Fl‘

FIFIP] Azpof@ =&l » p-coumaric acid I trans- cinnamic acid 7+ C4 b fF[‘ %"
hydroxyl-group (-OH) > &5k ]E{ﬂ"ﬁlﬁ'l 290 nm FEF2E[ 310 nm - I'] PAL i— I%?Eﬂiif
(Ango) » o 3K [ERHIZ] L- tyrosme fgﬂ‘ £L PAL I ELET o 0 T 1] Agpg 3E|J{L_ TAL iﬁ
‘[‘ikElfﬁﬂ?ﬂﬁﬁ .

3.5.8 [~ St EHE Y4

S 1LY S VT[RRI AR PAL IF B K8 70 RS P el

ZF‘ F[?J%EJ;:FJT [f[ 7152”14'7-‘]}1” :

B-mercaptoethanol : fiiét f“‘}?ﬁ'ﬁﬁfﬁﬁiﬁi Sl i Pro BPTTHRTEE TR PAL ﬁﬂﬁjﬂfﬁ
G VIRE  HRLSFT PAL Al I [ Ozh 4t -

DTT(dithiothreitol) : Hiud [~F[Z= i Bl (A [~ flfPJ > ZJf=#i{T] B-mercapto-
ethanol » %’E’%‘ﬁ P ERL2 - [WHRERL(-SH) Tﬁy RYFRRER Fﬁi}[kn ﬁ; (stable cyclic
oxidized form) - f{'§&#" B-mercaptoethanol fiU5dEH{N » DTT fﬂF'EJ,ﬂ.TEl‘*’jﬁﬁﬂﬁjU T
AT PAL A 10 mMUEE ™  PAL YIS 30%  [iRALE
FHiEL (6 [~ ﬁfr”” 5 EEEA ﬁﬂ;‘é@ Bl - JEH DTT pusgbf ity - ’I‘ff I’Jcﬁ cysteine
residue #4{H—SH group _“FE‘??FTI?E&:%F“\[ ’ Tfﬂﬁﬂ PAL ?ﬁl\ff °

@
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PMSF: Ser ?{Jﬁ?flf@ﬁﬂﬁjﬂﬂﬂ’ ﬁ]";fﬁﬂi"r} S VET L seryl residue 7 A B : PMSF
T+ 4 mM JEE Tﬁﬁﬂrﬁﬂ Tl TSR TRy PAL iﬁ‘[‘ik,%'% 30% M% o N3 T70%
iﬁ‘[ﬁk o FHASN TP #1 > PAL VP IET Y seryl residue £k l"“"@’ﬁ%ﬁ’?r“\”ﬁjf o

DEPC : {¥fffi histidine * tyrosine residue > FIJ HTE S & RNase T 48 o 5prodt o

TR TR PAL SR G 1 AR FFVJHI@JE BPFEE o PN histidine B
tyrosine residue 7+ f?\ i 5(5“Ji7 p p&“}‘{ﬂq 0

Vinylpyridine : {££ffi cysteine residue - F =135 F| EﬁF[LII » cysteine residue rﬁ
g?iﬁ‘[‘ikﬁﬁ%ﬁ ’ iﬁ’?‘}ﬁ'[‘i_’\ [ 5 F|®'] vinylpyridine ¥ {SHff cysteine residue > FriH
ZpUREN T T HIRE cysteine residue B fSEfSSf PAL ?j [ERy2 e [ m O] PAL Y 3“
(=7 ”3,:’1@! cysteine residue e

3.6 #TT PAL 3LPEFH

L5 cDNA ?’Fmﬁ—%&ﬂ VERIL PRV G2 A A B R B E DM PAL 55
FFIEETT > f ¢51 BOPALL - BOPAL2 ~ BOPAL3 #1 BOPAL4 « 77 |47
fEH, (genome Walklng)ﬁ%:ﬁk » ZS (P E] 5 BOPAL4 fi J?SFFI%H 3] o

i IR R | 8
PAL-1 2,136 bp (712 a.a) 5.8 76.9 kD
PAL-2 2,139 bp (713 a.a) 5.9 76.9 kD
PAL-3 957 bp (319 a.a) partial sequence

PAL-4 2,142 bp (714 a.a) 59 77.1 kD

IIFTIEA BOPAL L (3 2,136 [ty e - GRS 712 [k PRSI e BT
PAL 1 LINEGE S P T4 e, 7P | NCBI S s =S blastp) » Frf gL
fitT PAL ¢ FqﬁIHﬂEﬁ BOPAL 1 JLPMHIfivfiEzs! PAL F"Uﬁ' L 1 G e ?ﬁﬂ%ﬂ
e Fi o flet A o PR -] (Ala-Ser-Gly-Asp-Leu) > i JF Ji (LS [ U
PP 1Py PAL ?BBA whL o TPV RS BT 200 [ PRASI (S IE S
ST AT AR ) Ti/ffﬁ? IWE&:J@‘JHIEJAIa Ser-Gly = fi A+ F 7Ry MIO
group (4- methyhdenelmldazole 5-one group) > MIO group & T‘i PAL AV kA" 5y
l“lﬁ o T HAL POk i+ 51 ¢ ﬁl[ﬂ [~ MIO group > MIO group £ PAL [#[™
[EH I Jif[[fbfll ~(Poppe et al., 2001) » FrfE T 7 BOPAL 1 =* BOPAL 2 "-¥|
HI“Jr £ MIO group ° iﬁ—ﬁﬂi"#\rﬁll PAL I/ {* ?F{Iiﬂ VI o R TR ARk
% o ff BOPAL 1 SFEAIE Pyuies Psifpuadi il o AL T PRl FIAs-K fY PAL
(identities 1% 86%) » £l WL | % FY PAL(identities 84%) ° ﬁigl’,‘;‘% (NN l=7!
“t BOPAL2 F{I BOPAL4 [IUE=S5fiAH |1 ([ = F75E i RS FF - - 1)
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BOPAL 1 #5131 BOPAL 2 Pt ™ %) 27 5L ¢l T [l - BOPAL 2 H
%wf», 2,139 A FI[% > [ iEES 713 [ ER3IAVSEE 187 - 1) BOPAL 1 [E43EL
i FIBOPAL 4 '€V F) 76 (B LA 17 [fl » BOPAL 4 H &5 2,142 fi
FYFI R S 714 (RIS O e (LR ERAURLE BOPAL 1~
BOPAL 4 57 200 [l LT - ’g‘f'“‘J wa B = [l S | o Pl T [ ()
Bhih o fsrf I@TﬁJ up{ FpAE N 2= > BOPAL 1~ BOPAL 4 ’g‘ T ﬁ " PAL fuzs
ﬁi‘l‘ikﬁatm(functional domain) > i #5155 RN E[[ BOPAL 55—+ Bl A5 77

» F:ﬁﬁ %*qu—‘&ﬁw % 5.8~5.9 }fF' o FI R o3 A i # iPSORT
(http://hc.ims.u-tokyo.ac.jp/iPSORT/) 757+ » 553! BOPAL 1~ BOPAL 4 ’F‘, T\T%T}{E_f
= 1&?5' Nl wﬁ\’gﬁ' v #4 RL - %)) (signal  pepetide) - 1T ?E} PSORTII
(http://psort.ims.u-tokyo.ac.jp/form2.html) 55 #7 > FTo[1f PAL # J,F““ﬁﬁ,jﬂ@%@*ﬁ
F AL R )7 R AR B L

3.7 BOPALA$L DI RS =153 4

FRPIFL T PAL PR I SIE ™ ) RIS v e e
Ay PAL ﬁi[ﬂtlﬁ AN [ﬁj promoter =° Cis-elements jéf%ﬂ rallirAs Iffﬁ‘ﬁi [ﬂ’ﬁh;
& > SV PAL BLWEY promoter T3] o H‘ﬁﬁﬂﬁ%{“alﬁg‘ DNA ' i i
Rt S HE UE‘JFA BOPAL 4 ﬁl[ﬂfwl | K &) Aﬁl[ﬂ MR 400 b.p fY
’?VFI*H =53] Tl/E’?}"‘]H; » 7} PAL FL[XfY promoter IITQUE ﬁiﬁul{%ﬁ TR > 55
Wl £ P-box ~ A- box L-box > ¥,I'] #J?:é%‘g(carrot) FLfY] > L-box #+77% v BLN -
W 100 =it ﬁ LAY ES: T/C C T/C C/T ACCTACC 5 A-box 744
TS B '—ﬁ“ -160 = F FJL"EEIEJH‘ SJlIE%: C/A CGTC T/C 5 P-box 74 &7 £l
P -180 o b g PF' o FIH A T puinEE S S > 5 BOPAL 4 promoter i
-157 AbEe [‘#7?”;';?[][ | A-box F[m" ” IEIH‘fJﬁ 7 = A F@r}{_‘]:g?’t % A'-box °
PAL J—iﬁygl*ﬂ fIT P-box ~ A-box ~ L-box H-7[[fi JEF“EWJJ E‘J'JSF H %3EUF’7/E’
BT L R 2T rﬁH@sﬁa{wﬁvﬁ@ B MSAE (1 PAL L
PR O <

}{ﬁj’ T BOPAL4 ./ promoter %[ 7| E'J?Fﬁ HE ﬁﬁ’ﬁ% J3 7 7 £ PLACE
(http://www.dna.affrc.go.jp/PLACE/signalscan.html) J/‘:D ProScan
(http://bimas.dcrt.nih.gov/molbio/proscan/) ﬁﬁ’ﬁll ProScan 5 Al E:E [,Ff[ TATA-box
P LI 180 Y PR + < P21 00— A
AP [ 5 L RIS AP-2 T SO IAT cCAMP ST AT
A0’ cAMP ]lptr? RAELA S F&ﬂ]ﬁ:”[ﬂa o [ij&rﬂ?sr;ﬁa f JE&.&E&HH'?@EI[ | AP-2
A R BOPAL 4 JLPN L 2 y?“ TE[ cAMP ﬁlrﬁg[‘ﬁ“ gur%ﬂ(:y R
T‘iPFm“*J%"JFE‘ﬁle » AP-2 F”l‘p“J“Jﬂ‘?’fff% A IR FHIIRL A ) - E“jf‘“
ProScan 7j ﬁ%ﬁ%’%ﬁ%ﬁjﬁ?ﬁ?ﬁlﬂﬁl K T"‘F' T&_?J?Vgﬁ% Sy 2l
PLACE » S3 Al 5= > E5gfe 250 bop. E\J’ESI‘Q*H e & S Erp it
[ E’[ A2 7+ BOPAL 4 H157=228 Eler'\jffE{’rifT‘i% V-box Al o I 553205 prfk

42



57 i

Eﬂﬁ'?} A-box T[> P-box F[I A-box Tl K PRERY PAL ﬁlﬁd?ﬁf‘;‘wi'ﬁl :
e P %%ﬁ&?}ﬁﬁiﬂﬂﬁ?ﬁ’ PAL BLPNEI I fifk 7 (cis-acting element) » 5%
ﬁﬂﬂl\iﬂ,ﬁfﬁ[ﬂ—fﬁlg)&&iﬂﬁ?f » Fhriid PAL FLPNAYA (Logemann et al.,
1995) - ?S“EI*J—J 215 pufh PF[ T W-box > Fﬂ}l&@?ﬂz@t iﬂlj E 1=k (gibberellin)
17"‘ Y EL [ﬂﬂjﬁkurﬁ” %J%(Zhang et al., 2004) - ‘?yg*ﬂ -222 ﬂfw’\jfgﬂﬁ' ik
Myb -motif > Myb protein £IZ* phenylpropanoid {* ;&Wlﬁﬁpﬂ,iﬁifgﬁ{ﬂi' » BOPAL4 ?5{
= Fl1fS Myb-motif -%[[51 Myb protein ﬁ%ﬁ &F%‘EL PAL L PN#Z(Tamagnone
e al., 1998) < SEIT 66 [196F [i1 €|~ FTRBLIs » F B TGIA Gowik FFH
2004 = FrgiAkpy CACTFTPPCAIl-site E'JJﬁ'ﬂ\J‘[\ﬂf » CACTFTPPCA1-site ?QZF;"\JE'}
I phosphoenolpyruvate carboxylase (ppcAl)f J%‘PL ]}J o rjf?;‘[ﬂ—f -57 prfb PF[ i
7+ GATA-box » GATA-box %@Jt i]ﬁiqﬁﬁl[ﬂﬁf A Jr[m?ﬁﬂﬁ@ ' 7+ 1989
1 Lam &7~ 5834 cauhﬂower mosaic virus (CaMV)#£l [ﬂpﬂ???ﬁ% N
GATA-box + i BEAIBSA[NT" ASF-2 i (f » (B[R hI A - 1|1 BOPAL 4 T
F= BhIs 5L GATA-box iUy it » iﬁg??fﬁt" PSRRI R PR B B
PSR » [ PAL # PR R EN RS AT 5505 ek PO
'J?&ﬁ’?‘y?%ﬁﬂ? » S GATA-box #fL WEIUF%‘EVE |7 ’%ﬁ”‘ﬁﬂmn—%ﬁ?ﬁ'(Gidoni et
al., 1989 ; Gilmartin et al., 1990 ; Benfey et al., 1990 ; Teakle et al., 2002 ; Reyes €t
al.,2004) - 7 F =" -29 Py 38 fl1 % 7 ABRELATERDI-site (ABRE-like
sequence) » 2004 F Simpson =25 T [0 Fib [Ll*ﬁ Hierdl FELp<fli(early responsive to
dehydration, erd1)38 /¢ £| ABRELATERDI-site A I?)}W‘aéﬁfﬁ erdl ﬁl[ﬂrlﬁ
E J‘(dedydratlon)ﬁlF[ [*(etiolation) %ﬁi’ il JI;S)} ABRELATERDI-site ¥fk% F:ﬂj(
SRR » 7 BOPAL 4 F{fi 7% 9 ABRELATERD I -site » [ 2
FIfe g [EIT% Hl erdl ﬁl[ﬂ"ﬁ ) ﬂ?%‘ﬂ?f;{&ﬁﬂo F 'ﬁfjé‘:j’ﬁ/\ ABRELATERD1-site Elfj’FjI
HAGRED > PP uguyﬁr’?r’fﬁ L= i BOPAL 4 =" 53 Ao i
TSR 1 -
ﬁlﬂ fp7e PAL FLENAET] - BOPAL 4 [l i exon 5%'7%(exon I ﬁl exon II) I
cw — F&h1 96 [[—‘T‘i}f E@J}“F‘yﬁj intron 3~ /]J’Fﬁﬁ/lntron A 1 RAR ﬁ%ﬂ
ff}’iﬁlﬁi intron 53|41 [fH\ ’ ]ﬂij[l;ﬁﬁpﬂl PAL ﬁl[ﬂﬁlﬁ intron EJFA 600 [[—‘T‘i}ﬂ
[ > [HIF= BOPAL 4 fiv intron o BLPRSTHTH > i 1 2 i

3.8 i PAL cDNA I Zikpug

3814 P‘d/r%‘?f

BRIy VAT cDNA 2 R0 A GCG ST ] PAL L
= PAL2 VTR - ) tﬁﬁ%fy@‘ﬂgﬂ pTrcHisA q{;ﬁ%ﬁr vE L
I 0E 2 2 5] BamH 122 EcoR T [=ELTH =" PAL cDNA Vi 71 PAL 1

= PAL 2] ST IR 152 16 [ F] PRI F ] 2 ST Bam H T
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IR EORH RA - RA }WJ |[+"(forward primer) 3 AHI[Fil#s » 47 53] 3° ffu_
422 228 G P ) AT EcoR T =0 pOfy 4 R
A Fﬁ??’@ﬂi@%’?fﬁ[ﬂjf [~ (backward primer) °

3.82 FFUBMV A

PR E) BamH 12 EcoR 17000 (57 ([ff#=) » 525 PCR ™~ b1 -
PAL =5 l";‘fﬁﬁi’?}é'?ﬂgﬂﬁjﬂf@” it o F¥ 1] BamH I =" EcoR T [ 73 f||Ti A
TP pTrcHisA ~ PAL 1M PAL 2 5 F8 > SIRERGT (= DNA A TS - ST R o
FOTHI=® PALT » PAL2 }?}? £ IR A AT Topl0 fl1e Figure 25, =2
Figure 26. Ji {||£% pTrcHisA/ PAL 1 = pTrcHisA/PAL 2 §8U%3E * “VBIRTA Topl0
o B GE L R T R %\i%gﬁvfﬁ’ﬁﬂ . B«Lﬁbﬂﬁ’—? BamH I =® EcoR 1 i"Jifé’[J ’
tHZ[%9 4.4 kb (vector) =* 2.1 kb (insert DNA)*; Bl J%Tq\gﬂ o TE«L]%\%}%‘E&F/J ’ FJ i
PO 1 D et H:T [ i e i
[l 20 RLERPRHS » [5SBREHOR -

3.9 FIH sk o 1 R

391 BEIRVE=RY IPTG 1RE

Figure27. £ pTrcHisA/PAL 1 7 AR Topl0 fl1> N fi NEVEB0~37C) H
*ﬁﬁ ' M [fHELF‘*" (0~2 mM) IPTG i ﬁfﬁ%ﬁlf’ﬁ 4 ] E\ﬂf }H 3 mL i > BB
& AR | RRERART » ARSIV ik %15 SDS TR T B RS CBR
Reeig éﬁ%'*ﬁ%ﬁﬁﬂﬁ%ﬂ?ﬁi IPTG ?ﬁﬁi B TR D
SHSSBHEIAT S 1TTPAL 1 ST (TR iﬁ‘[‘ikq"a‘f%iﬂ » AR 30C
7 0.5 mMIPTG Bl ™ o ATE A IS > bt 2 mM IPTG ™ i P Sy © =
FERIBEY IPTG % » RLAYE RIS 2 (THRT RIS IPTG (468 %
10 mM)3& .ﬁ?ﬁi’ |ﬂfg* 1 HE UFz mM ?’*ﬂi BRI uiF T 5 AR AR
37C R ?@ﬁi TR i ]2 H&@ IPTG ?L‘ﬁi R I a td A
Figure29. > Eﬁ”ﬁyﬁ T PAL2 H J?"’;ﬁﬁ%\[%’ PALl FEITT > T+ H530°C ~ 2.0
mM IPTG??’? TELH S iﬁr:s‘ﬂ\?ﬁlﬂf » (HPAL 2 JiF T £% 25.80 nkat/mL *59£% PAL 1
iﬁ‘[‘f&(m 75 nkat/mL )fv- [f p ﬂﬁ%%'%[ﬁ, ] 30°C ~ 2.0 mM IPTG ?F’T;zfl v S
ok gl AR ] '/%ﬂ‘

3.9.2 B
FYEASHIFED ) 2.0 mM IPTG ¢ 30°C ™ Bk 2 » SR T 2= 373 mL
Pk > BECISPARE 20T BT FEEIEE 12 T - }L_{ﬁ‘[’;,}”yg%?y .

44



57 i

R 2 R HSE R S r e I ERIR iﬁ'[\fk 53 AT B - pTreHisA/PAL
1 (Figure 287 30°C ~ 2.0 mM IPTG 5y | [ » S| T 4fIEap (7945 6.2
nkat/ mg » Big% 12 J s PRI R, - 795 12.4 nkat/mg 5 SDS Fiiﬁq%
[1‘ © CBR 3&e1i 85 > 7 marker & 18776 kKD A FE[iffT » © lﬁ“[ﬁﬁﬁﬂf TRl
» HELE S KR AR S BT PAL L« [ pTrcHisA/PAL 2 fi J%ﬁ;[ﬁwmg
frﬁi[ﬂ FlI Flgure30 1> SDS Fﬁﬁﬂ% REREE G - R [STEE]:FE, P
Fucwuu kﬁ% 12 7] Eﬁ&pwﬁf[[&ﬁ 23.2 nkat / mg t i PAL 1 J/Fxlzftl g
F‘Jﬁ'%‘rf[% ﬁ{?’r‘ﬁi r PR PR ARG A 12 ﬂ*ﬁﬁlﬁ’?;& .
PAIF= T 2 sy *ﬂfﬁéﬂl » I'] 20 mM IPTG #* 3OCT%§8 fiﬁrﬂ%ﬁ;%
U VIO

3.10 AIFLErF 1T PAL PRt [~ 3R

}{ﬁ’%:’f&ﬁélﬁfﬁ,‘ﬁ? 30C™ > I') 2 mM . PTG ?‘éﬁi 8 'J‘Eﬁiﬁé 200 mL Ak -
ﬁﬁ?ﬁ%%ﬁ%ﬁlﬁ%“ﬂ’% ik J‘J%T%@?‘ITQLHW??’ ’ E'J%E‘ﬁa%fﬁ?ﬁ%’ﬁﬁiﬁél CEELIV R
AR - 5O AR NE-IDA FE o PR IR g VT A A o
Histidine #2385 » == HHPVGESTETS » FITE T IRE imidazole fi Jﬁ DEAf]
}H%I’;lﬁﬁ I@’T‘j?\‘gﬁfﬂ[ e 1N TER 3“[5&7}%@ SDS “1:31‘71 P [RIEREAEI o [HfE

A pY CBR Hoe IQ%' (Figure31.B Eﬁ[ﬁi Figure32. B) #i7f > #IF & 1T PAL 1 =°
PAL 2 riir'%‘i‘:’?ﬂ“ Z{Efk (elution buffer 1 FA[ 250 mM 1m1dazole)cl i 1@1#\1”3’5—'“ hES
BB IV EE S By — [ fre uf”“ ifl[ﬂfm il TENANE [n?’,’g‘ri oY= W[
* ﬁﬁr F{U%ﬁ[ﬁk = %Iﬁlf‘j?”ﬁﬁ I@f’rPALz EJHF{ [£7355 PAL 1 fi er‘x“f,

AT =R 1B PAL 1 22 PAL 2 [y BRATHRIPORLE - 317 i 17T
Eﬁfﬁ%i Pl AR RTH E[RC0 [~ A(Table 6. ~ Table 7.) » [liZ " =1 » PAL 2 iV
F“ifl[fk (809 nkat/mL)7%£% PAL 1 F?ZF[ [%(160 nkat/mg) fY~ 'Pfﬁ > (IR [ ljfﬁ:'f“lﬁj
7o PAL I 7985 PAL 2 iy i SUHERLSGEAE A B AR A L
R BFPAL 1 o5~ Bt -

BAR o R BRI R IR T PAL LN AR A A
IPTG ?@;ﬁigfjifﬁ%ﬁz » 3% SDS ?‘#ﬁ?ﬁ}fr’?  FURBH GES CBR Zeai== aybal
It Figure 33. = Figure 34. - [I1 CBR He<ifffl]l - A4 1BTRE Ni-IDA 7
Pl i o HA ) ﬁ?ﬁ#]@%}@?ﬁjyfpg_ .;[f[ﬂj » FLIF B AT PAL 2Rk
?E'F’?ﬂﬁ%ypj Evpl A [qgﬂip, o [f”'“ﬁ,?%‘/l—,ul s EJl_féTer G PJFJ@F‘%%
CBR q{;}l FHp L= e Ii[““ffp_:ﬁ/, E%%Igﬁ T PAL o ;H RIGES =N = A s
ARTTEYRE PAL 1 F"FLF" Fj“ﬁ}ﬁjﬂf"ﬁ‘ }{—Jﬁ%}‘ﬁ 1575 CBR Lle 52 gyl I@TU Figure
35. ¢ fli CBR #e Iﬁ?ﬁ';ﬂ A PR R ATV RS S 1ET PAL > [N N JFI&"/‘
793kD Eiﬁiﬂ[ FPHER R EURRE ST RIS BT PAL [ /74 242 kD 440
kD [ o

SREIAS S 1ET PALL = PAL 2 iﬁ?ﬁﬁﬁ}ﬁﬂjiﬁiﬁ}} RS T 4 SR
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TeeHT ['ﬁ[?:.fiﬂ FUREST & o [V i s ;ﬁ B S TRV U5 R
R R 1ET 55 = B PUSE A EAR e fhgss gp Flgure35 BZ® Figure36.B; |
PERIE TR T £5L1% PAL T4 i oo Bl °F ff ’f”“ E fr‘ﬁﬁgnmﬁrﬂﬂpmég o
”’ﬁﬁgﬁ Tglw\ﬁaffﬁ&%fﬁﬁ U 1ET PAL 1%’ PAL2 ;5= &I 57 HIF9EE 320 ==
330 kD i fg FERTH PAL 290 kD~ 57577 PAL 275 kD 253757 PAL 258 kD »

HEWEIRS S VTSR TRID PAL — B [P ET PAL TR RS TR [T

Ij‘u?ﬂ lf/ °
311 R FIFF AT PAL FUS [EET5T 7

SR Ni-IDA JTEEHTA: - 21 PAL i kil » 305 % [0 47 - 1)

AP IR PAL 2 [~ ET0E S PUASE(Hr » 2003 5 B 2003) » [P

SR D O e %rﬁj&ﬁ@ﬁ: PAL S5 VR T ACH
{19 PAL S5 17 + 0T [ B

3111 R PR AR

BT ERI ATV P ol L EPAL [ [T L-Phe AR A
t-cinnamic acid FU@E'E‘HﬁF'EHJFTJII o A E Agoo A~ > P IR ] [R5
Agoo VIR ST RS Rl gy o PAI= Sl i 2 RS ATL R
10 55&8 » E e fifiaes [~ 3Ly’ | ,%’5[51[ °

3112 & R R b

VR [T Y SUERR > ST T [FREVE S s S R R
ﬁ'ﬁlé& ’ %ﬁﬁ‘iﬁﬁ‘l‘i*m {11 Figure38. Ji' 41 » AIJLEIAC G2 19T PAL 1 &
PAL 2 ™ el il % 745 60°C » Pyt AT T A PAL Vs ipibi
507 o A FEEH PR PAL — KR (Table 13.) » kil (1 (= Tl i it — 467
S P 60C 2 4t REBURARRSEE] > P SE S EIR S 1TT PAL
= PAL2 IR - 2 37C ST 2 IR -

3.11.3 2‘, (= F"

YF[I ]EJ actlvatlon energy) I/?Fl'ig’r‘%qiﬁﬁﬁ* q%ﬂ [, , grﬁjwﬁéwj & JFEJFE‘
(activated complex)== "~ [P I o o [l » [ﬁ;“g 35 %E?F%lﬁ_aﬁiéﬂ?m 7
AT K ;ﬁ}ﬁf}{kﬁupﬁ & ?;JJF‘E' ’ lﬁjﬁ'iﬂ R iy f GRS B P[]~
TP P2 PO ﬁj@ Me% PRk pu I ;]3 ,’35 9 T s
3 (R R R R REVE N D s

F'1 Arrehenius * F03EEL dlogV= (-Ea / 2.303R)d(1/T) [ﬂ = T R s
T B I A sl > £ log V. (velocity) S5 /T e TEVE) (B~ i
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fIGst > 1 Figure 39. » pHHAsR] S dfll iR REFHET PAL 1 ifll e85 9.3
kcal/mol » PAL 2 iﬁ]’“ ’H"'%E 10.1 kcal/mol - ﬂ[%ﬁ/‘q‘fkﬁﬁ [f[ Sﬁ jish PAL Wfll FJ

S5 HIIE% > T8 £ 13.9 keal/mol - 37 1 11.8 keal/mol (3, 2003 ) &7 1 15.6 keal/mol >
P ATERE S ™ - A& BT PAL (™ L-Phe a7~ R b1 [l
56415 PAL 1 -

3114 B

[ij‘fﬂr}u [Ifﬂﬁ 738 51 PAL “"‘J Aprpugy o4 Kim et al., 1996; Kalghatgi
etal., 1975 ) ELZES iR 52 IPALftF\,“JEJLFL“ﬁ [ 53R PAL 1 =2 PAL2
TR S0C ~ 60C 2 70°C EPIFREVE N 0 B 10 ~60 3 ER AV Bt
ﬁl@ﬂf%‘? 37TCHE10 e 8% PAL [k ‘%\Jf?‘ﬁ@:ﬁ*‘lhn?%\'ﬁ“ Figure 40.

F,ngy'[%r;lgp@‘r PAL 1 7 50C %ifl- ] [ sp=atf 50% ! J I T
60°C ™R 20 558k ifliﬂf%ﬁﬂ I “Fﬁjffﬁ 50% > {17+ 7OC NEZEN0 SiEfE 0 PAL
1 iH[fkﬂ“jtF,\lfﬁﬁJ 1% ; fijf'r Figure 40. B fi' £t 5 18T PAL 2 7 50C =2
60°C - ] [ if[[ftr'“fﬁ#ﬁ‘ 50% » {FI7: 70°C NHEE 20 3 0 PAL if[[ft
U] 3% 3 1 B ) TR ] TT PAL TER A 70T 16
A pbR T HE Y% -

3115 &Rl pH il

JEmE R T P AR ER pH 3411 pm@g@rmw,gﬂ LA
[T PAL 1 PAL 2 ¥ £ pH qgn AR - ISR IR - ST
S - (1 Figure 41. r%ip s PAL 1 Z2PAL2 ’g‘[ipH 8.0 Eﬁ@ﬁgjﬁ[\;&ﬁﬁ . pH
9.0 EH]H Yo7 pH [fir[ 46 | JI%U?'P\ 5 VETPAL @fgjﬁ[\etj\gﬂw%o il
P“ﬂ‘f{j [ﬁ ‘Tf*aﬁ‘[’;?%&’r’q\ [ﬁ ﬁ r'Tf’F[fJPALE['Uﬁi% pH @jp Engsa) aPAL[iEF‘IiE} :%11?1
™ (PH. 8.5-10) FIE A I o PR PALI IS T - AR ER D pHIf %
18.5-9.0 VfH] -

3116 Km [

FIATPALELHT— BLUETHY (B [Tk » [N FZ,I}{—JEL’?’T&L phenylalanine [ieln% T [ﬂ
L (0.2 mM ~ 1.2mM) » U0 PR A e o i LT A A
SRR o AR AR SR A TR R A Km i o
Figure 425 5Tt PAL 1 fVKm £5200 pM > [N Figure 437 i1 PAL 2 [VKm
£5,250 pM > Bﬁzﬁﬁﬁﬁ[f@PALd/m (> SRR A i VTR mfi ] A
AT O PALPYKm o R A5 AR P Sp D A SEF TETPAL S £L AT -
phenylalanme H J%J I R et IFF[ itk IVPAL ©
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3117 WS E

A pl e ELERRA TR T [ﬁ [ 1A S22 A BRAVE FEEY (K- Ca®t s
M) S50 & s Pt - Mn®™~ He™ N2 VR esk ™ e » 7k
3F1IEEF[J@] ?%ﬁié%ﬂ?% a:fPALiHIfEEJE%ﬁ;B K" = Mg®" %fPAL1 = PAL2
VR T PRI F =S  80% » (ERL Ca™ [IEI5mM > fikss PAL 152
PAL 2 iﬁaﬁ;ﬁg@j@ FORTIER G IR = 60% I'j™ > 2 RS ] - dlty
A = 40% ; EARTT] 0 Ca®t BRTTEY PAL (FR, 2003)2 YA (B, 2003)*F
PSRRI =t Y gtlr 2BeP7a PAL o7 fRE IOLTIIAE

P AOREH T SR e & B Fe? > Mn® Hg® ~Ni*" [ 1% BT[] PAL
AR EORIIER G R - AR 15 NP'< Fe <Mn™ <Hg™ - I] Hg™" #&
SR R T 0.5 mM [ > PAL 1 OIAIEREREATEIRSD 0% » #2110
T [ 1] 30% ; Hg®" S po927% PAL Flfiiﬁ‘[‘ik?ﬁgf% FAFTHTT - Ustilago maydis
/ PAL ¥ Hg* " 0.5 mM Eﬁiﬁlﬁ% = Fﬁz;ﬁﬂﬁju,ﬁmg IZ5([1 PAL ~> Hg™" ]
s

I PIRRE N e F o PAL 2 03T & BT 5022 PAL T AL T Hg®*
BE IR RO RIS 0.1 mM AT £ PAL 2 37T mS i o
ffl 9= kL > NP7 7 0.1 mM =2 0.5 mM [ 1 A (R PAL 2 fOf [~
T ORI [ PAL L I SR

3118 A NBPUSN AR

o LIRSl A U B ] Jﬁgfﬂ“ abe (OB
PAL JF TR 2 [ BHIIAL G0 5 b PAL AR LTS oo IR E » iy P

PRI P SR RS (NI 7 290 nm %FMJ*' A
L 5 0 TR I R R R R g
VA o (11 Table 15, %1t PAL iU $ trans-cinnamic acid gs—cf PAL 55551l E]
THJ FJ' trans- cinnamic acid E 4 E 100 uM Eﬁ » PAL iﬁ[ﬂiiﬂ* 70% >
trans-cinnamic acid [ J[fﬂ‘ég?ﬂﬁfﬂzﬁ'% o LR I?ﬂﬁﬁﬂéiﬁzf,( Sarma et al., 1998;
Kim et al., 1996 = 77| A £ AIfiPs PAL &%) TAL it > ffi2f
tyrosine At~ EE ' E T p-coumaric acid » NIFEH ]S '}9'?“7Fﬁl[ﬁJEﬁJ£L“F%?’J
O- ~ M- ~ p-coumaric acid j%krﬁ TS5 PAL jy#F F > [ Bl ’fl[‘ p- coumaric acid &
IFE] 100 M PAL 137U S 60% » S5 PAL 1 [OfTI2R 4+ REEH, -
pJﬂ{&'ﬁﬁf}’l O- * M coumaric ac1d ¥} PAL Jﬂ]ﬁkﬂ[’pﬁ' JHiR2 e iﬁ’ﬁ:ﬁf 2 ; caffeic
acid =2 ferulic acid Elﬁ?ﬁif%(ﬁﬂﬁﬁﬂ PAL 1 ?F'[‘[‘gk » (LR A= EipYRL tannic acid
BRI (0.001%  0.0125% ) b S B PAL Y51 - SO AR
AR IS PAL S B 2003 5 k0 2003) -
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[l Table 15. (%1% trans-cinnamic acid 'FA*T PAL 2 IHF‘/[fllﬁffﬂﬁ‘[J

?f’ trans-cinnamic acid % 100 uM Eﬁ » PAL2 } I[*F,J?IE”J_R 70% ’ér p-coumaric
acid L STI)IE]] 100 uM [} » PAL 7 (6] 30% IR 4 PAL 1 B
¥ EJE?J O- * M-coumaric acid %] PAL 2 Elfj*ﬁif%ﬁfﬂfﬁﬂ[@ﬂj ; caffeic acid
<4 Tﬁlﬁ’?‘/ PAL iﬁ‘[‘iﬂﬂ%ﬁj\ &% ['quiﬁ'fﬁxlﬂfi" p-coumaric acid %% caffeic acid ==
ferulic acid 7+ [ EHAE J@ﬁ' ) ?FU r%’ﬁfﬂﬁ‘[] PAL 2 if[[ft ; [ tannic acid ESg
PAL 2 L Ay (35 fiE i #ﬂﬁku 50% [OF T o e A > T YBE
R P 7 SRRTORLEY 1T PAL SR » S B
E'_ A (TRl P e [ BRI =R 5

ALY [SISHIME IR

R SRS EE VO[S A L TR - 5 PAL 37
[fki7\ﬁ?§z] SEISEf[h ) i ol Table 14. fit i 51
}‘ﬁzm fi*‘*f&‘ AL B 5

B-mercaptoethanol : j’J‘ PAL 1 = PAL2 Elfiﬁﬂﬁjﬂﬁi%j\ PR TR E 14.3 mM
R 90 % FOITHE + 4 [SECEE] (3.6 mM, 7.2 mM) /% PAL I
ENGTLIE

Dithiothreitol (DTT) : ZJf=4f{] B-mercaptoethanol > £/ DTT %27~ {5 -SH
% —OH JLE' DTT [ IF| e 9.5 mM » F (i VBT PAL J14]]
ﬁjﬂ% 60 % ') » & Tf]]ﬁj[] PAL iﬁ[@p@ﬁ%ﬂ i@ B-mercaptoethanol g{fi o E J?l/ ’%ﬁﬁ
th o cysteine fiY —SH Fl[gd 'f% =) ﬁ‘[‘fk o) Ft JLRE 3,5-dihydro-5-
methylidene - imidazol-4-one (MIO) EE Ak IH’?‘/ Histidine ammonia
lyase if[lff* [ (Poppe et al., 2001 - [fij B-mercaptoethanol =* DTT lﬁ?x EE 4l
“Jﬁﬂﬁ"éj —SH HLE WLF““FIJFJ‘Z“JF?? fﬁgﬁ?ﬁ[‘il’%]’“‘@ﬁ MIO ?%ilﬁ’?*y PAL ;I/iﬁ
PENEE o (IS DTT %ﬁ%fﬁfﬁ B-mercaptoethanol %— {fit —SH JLEN » [NF=55f4
PAL iﬁ‘[‘ik;l/ SY& AT B-mercaptoethanol

Vinylpyridine (C7H,N) * |’ f2#ffi cysteine ; [l il =1 vinylpyridine v 0.25
mM "+ > ﬁﬁﬁ’ﬁij’ﬁﬂﬁjﬂ}ﬁf PAL 1 Y70 E‘}El'viﬁl‘% » ] PAL2 ElfJiﬁ‘l‘nglé’?'J 31% »

Phenylmethylsulfonyl fluoride (PMSF) : !Iﬁ‘jé‘f serine 1/~ (SHfi o A {NEHA
9.5 mM PMSF &3 ™~ s PAL 1 [I3#] 64% fﬁ[ﬂi ) ﬁlj PAL2 H[FE[ 3% 79 % ?ﬁ[ﬁf °

Diethylpyrocarbonate (DEPC) [’ {Zffi histidine » tyrosine residues lﬁ’?‘y
RNase #liﬁ o7 9.5mM DEPC J&£H# ™ » PAL 1 % PAL2 * DEPC [Xffi» Tx]xjﬂ
,.'T}';}EIQ#‘\:J-? A );S/F[fjjfj‘[\ﬂr °

il #E3] serine ~ histidine ~ cysteine » tyrosine residues 7t [k i [~
@f%fd [ o STE YRR R PAL I PR GRS Rk
i LRI WJ R 4 AR 1T i SEHABHE (Y110F)
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OIS I 5 S KABIED Keat ZUR(E PAL 9 Keat 12 75,000 ff » iy
?{EIJEH PRAFAHEH] - tyrosine 110 [i" = A7 FLETE 55 & Prgsy 3“[5&15%[ RPEIbT]

» ELIH [ ﬁkﬁu_@mu%ﬁlf& PO T ERE R E S PAL T R
(Dagmar et al., 2002 ) -

AN ﬁ‘]‘ﬁ“p%?%l@ﬂ

4.1 SR T TR 57 BRI [

ARTTR T PR A YA L 0 0 s f e (PR PAL VAS
R r%gﬁf' [S3RA 5 N EURE Srp OB PR ) K Phenyl-Sepharose 7 27 147t
Prik £ ﬁJ“ VRO TR Hl FINEIEVET R o TR [ IH%H‘?Z???WQ?EFWE
7V ¥ 3k1fk > Phenyl-Sepharose '/ﬁaa”i‘g‘f PTS'/WE'I—TFJ/?{E#‘ W”‘Bﬁ:’{?}liﬁl a2 ’iﬁjﬁﬁ‘aﬂ}
T A = mF“%{L‘T]“%@F%T;J prdifd o Phenyl- Sepharose HER V(=%
R [T EE SV PR PAL EIHL‘ > Phenyl-Sepharose }:LF[[® | 18T HZE
Hiy 1 FLEIREpUzAA<1% 5[ ]) (hydrophobic interaction) }H arf I@WF\"@&L" T i g
PREF T TP ERRYVE ﬁﬁ%@ﬁff&%lﬁl B TR s R G Sl gy ﬁ@PEWﬂL"&ZJE
F 1 AR F > [ st IR v D - BURAOR IR (X frp 1ET (Ao
sk 22105 ﬁjumg«ﬂﬂ oo g o R PRI 2 s TRt
[ﬁliﬁ[%’%‘gjﬁif IF.. Hﬁgﬁ @7 FL ﬁL?&fﬁ»gEj\ o o FTT PAL }‘é?ﬁ"ﬁ}'ﬁElq'ﬁJ@fPJF’
F‘[iﬁrf I %IFF” PR T 2 Iﬁ'iﬁf’ﬁ * phenyl group B 5
TRLSRE ST 0 M ERgs ﬁ“Fﬂzig‘{’ﬁ’é_k oo FEHIE RN T RL PAL %pl%
1 EhIs % o kL PAL == phenyl group F| J{ [fk’? » BB AV el
BT

TR PAL A PARE - S ARV PRI - TR PAL R RLOIF T
ﬁ?ﬁﬁf’ﬁiﬁl ZTr R RS B 52 Q-Tof 1~ﬂ’§3§[1§£” |¢<FEF§“’ 5y PAL FL
pUIE e 55 B[ Ve S i EL PAL SRR ASYEGE [MUASER - TR PAL
- KYF[[ZH\ - 4 20 [ V3SR TJW%T}?ZFE‘Y; jﬁ@ﬁﬂf bV RYA o Tl
Jfrﬁf\?@: AR o Vi SO E S [T JJ?%KFT ' R

F[ﬁ/\ 20C & PAL ?F[[—”‘f °

TR PAL O[S BT TR PAL o Rl A W) o - WO
DEAE-Sepharose %% FPLC Mono Q > |Ei£ﬂ[:ﬂ3? S HRLEE T L Bk -
AR > TET PAL AS[THUREREE TR PAL AR o TORAEE ORGP
@ IR TEREA B R PAL S ETEIRER PAL % T PAL g £,
AL P i VISR @S e -20°C B S HeR] s T Iﬁ\ﬁf“l
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57 3 R

o R EIT)

AR [ ek - WEET U e Wr& PAL F“?F[[f“*ﬁﬂiﬁ 74 6
Fﬁ =78y PAL s f P S ple ek 10% FJ & gy ag i o
A= FURES - T PAL G MEREERARE > ELB%EF ¥ T PAL Gpf 19T B
TR TR > [N Hr? TR PAL AT FREEVEF o TRt PAL ifliﬂi
RO AG = ﬁj?[ b s ST TR B Tl @”ﬁgﬂafw% =
ﬁﬁﬁ&%‘g%?@ﬁ SIERET o F YRR (Kubasek et al., 1992) @ @ 4 f T‘HI
=2 flavonoid # F/\[’?‘/ﬁlféﬁﬁlﬁd » T ?ﬁ PAL -~ CHS - CHI ~ DFR (dihydrofolate
reductase) = T E[A J{%ﬂﬁﬂf » I mRNA E! ,{a 1 KA EE;E’U@”T}FI ‘[\fb%ﬁ% I
L[’ZFUEHL’ CETIC SRR - ?ﬂb uv fITL ?f;;@ PAL jfl[ﬂ: [/qéﬁ T o IR
P [l Fﬁf ”‘P £ PAL ip[i@ﬂiﬁ R L TS TRy > TR

T, yﬁ:ﬁd/ﬁfgf}*d’ TET PAL AR fRLEL T RIRAA BT S
abe (OB P L e T lﬂﬁl‘q"il%@i :F’?gT’ﬁJA TRy TR I5RY i [NEG PAL i
FERY RS B T IORD ~ 5 BRI TR R S
%{ 71”*1?%“ PP R IR ey > R SR Ve - ﬁﬁé AR F[Eﬁ?ﬁ\ A

F B EIJ?@“'[ 7% > £ PAL [#{" ”"’T /ﬁl’ﬁ Ef%? [E3 HI

ﬁﬁl?’rﬁél@ ’['73’7%%351%—:“ & LHEH]:T Tu# b IJ‘%]LFZ/[E:'-[H MR35 3 > PAL iF
Ifkfﬂ‘l IR I*%TF 'JE@?’JE'“\%?FJ% °

2 TSR TTRIR T TR AR e SV A !

i PAL T REBR T, CBR B - *ﬁr [FJ“*’"EJFI"HZP\'E@E
FERL (™ (800 H P S e g Y g e iR K‘Vz HESEEE:
(periodic acid-ammoniacal silver staining) > [ 48 S+ 18T PAL P {7 | u.;ﬁ'[i*,'J% ,
I PAL EELPEsp 1 v BRI ) IR el Iiﬁ[ pugﬂgﬁ“u‘-‘uﬁjﬁ}%‘
BHE( PAL b 1% 005 76 KD Sl STIPEILY PAL 53 B s

Sprf VL [ (SR R "‘f“fl Eﬁmﬁiﬁ“ﬂ% TR SER TR R Y
RLPEEL [~ [(ZHfA S T E ’ E’ﬁ%lm" £l [Fﬁfﬁ?}ﬁ“ﬁﬁﬁ TER > R ﬁ“ JAE RS
frre TR PAL A% SDS BRI gep (BT el > SRR

T E AR E-’lf”“» ’ T@EUDJ? [HEEL (= (SBfzR 54 }gﬁjﬁ[\iﬁr [(REEPERL (AR 22y
e ﬁFiD o TUEY PAL [t E BISE R T PAL UG ¢

fUgE (Kim etal., 2001) frcli: S EEffds PAL VAGH| FA-E LY
N-linked [TEEL [~ 'Tﬁfﬁn“? » T Sﬁglﬁﬁ' P PAL & 2R SEF T o pE ﬁl]%fgyrﬂ?,lu
(Havir, 1979; Shaw et al., 1990) it} : % i HE2H 1 PAL L[ (SAishf
ATRLE PR N5k I/~ '] tunicamycin _Hfﬂﬁkﬂ N-linked JPEEL (= [SHfsE % >
(17 PAL JF1E B o JERRLNERIZE IERL [~ (SHE PAL Srf 1TV

I
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Ry LY [ I R O BIA] E E

’15!; &%4;: Vgl p&—LE{ SEE TN

) N PAL T 0 RERT £  SE WEFR I
] PAL ¥ N- fﬁ.}’* JJ|I¥ blocking - E[J}“ﬁ O (T [ZEfi (acetylation) =5 NPT
trypsin in-gel digestion & > :£% Q-TOF 77 A Z[[fuskfil > 55 NCBI ¥R
PESp Y A1 AR 1T SR peptides 2 oF AR PAL EHpTE peptide A
Fﬁ' » TR PAL AN 9= =K PAL AL o El‘%”]ﬁﬁﬂﬂ?ﬁrﬁ fﬁJﬁﬂ"ﬁ'U’
PAL » [P E 25 B TAZRUNER ™ ¢ TS T isoform P 7y o ZEEER T
FEEETUEY PAL JIE[F (i isoform I/ FJ'J 14 5 trypsin %@Eﬂff f' » HEGR=I
ATRLETETEY trypsin MRS FZRL - 2R 9 Q-TOF 5.V
%%{i[&l:qf«t T };g[ﬂ% -y — oﬂ HJJLFT —FF ‘”\_’f[“\f‘rﬁﬁ , 1ul _”ﬁ,ﬁ_ H,/ SDS-PAGE
Fi- SR E G VI PAL- FUIT 150~ i PAL S 1TSS Sk
PR -

=]
VIREST T ERHEL 275kD TTRY PAL 53+ EiEL 258 kD - Qﬁq%ﬁ*}j?ﬂ PAL [V
E’LF&;’}Q BUAS /1T 240-360 kD~ 2R A (tetrameric form)’ P
[r PAL 77?5‘ (dimeric form) 1\?7}‘1@“ FElgE ™ s TT‘E[JIZIT-F[ s PAL % EJﬂEI
%ﬁ?iéii—;‘; o TTHY PAL 3F1[ik|5\w7 Bh o }E—EI@TF"I pAEEE > ﬂfjﬁﬁm [i=%
S RS BRI g (S 4 AL e o Fﬁfé@%”f'%ﬁfﬁﬁ?iﬁ’?} S
Tk ekl (5 o TR PAL VISV (subunit) S5 EIPETAS 76 kD =
PSP BT 5 B B < AR B S PAL R
BIV % o (ALAL Y S5 TP R (homotetramen) ¥ AL B4 U7 7
(heterotetramer) E‘J[’Jriﬁl: H ’FPI%

PIBPOEIRDE [ TR PAL VIREST  BIRSEL 290 KD - TR PAL
il
A

t

4457 PAL Bl PETEETES 5]

B2 cDNA s Bec i gL [N A EPMIE PAL 5]
g5 o f 55 BOPAL 1~ BOPAL 2~ BOPAL 3 I BOPAL 4+ ¥/ f[1 BOPALL -
BOPAL2 = BOPAL 4 %% RAJ gﬁ*ﬁfyn ) KT 2,136~2,142 bp VR - ||
BOPAL 3 £} f[m YR Ep 957 bp = o ?HE'J?J\“@'IFE}fiH? (genome walking) 7
24 ZYIME] T BOPALA F”?P*“ [ o FJP X IS NCBI 35 =4
(blastp) » & U M LT FS PAL oﬁ[ﬁf i = = PAL JLEPNV i pRm-3[ee 4
PrEEEEE o AT Rl BT PAL LN o MR T B EpY
BOPAL i3+ 1547k 77kD %Wuz‘%\[ 79K% 5.8~5.9 7 - BOPAL gwd
FITS! PAL {9l i < 3 7 B e T 3ol B g e S AR e R e
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(Ala-Ser-Gly-Asp-Leu) ° PJF?{H?‘\JJ T 38 E PR IS PAL fﬂn’j LUl s L]
[ Rb IR 5T 200 [ PART - Fy BhIsi 1Y Ala-Ser-Gly = ﬁﬁ%f&rw FiE
fY MIO group (4-methylideneimidazole-5-one group) » MIO group f’ H“ ﬁ PAL [#
(= [ERIFOAA1E1= (Poppe et al., 2001) » sFEPTRATI ]I PAL [ {15 [ AVpTk -
HRLH SRR FlIRS R« AR TR AT 85 BOPAL 1~ BOPAL 4
T&?‘iiﬁiﬁfi ARFE R RO POF RS (signal pepetide) - F J%ﬁ?&ﬁqﬁfjiﬁ&}a&tﬂ
B A TV 2B T AR Y BRI o

g &%ﬁ%ﬁ“ﬂ"’l?ﬁﬁlﬁdr@ ' fHE] BOPAL 4 JlN==k iy Aﬁl[ﬂ FES 400 bp
El%ﬂ?irgﬁg» (promoter) 5] - w:&ﬁlﬁ)«igd/ Jiﬁ“[Ll' ' 7 PAL ﬁl[ﬂﬂ ﬂ?sr;ﬁﬂ FITE ﬁi
PV A TER-3] ST R EE P-box ~ A-box L box ° BOPAL4’?7;1*H Y =157 ke PF[
SUE I A- box AR ) £18 A'-box o {7 BOPAL4 ;//f#%gﬂa EesTiralEl
’Fﬁ,[.ﬁj‘ﬁ%m P ST RT #4H] TATA-box h"&ﬂ@ﬂﬁli[ﬁ Y -180 AYF] PRl
ST 219 ST RIS AP [0 IR PRES] cAMP ]"ﬁm?
P TIPS - B BOPAL 4 JLpd A = J/p“ ugm TE] cAMP ﬁlrﬁ[‘ﬁ“ gu%‘
o ,ilﬁgg 250 b.p. [i JE#YF#H [l e é&[ﬁg[%lﬁliﬁi&o R <228 F”
'“L'PF' e P-box > IR 205 n”fF' ¥k A-box T3] - E W PFERY PAL
ﬁl[ﬂ’?ygﬁﬂ fl1> P-box ﬂl A-box F&%‘?%F E&:J@‘ffq_%‘ﬂ PAL FLNAZF I [
(Cis-acting element) » fi'f] ﬁjﬁﬁl SRR ?LIFTJ’E&:J@? F » digh PAL BLNAUAZ
Elo ’?TPI*H 2215 b fF[ %t W-box » ?E&:iﬁfa?&ﬁt fg_ﬂlj FIZk (gibberellin) ?’Eﬁi
fi Jﬁl[ﬂﬂ]ﬁ‘[j]‘ﬁp' Fﬁ% (Zhang et al., 2004) - ’?Tﬁ*ﬂ 222 fib PF[ "% T+ Myb-motif
<131 Myb protein fL=* phenylpropanoid |J“%«f%‘§‘“ ﬁlﬁfjﬁ UHHIER RS ”ES‘E*H FIpY
Myb-motif H-%[[F; EIE‘FI Myb protein Téﬁf ﬁﬁj‘ﬂi PAL fL[HN#F! (Tamagnone et
al., 1998) - ?5‘;154 b f‘F[‘f ﬁj]ﬂ{ﬁﬁj@ﬂ ?E&rﬁﬁ)‘dﬁfﬂ 2004 = LAY
CACTFTPPCA1-site i'f AT T@e?t 371 phosphoenol- pyruvate carboxylase
(ppcAl) FYH J?‘ﬁ‘}ij Fﬁ% ’ES‘;#H -57 b PF[[T; 7+ GATA-box > GATA- box T@ L fpL
i‘%&_ﬁl[ﬂﬁq@ F AV [Hﬁjﬁﬂ[ﬂ% » cauliflower mosaic virus (CaMV) ﬁl[ﬂ?ygﬁﬂ =
¥ GATA-box: i' FLIEIZA" ASF-2 5 f’mﬁ%gw«%'i&ﬂo?ﬁr’rﬁn BOPAL
4 ffgﬁw Bt is 512 GATA-box iV 7 > iFHEI [N E g T A - E i S
RERRIEAN IR » (116 PAL 1 BSEPFSRFORLIS ARSI i
Pt [ %&F YR RIRR o ff;ﬁa 29 pulih 17 7 ABRELATERDI-site
(ABRE-like sequence) » 2004 & Fi-i [ £ f T{HI erdl ELPNF[1 (early responsive
to dehydration, erdl) &l | ABRELATERDI1-site ¥t o erdl ﬁlﬁd!ﬁlijiﬂﬁyﬁ‘ﬁﬁl
:FETI [* (etiolation) 35! - BOPAL 4 ’E%‘E*JQ'T%T} ABRELATERDI-site » fi’ 'FJ‘Z%[IBE’}Tj
F exal AL -

45 IHBRI R B

FHACT {37 PAL VAZERIH 1 PAL Srf VEVR T Y po iB ey - (LA
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PEEHG o Al o I BRUACHRT PAL 1 22 PAL 2 [ - Rl
?Ial’rﬁﬂiﬁJ’FLW?E'WI‘%"%IR—ﬁ

F[E J]%,%ﬁ“fq BamH T = EcoR I “Jibd[+" (fff#= ) :Z25 PCR k™
SIS Ry PAL HRS[fnS S E LT o K] BamH T % EcoR I Ry H )
HITEIAFE pTrcHisA ~ PAL 1 2 PAL 2 M » VTR [~ DNA M F% - f|
SR REEEY DNA A EE ST (I ATUE&?E‘ pTrcHisA [ His-tag S-3[[p™ Y 75y
%%‘E&Fﬁ‘ pTrcHisA/PAL 1 == pTrcHisA/PAL 2 - i< f8UY 2 A < Topl0
Flie .'”Wfiﬁjﬂ@f’%wfgﬁcﬁ P 7 s L B ﬁfﬁ[?’ﬁﬂ’[ﬁﬁﬁgl’ﬁ
o -

AL IRl IPTG 7% ~ {578 22 Fﬂ#ﬁ]‘ﬁi&?ﬁ““ » I R 5'5[‘ :
pTrcHisA/PAL 1/ Topl0 = pTrcHisA/PAL 2/Topl0 [yl %l =7k J{ﬁ&?’ﬁ i
ey 7 37C 0 ') 2 mM IPTG ?’Eﬁ'*ﬁ% 8 Eﬁ A AT E “”‘Jiflli
FVEIAS i BT PAL 1 = PAL2 -

4.6 FF P IV~

R RH PR R IR N R RS S IR AP IR

Uiy I—FJ'Tf[”J”JF[ Y [ Histidine &35 - }{—J?[r”ﬂgllﬁzﬂ B gEImE %H‘p Az AT s

El’?’TE‘ B FRVBIEE T B ﬁyf" , IJF TR imidazole ﬂJﬁﬁE(rfz fl%’?f AR
PR PR BRI -

S VT PAL 1 S PAL2 AT (0 BRAIR L B S i BT

B PSRRI B R R AT AR RIE EA0 (A PAL 2 pUTHST% (809 nkat/mL)

“58% PAL1 PIFE (160 nkat/mL) (970 o [ (R F CPAL L 5985 PAL

2 [ RS BRI R WFEWH L“'l”rrﬁi’ %f PAL 1 E Jﬁfw“

TG o NSRS BT T i 0 S VBT CBR SR R - <

H T F AT PAL ARIRFRY BB ecrifpl [ - #1878 PAL-

[N

A7 R 1V 55 F

FETR =1 Y RIS 51 PAL sk ™ 2147 B (tetramer) 7% %=
2

A RS EL RS 250~330 KD VRS I BT B AAT 63~83 kD IV -
ﬁj‘#ﬂgﬂﬂi ﬁﬂ T?Fr\' 1= [/ PAL %7 o ] ;FE;HJ?B[ | PAL ¥ TR yFEl ] BV
[ﬂ Hi f’ﬁ‘E‘ H:? 7% heterotetramer Fl‘/ homotetramer [IU[§ 7F“ 7o I WFBIH?‘EL#
]"Ef[g %@J‘TT f Jf’z [t PAL pooj—= "&b » HERRTZR PAL 55—+ EI5% 290 kD ~ &%

PAL 7% 275 kD =278y PAL 7% 258 kD » $&jf[[#T PAL LLI'J P47 FEUF“’?‘/ > {E
£ PRI T g BT 5 -
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LV PAL 1= PAL2 I B57 BIAYEL 79 kD » isi™ PAL 1 % PAL
2 cDNA FHtEicl VP > AP SR SR I35 R 76 kD - PAL
cDNA [WERATA & N fii- i 3kD pJEchwﬁg R AR
U EIRS Srf 18T PAL 1 == PAL2 57— Eift§ ﬁk#vg@ulﬁj RIEES I RS
I3 RIS @A TR PAL > f6S 242 KD E 440 kD V[ - F T BRBEIEE (5t
PAL 1 Z* PAL2 (055 Bl > FEFFETH 4 PAL 1 55+ EIF94L 320kD » Jiy PAL2
;}é'ﬁm b 330 kD > RPN R AT ALY AL S 1T PAL 1S

PAL2 | — VRS 7 [ ETDH 7 BP0 SRR A A
4.8 FUEEAGV R ARG S (T

Fi Table 16. iy @ TiZe mo8 PAL ~sfbfil g 1% 50C > 2 T
ﬁé@”% PAL Frdpvds s~ TElE S ST - ’FE‘HTUJ‘”*FW pitats cuﬁ,ﬁ
7]“%5F[ [ 125 (sunflower) ~ S BIFE' (marrow) =7 bkl 2 ?BT} 50C =
f (I E RIS R 35C V2 F PAL - R EEVE S0C ikl PR ﬂjﬂa
PAL iF[[fklﬁél "Bt Ala-Ser-Gly 7 '”F’\[ Jl%l H J3V methylidene-imidazol-one

(MIO) i34 Fllf 1T 3k “*f#ﬁl T i\ﬁi%rﬁfiﬁ‘[‘iﬂ [ o

] Arrehenius TAEZE - SRE e (Ba) > AR EL ¢ RO SR 13.9
kcal/mol » T EL 11.8 keal/mol > TTEfﬂF[] FJ <E% 15.6 keal/mol ’ﬁ’ﬁ SR IE e
PAL V37 {"f= 18.1 keal/mol #fi'T (Sarma et al. 1999) - [fi| U/ T Gt PAL
;'fjﬁleﬁif[l fi- (El-Shora, 2001 : Tanaka et al., 1977) » §Jfi*fj= F oy iy 1 2
[~k T IAREVE ™ FIEFDF%}#L PAL iF[[ft A RLIF - [m |$E,5f[ﬂt LR U
IHE‘/ S VET YRR 5\2[!:7[\*1; SR o

H e PAL [I'fjis 2 S0°C % ikt PIFUR R R 50T~ 60C
70°C T IFRENE S50 Il T [l R FJ%‘E&@U 37°C M 30 sief > fefilEs
PAL EpEpud B I 53 PAL ﬁq% AL 50°C  60CHE - [ 3 PAL
Yp[*é“— RERYE - foll'] 70°C 2RSS STETY T iR PAL iﬁ‘l‘%* [E% =
50% - T PAL 7 50C ¥ 60°C HiZEl- ”ﬁﬁiﬁﬁﬂfﬂtﬁl‘ P T PAL ; i hL
FJ70°C piyliszel 5 o3 SiER )il TR PAL if[lﬂk E[F[ 5 30% o TrHi T
# PAL #03 50C A1 60°C H{ElV & ’W?HI?@I ST > PAL Bt
RSIEFEAL = EIEUE'LE‘ 70C kit ﬁ'“’fl’El W PAL 5 TR [ o — 4
ﬁIJF‘ s PR ET R s 7@,? IH%E » =PRI 80C B> jzﬁl.d [% PAL 3“[5&,
A TR [Fﬂ%ﬁ RS o

I F Mff 0% I i (Fgure 27) [Efqé e 7 s - ,s e
60°C STF I I - iF TR LRl VY SOT ETED 40% » AR
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37c BETERNA TR sl ™~ e S0°C 3“[*4\1%{' THRET 70% - 5

(> Bk Figure 250 VAK{N o [SIEEVE 60°C FEIIEEE 37°C A
3ﬁ'l\§ » AR ETN 60% o [ﬂlﬁ%ﬂw PAL BEJREW i&[ikﬁq ’ IEEEIJ{'E‘II‘_/T ﬁlp
e -

FIEEL TR 5500 SErp S R 8 Km i > PAL £ gﬂg@fw » g
Fl ﬁj,J:{E;I d5A@EL T phenylalanine ¥ J[[fi* - ‘¢TUT1/ TR PAL [V Km {fli £
550 uM > TREEE 476 uM > SERELETRIAIAET ; TRy PAL 7 Km ffitE 328 uM >
P 1 RS Km0 Km (p S PRI ¢ > s
%g% ?&’r’r'g{jg[[gfj PAL %" phe EIU%J%[I‘JJJ\EG"T'TQ?'T&‘%HIEIU PAL > ﬁlj T
PAL ¥} phe HIFI]u sk o [ T bl /i b T B TR ] 0 Kme i T3 /T RSy
LNAEE

TEE PP PAL B WS EAEPAS PAL Y Km ffizskl 500 uM > =
¢FE|%T1’ FEAET 5 [ TTEY PAL V. Km [’ﬁl%i}&@ 328 M+ BE{E[Y Km fifi foAS
ﬁl@?ﬁj}‘—[l* Al o TR PAL D K AR S RS S R

ZORERHT Km ffif G 11 A1 S5 uM o SghLNEL PAL SSLEREE 15l
[_f_ﬁ (positive cooperativity) F"TIH’?‘/

& EET Cat s Mg?" ST PAL 3 EETGIREG 1 ¢ TR P> T
Mn?* #1 Co*" % &TT’?SF?[D*?[V‘ ﬂjﬁrﬁl%g S Hg™ fi SIS R “a I'l Ustilago
maydis PAL (Kim, 1996) £5f] > Co®" I Hg®" ¢ [ BT ] - | Ca’" ¥ G
TV EIRIEHG  [IEVRITRLR 78 PAL (77 P .; TR '/T‘HFHFF“%\* P PAL
o TR PAL BT 0 RYEE lﬁf‘cz’lﬂﬁj RS T invitro PR BT
EA5HEN > 7 invivo f&?\[%% B RLi }%:’r—?]‘gfj o

P 79 FSERLMBATRIEAY o (008 P55 PAL X %57 % [UASHTIER ) -
- AP AR T T PRI (] < R A Y PAL 5T A
q‘*dﬁfj}‘]]ﬁfu%ﬁ//fﬂ U (L) ’é&‘h‘fﬂ"‘ #ﬂﬁﬂ%‘%} o I'] trans-cinnamic acid ﬁ'J—F: il

WIS > (RL TRLCUHRE > BUNFIf=RL 100 uM IR =35 PAL % =

FIXNEN > e AR Asgo 78 [ E E, (% PAL 5 fEHIE 3 - )
trans-cinnamic acid fjﬁyﬁ,j [ S il o £ U‘EJQHQHIFF} RE o pr AR R
C-phenylalanine JJ]¢: PAL iﬁ‘l‘iﬁ ) :“:Ejjidifl F'JHug trans-cinnamic acid &
A [EkE- 7 in vivo ‘[‘ﬁil&ﬂ » trans-cinnamic acid ﬁ?iﬁﬁi}i[l[piﬁﬁﬁﬂﬁjﬁi%ﬁ‘ e
JUpR “.}@fm?g '] PAL = C4H rﬁ%ﬁ‘y?ﬂﬁ?ﬁ ) fél, trans-cinnamic acid & %
% Tffj Y CAH {R3E5Y p-coumaric acid » [N[F=trans- cinnamic acid . & P[!
RTINS AP L R -

EI[¢F i HREIH A PAL [’ﬁFI Eﬁ serine ~ tyrosine ~ histidine residues fL{E ™
Eﬁ Fif 4, 3=,J/ Wk =y F'J ad ] (Kim, 1998; El-Shora, 2001) = {19t

g

56



V- W

cysteine residue ¥ {Xafi¥%F PAL iflli%é%g%ﬁ e =Y WTVEJ?P ﬁ’[ ?‘F',H', carboxyl

group (El-Shora, 2001) %} PAL ifl (e =N *“Jﬁ":*%ﬁ@ > PAL ?ﬁ (NN

Ala-Ser-Gly 71 (1 5! F i [fi2 7V MIO » 27 ijjt S5F 1 (GFP) 3530 FUREAf
’ %lﬂiﬁé*ﬁ‘jﬁﬁ%?]&»gﬁ@% °

4.9 F P

U = AR = oF SR AR RAEPY PAL FESK IR S ) TAL 17
[ e t,,7(¢%1@ CHE o K BRI BRI (A PAL vg;r@rﬁf
= N R FE VRN TSR B o AT PAL AT [ SERR 1 B L) T
HIE] TAL imfk’ [Ei— EPHSRLETE A PAL fOA 1~ &5 (2] TAL A
Ak f_EﬁE I PAL FLN o I 712 E) PAL ?FIIEEJ/J\J%%W%[ (E. coli) f[i1%
o 5[ AZFV PAL S IET MHT;L 5% PAL ¥ TAL iﬁ‘l‘% G (i
AT PAL JLAYS1F) TAL J51% ¢

[i&_fﬁj:ﬁigl I—F o TRERRL TR TR TR Ty Y Jﬁﬂf‘ﬂv[ » TR PR Eﬂj R
LR [T IRV SBR[ A R
i e 74;5?7% (R | E rﬁg o VRN P pLB F[\JJI/:M , [MIV—*P VARE NG
PAL e 1TTEAEVHG ZRORGEAG N~ GO PAL NIy ~ Sef 1TTE %~ A pARCT (™
N2tk i e H‘%ﬁ]‘ PAL 7 TRARRE D & RIS

ARV 2R E S A AR RS (R0 1995) ?ﬁ’*é”%ﬁﬂfﬁ&@

RS uw NG| (VRIS b AR - i

H@fﬁﬂ R IHRE| % 736 1 lwmm&r@ SV (e
TSR - 5 A AR S PAL IS
d/ﬁ‘%%ﬁm“:i" ST invivo JRE PR IB ] NS PAL
W

PAL RLPESE 1o FIF =140 25eP#a Y PAL B[ ¢ %3] N-linked [
B ISEO L IRV~ iR glycopeptidase F (N-Glycosidase F; Peptide
N- glycosidase; PNGase F; EC 3.5.1.52, Sigma G-5166) %iFf! éﬂaq\%}ﬁﬁ‘[’ N-linked [P
BT IEEmO0 R AR AR BT RO BT BIpRR T T
# N-linked JiEEL{~ ]'?‘éﬂif’?]ﬁ PAL [ 1755 &L VP » b9t EIE) O-linked
glycosidase ' -

RS PAL ALY U B~ T PR+ R g TR 4
¥, TR H] QTOF PR 1T - @lgﬂﬂ? (“To PAL M| L
BV SR VI BTSRRI SRR~ £ SRR~ e B PAL

g?

57



V- W

S VITS AR TR R BRI St [

grff?sfﬁﬂ—’ T FUNEE e H <V cis-acting elements » &/ ?ﬁfﬁiﬂ“[‘;ﬂ?{zﬁ“
P-box %p A-box * cAMP ﬁl[ﬁkl}gftnjﬁ USEHI R PF' ) %’pd EI% = E‘[ﬂ JEL Wﬁ”fﬁu]"eam
EJ%J/ W-box > = phenylpropanoid |*E§«j“%§7ﬁlﬁfgpj Myb-motif - [RLEEFL [N R
HY GATA- box '] W FE[-1E f“%l%?ﬁiﬂ/ ABRELATERDI1-site 7 e
Y 250 bp ?ilrgwg'q»ﬂrlu Gl Fﬁypﬁuﬁ [ Fj:j/ﬁ,@g&{ﬂq SR b fF[ i s
(53l 1pY PAL ﬁiﬁdﬂ?&@ﬁﬁﬁﬁfﬁﬂ ’ %ﬂé}{ijﬁ - %ﬁﬁ’iﬂﬁ Cis-acting elements ==
L L =S I 7 N S f"l?%’ﬁ:ﬂ‘ °

FHERE IS PALL S PAL2 f§  ASEA - B R AR
FALEA RO PTOLKIFFEEAT [ T BISETT Y PAL TS PAL2
Es e LU ﬂ\iﬂliﬁﬁiﬁﬁsi%&%ﬂ& PAL =505 PAL (5 & [“EETESk tH 4]0 »
A S 18T PALZEHATRIfE PAL 7 JAENTI T 87,7 I % PAL Ay
F’?ﬁjiﬁq I/i{lF = ,#g;%{ IJ I/TJI”,IM;,\ RN fl 3 ifﬁﬁﬁfm’ﬂﬁ:{ [T?'rﬁlx 7JP[F[J¢$
s iR AR 0 e f,m PAL FUFSRBETIE (B
s PRI Wfi[ﬂ °

1

S5 EEHYR

Alibert, G., Ranjeva, R. and Boudet, A. (1972) Studies on enzymes catalyzing phenolic acids
formation in Quercus penduculata (Ehrh.). II. Intracellular location of phenylalanine
ammonia-lyase, cinnamate 4-hydroxylase and "benzoate synthase". Biochim Biophys Acta
279, 282-288.

Allwood, E. G, Davies, D. R., Gerrish, C. and Bolwell, G. P. (2002) Regulation of CDPKs,
including identification of PAL kinase, in biotically stressed cells of French bean. Plant
Mol Biol. 49, 533-44.

Allwood, E. G., Davies, D. R., Gerrish, C., Ellis, B. E. and Bolwell, G. P. (1999)
Phosphorylation of phenylalanine ammonia-lyase: evidence for a novel protein kinase and
identification of the phosphorylated residue. FEBS Lett. 457, 47-52.

Alunni, S., Cipiciani, A., Fioroni, G. and Ottavi, L. (2003) Mechanisms of inhibition of
phenylalanine ammonia-lyase by phenol inhibitors and phenol/glycine synergistic
inhibitors. Arch Biochem Biophys. 412, 170-5.

Amrita, K. and Brian, E. Ellis (2001) The Phenylalanine Ammonia-Lyase Gene Family in
Raspberry. Structure, Expression, and Evolution Plant Physiology 127, 230-239.

Appert, C., Logemann, E., Hahlbrock, K., Schmid, J. and Amrhein, N. (1994) Structural and
catalytic properties of the four phenylalanine ammonia-lyase isozymes from parsley
(Petroselinum crispum Nym.). Eur J Biochem 225, 491-499.

Appert, C., Zon, J. and Amrhein, N. (2003) Kinetic analysis of the inhibition of phenylalanine

ammonia-lyase by 2-aminoindan-2-phosphonic acid and other phenylalanine analogues.

58



57 i
Phytochemistry. 62, 415-22.

Attridge, T. H., Stewart, G. R. and Smith, H. (1971) End-product inhibition of Pisum phenyl-
alanine ammonia-lyase by the Pisum flavonoids. FEBSLett. 17, 84-86.

Baedeker, M. and Schulz, G. E. (1999) Overexpression of a designed 2.2 kb gene of
eukaryotic phenylalanine ammonia-lyase in Escherichia coli. FEBS Lett 457, 57-60.

Bate, N. J., Orr, J., Ni, W., Meromi, A., Nadler-Hassar, T., Doerner, P. W., Dixon, R. A.,
Lamb, C. J. and Elkind, Y. (1994) Quantitative relationship between phenylalanine
ammonia-lyase levels and phenylpropanoid accumulation in transgenic tobacco identifies a
rate-deter- mining step in natural product synthesis. Proc. Natl. Acad. Sci. USA. 91, 7608-
7612.

Benfey, P.N. and Chua, N. H. (1990) The cauliflower mosaic virus 35S promoter:

combinatorial regulation of transcription in plants. Science. 250, 959-966.

Benoit, M. A., D'Aprano, G. and Lacroix, M. (2000) Effect of gamma-irradiation on phenyl-
alanine ammonia-lyase activity, total phenolic content, and respiration of mushrooms
(Agaricus bisporus). J Agric Food Chem 48, 6312-6.

Bevan, M. and Northcote, D. H. (1979) The loss of morphogenetic potential and induction of
phenylalanine ammonia-lyase in suspension cultures of Phaseolus vulgaris. J Cell Sci 39,
339-353.

Blount, J. W., Korth, K. L., Masoud, S. A., Rasmussen, S., Lamb, C. J. and Dixon, R. A.
(2000). Altering Expression of cinnamic acid 4-hydroxylase in transgenic plants provides
evidence for a feedback loop at the entry point into the phenylpropanoid pathway. Plant
Physiol. 122, 107-116.

Bolwell, G. P. (1992) A role for phosphorylation in the down regulation of phenylalanine
ammonia-lyase in suspension cultured cells of French bean. Phytochemistry. 31, 4081-6.
Bolwell, G. P. (1999) Role of active oxygen species and NO in plant defence responses. Curr.

Opin. Plant Biol. 2, 287-294.

Bolwell, G. P., Bell, J. N., Cramer, C. L., Schuch, W., Lamb, C. J. and Dixon, R. A. (1985)
L-phenylalanine ammonia-lyase from Phaseolus vulgaris: characterization and differential
induction of multiple forms from elictor-treated suspension cultures. Eur J Biochem 149,
411-419.

Bolwell, G. P., Cramer, C. L., Lamb, C. J., Schuch, W. and Dixon, R. A. (1986) L-Phenyl-
alanine ammonia-lyase from Phaseolus vulgaris. Modulation of the levels of active enzyme
by trans- cinnamic acid. Planta 169, 97-107.

Bradford, M. M. (1976) A rapid and sensitive method for the quantiation of microgram
quantities of protein utilizing the principle of protein-dye binding. Anal Biochem 72, 248-
254.

Buchanan, B. B., Cruissem, W. and Jones, R. L., (2001) Biochemistry &Molecular Biology of
Plant, Chapter 24.

Chaman, M. E., Copaja, S. V. and Argandona, V. H. (2003) Relationships between salicylic
acid content, phenylalanine ammonia-lyase (PAL) activity, and resistance of barley to
aphid infestation. J Agric Food Chem. 51, 2227-31.

Chang, W. C. (1991) Bamboo, In:Bajaj, Y.P.S. (ed.). Biotechonology in Agriculture and
Forestry, Vol 16, Tree III. P.221-237. Springe Verlag, Berlin.

Chang, W. C. (1994) Somatic embryogenesis of Bambusa oldhami, Bambusa beecheyana and
Snocalamus latiflora. In: Jain, S. Gupta, P. and Nowton, R. (eds.). Somatic Embryogenesis
in Woods Plants. P. 53-65. Kluver Academic Publisher, Nertherland.

59



V- W

Cheng, S. H, Sheen, J., Gerrish, C. and Bolwell, G. P. (2001) Molecular identification of
phenylalanine ammonia-lyase as a substrate of a specific constitutively active Arabidopsis
CDPK expressed in maize protoplasts. FEBS Lett. 503, 185-188.

Cramer, C. L., Edwards, K., Dron, M., Liang, X., Dildine, S. L., Bolwell, G. P., Dixon, R. A.,
Lamb, C. J. and Schuch, W. (1989) Phenylalanine ammonia-lyase gene organization and
structure. Plant Mol. Biol. 12, 367-383.

Czichi, U. and Kindl, H. (1975) Formation of p-coumaric acid and 0-coumaric acid from
L-phenylalanine by microsomal membrane fractions from potato: Evidence of membrane-
bound enzyme complexes. Planta 125, 115-125.

Czichi, U. and Kindl, H. (1977) Phenylalanine ammonia-lyase and cinnamic acid hydroxy-
lases as assembled consecutive enzymes on microsomal membranes of cucumber
cotyledons: Cooperation and subcellular distribution. Planta 134, 133-143.

Deikman, J. and Hammer, P. E. (1995) Induction of anthocyanin accumulation by cytokinins
in Arabidopsisthaliana. Plant Physiol. 108, 47-57.

Dieguez, M. J., Belloto, M., Afsar, K., Mittelsten Scheid, O. and Paszkowski, J. (1997)
Methylation of cytosines in nonconventional methylation acceptor sites can contribute to
reduced gene expression. Mol Gen Genet. 253, 581-588.

Dixon, R. A. and Paiva, N. L. (1995) Stress-induced phenylpropanoid metabolism. Plant Cell
7, 1085-1097.

Dixon, R. A., Browne, T. and Ward, M. (1980) Modulation of L-phenylalanine ammonia-
lyase by pathway intermediates in cell suspension cultures of dwarf French bean
(Phaseolus vulgarisL.). Planta 150, 279-285.

Dunn, D. C., Duncan, L. W. and Romeo, J. T. (1998) Changes in arginine, PAL activity, and
nematode behavior in salinity-stressed citrus. Phytochemistry 49, 413-7.

Edwards, K., Cramer, C. L., Bolwell, G. P., Dixon, R. A., Schuch, W. and Lamb, C. J. (1985)
Rapid transient induction of phenylalanine ammonia-lyase mRNA in elicitor-treated bean
cells. Proc. Natl. Acad. Sci. USA 82, 6731-6735.

Elkind, Y., Edwards, R., Mavandad, M., Hedrick, S. A., Ribak, O., Dixon, R. A. and Lamb, C.
J. (1990) Abnormal plant development and downregulation of phenylpropanoid bio-
synthesis in transgenic tobacco containing a heterologous phenylalanine ammonia-lyase
gene. Proc. Natl. Acad. Sci. USA 87, 9057-9061.

El-Shora, H. M. (2002) Properties of phenylalanine ammonia-lyase from marrow cotyledons.
Plant Sci. 162, 1-7.

Emes, A. V. and Vining, L. C. (1970) Partial purification and properties of L-phenylalanine
ammonia-lyase from Streptomyces verticillatus. Can J Biochem. 48, 613-22.

Facchini, P. J., Huber-Allanach, K. L. and Tari, L.W. (2000) Plant aromatic L-amino acid
decarboxylases: evolution, biochemistry, regulation, and metabolic engineering applications.
Phytochemistry 54, 121-138.

Flavell, R.B. (1994) Inactivation of gene expression in plants as a consequence of specific
sequence duplication. Proc. Natl. Acad. Sci. USA 91, 3490-3496.

Fukasawa-Akada, T., Kung, S. and Watson, J. C. (1996) Phenylalanine ammonia- lyase gene
structure, expression, and evolution in Nicotiana. Plant Mol. Biol. 30:711-722.

Gidoni, D., Brosio, P., Bond-Nutter, D., Bedbrook, J. and Dunsmuir, P. (1989) Novel

cis-acting elements in Petunia Cab gene promoters. Mol Gen Genet. 215, 337-44.

60



V- W

Gilmartin, P. M., Sarokin, L., Memelink, J. and Chua, N. H. (1990) Molecular light switches
for plant genes. Plant Cell. 2, 369-378.

Given, N. K., Venis, M. A. and Grierson, D. (1988) Purification and properties of
phenylalanine ammonia lyase from strawberry fruit and its synthesis during ripening. J
Plant Physiol. 133, 31-37.

Gloge, A., Langer, B., Poppe, L. and Rétey, J. (1998) The behavior of substrate analogues and
secondary deuterium isotope effects in the phenylalanine ammonia-lyase reaction. Arch
Biochem Biophys 359, 1-7.

Gloge, A., Zon, J., Kovari, A., Poppe, L. and Rétey, J. (2000) Phenylalanine ammonia-lyase:
the use of its broad substrate specificity for mechanistic investigations and biocatalysis-
synthesis of L-arylalanines. Chemistry 6, 3386-90.

Gray-Mitsumune, M., Molitor, E., Cukovic, D., Carlson, J. E. and Douglas, C. J. (1999)
Developmentally regulated patterns of expression directed by poplar PAL promoters in
transgenic tobacco and poplar. Plant Mol Biol 39, 657-669.

Habibi-Moini, S. and D'mello, A. P. (2001) Evaluation of possible reasons for the low phenyl-
alanine ammonia-lyase activity in cellulose nitrate membrane microcapsules. Int J Pharm
215, 185-96

Hahlbrock, K. and Scheel, D. (1989) Physiology and molecular biology of phenylpropanoid
metabolism. Annu Rev Plant Physiol Plant Mol Biol 40, 347-369.

Hanson, K. R. and Havir, E. A. (1970) L-phenylalanine ammonia-lyase. IV. Evidence that the
prosthetic group contains dehydroalanyl residue and mechanism of action. Arch Biochem
Biophys 141, 1-17.

Hanson, K. R. and Havir, E. A. (1972) in ‘The Enzyme’, 3. Ed. (Boyer, P.D., Ed.) 7, 75-166.

Hao, Z., Charles, D. J., Yu, L. and Simon, J. E. (1996) Purification and characterization of
phenylalanine ammonia-lyase from Ocimum basilicum. Phytochemistry 43, 735-739.

Hatton, D., Smith, C. and Bevan, M. (1996) Tissue-specific expression of the PAL3 promoter
requires the interaction of two conserved Cis sequences. Plant Mol Biol. 31, 393-7.

Hattori, T., Nishiyawa, A. and Shimada, M. (1999) Induction of L-phenylalanine ammonia-
lyase and suppression of veratryl alcohol biosynthesis by exogenously added L-phenyl-
alanine in white-rot fungus Phanerochaete chrysosporium. FEMS Lett. 179, 305-309.

Havir, E. A. (1979) L-Phenylalanine ammonia-lyase. Binding of polysaccharide by the
enzyme from maize. Plant Sci Lett 16, 297-304.

Havir, E. A., Reid, P. D. and Marsh, H. V. Jr (1971) L-phenylalanine ammonia-lyase (maize).
Plant Physiol 48, 130-136.

Herrmann, K. M. (1995) The shikimate pathway as an entry to aromatic secondary
metabolism. Plant Physiol. 107, 7-12.

Herrmann, K. M. and Weaver, L. M. (1999) The shikimate pathway. Annu. Rev. Plant Physiol.
Plant Mol. Bial. 50, 473-503.

Hisaminato, H., Murata, M. and Homma, S. (2001) Relationship between the enzymatic
browning and phenylalanine ammonia-lyase activity of cut lettuce, and the prevention of
browning by inhibitors of polyphenol biosynthesis. Biosci Biotechnol Biochem 65,
1016-21.

Howles, P. A., Sewalt, V. J. H., Paiva, N. L., Elkind, Y., Bate, N. J., Lamb, C. J. and Dixon,
R. A. (1996) Overexpression of L-phenylalanine ammonia-lyase in transgenic tobacco
plants reveals control points for flux into phenylpropanoid biosynthesis. Plant Physiol. 112,
1617-1624.

61



V- W

Jangaard, N. O. (1974) The characterization of phenylalanine ammonia-lyase from several
plant species. Phytochemustry 13, 1765-1768.

Jiménez, C. R., Huang, L., Qie, Y. and Burlingame, A. L. (1998) In-gel digestion of proteins
for MALDI-MS fingerprint mapping. Current Proptocolsin Protein Science 16.4.1-16.4.5.

Jingzhong, L., Hua, X., Wei, H., Zhangling, Z., Jin, Z. and Qingyuan, L. (1999) Cloning and
expression of phenylalanine ammonia-lyase cDNA in Escherichia coli. Chin J Biotechnol
14, 227-32.

Jones, D. H. (1984) Phenylalanine ammonia-lyase: Regulation of its induction, and its role in
plant development. Phytochemistry 23, 1349-1359.

Jones, D. H. and Northcote, D. H. (1984) Stability of the complex formed between French
bean (Phaseolus vulgaris) phenylalanine ammonia-lyase and its transition-state analog.
Arch. Biochem. Biophys. 235, 167-177.

Jorrin, J., Lopez-Valbuena, R. and Tena, M. (1988) Purification and properties of
phenylalanine ammonia lyase from sunflower (Helianthus annuus L) Biochim Biophys.
Acta. 964, 73-82

José C. R., Muro-Pastor, M. 1. and Francisco J. F. (2004) The GATA Family of Transcription

Factors in Arabidopsis and Rice. Plant Physiol. 134, 1718-32.

Kalghatgi, K. K. and Subba-Rao, P. V. (1975) Microbial L-phenylalanine ammonia-lyase.
Purification, subunit structure and kinetic properties of the enzyme from Rhizoctonia solani.
Biochem J. 149, 65-75.

Kato, H., Wada, M., Muraya, K., Malik, K., Shiraishi, T., Ichinose, Y. and Yamada, T. (1995)
Characterization of nuclear factors for the elicitor-mediated activation of the promoter of
the pea phenylalanine ammonia-lyase gene 1. Plant Physiol 108, 129-139.

Kato, M., Hayakawa, Y., Hyodo, H., Ikoma, Y. and Yano, M. (2000) Wound-induced ethylene
synthesis and expression and formation of 1-aminocyclopropane-1-carboxylate (ACC) syn-
thase, ACC oxidase, phenylalanine ammonia-lyase, and peroxidase in wounded mesocarp
tissue of Cucurbita maxima. Plant Cell Physiol 41, 440-7.

Kawamata, S., Shimoharai, K., Imura, Y., Ozaki, M., Ichinose, Y., Shiraishi, T., Kunoh, H.
and Yamada, T. (1997) Temporal and spatial pattern of expression of the pea phenylalanine
ammonia-lyase genel promoter in transgenic tobacco. Plant Cell Physiol 38, 792-803.

Kawaoka, A., Kaothien, P., Yoshida, K., Endo, S., Yamada, K. and Ebinuma, H. (2000)
Functional analysis of tobacco LIM protein Ntlim1 involved in lignin biosynthesis. Plant J
22,289-301.

Kenichi, H, Yoshihiro, U., Masao, I. and Tomoko, K. (1999) Plant cis-acting regulatory DNA
elements (PLACE) database. Nucleic Acids Res. 27, 297-300.

Kim, S. H., Kronstad, J. W. and Ellis, B. E. (1996) Purification and characterization of
phenylalanine ammonia-lyase from Ustilago maydis. Phytochemistry 43, 351-357.

Kim, S. H., Kronstad, J. W. and Ellis, B. E. (2001) Induction of phenylalanine ammonia-lyase
activity by tryptophan in Ustilago maydis. Phytochemistry. 58, 849-57.

Kim, S.H., Virmani, D., Wake, K., MacDonald, K., Kronstad, W. and Ellis, B. E. (2001)
Cloning and disruption of phenylalanine ammonia-lyase gene from Ustilago maydis. Curr.
Genet. 40, 40-48.

Koukol, J. and Conn, E. E. (1961) The metabolism of aromatic compounds in higher plants.
IV. Purification and properties of phenylalanine deaminase of Hordeum vulgare. J Biol
Chem 236, 1692-2698.

62



V- W

Kristensen, D. B., Imamura, K., Miyamoto, Y. and Yoshizato, K. (2000) Mass spectrometric
approaches for the characterization of proteins on a hybrid quadruple time-of-flight
(Q-TOF) mass spectrometer. Electrophoresis 21, 430- 439.

Kubasek, W. L., Shirley, B. W., Mckillop, A., Goodman, H. M. and Briggs, W. (1992)
Regulation of Flavonoid Biosynthetic Genes in Germinating Arabidopsis Seedlings. Plant
Cell 4, 1229-1236.

Kumar, A. and Ellis, B. E. (2001) The phenylalanine ammonia-lyase gene family in raspberry.
Structure, expression, and evolution. Plant Physiol. 127, 230-9.

Kyndt, J. A., Meyer, T. E., Cusanovich, M. A. and Van Beeumen, J. J. (2002)
Characterization of bacterial tyrosine ammonia lyase, a biosynthetic enzyme for the
photoactive yellow protein. FEBS Lett 512, 240-244.

Lam, E. and Chua, N. H. (1989) ASF-2: a factor that binds to the cauliflower mosaic virus

35S promoter and a conserved GATA motif in Cab promoters. Plant Cell. 1, 1147-56.

Lamb, C. J. and Dixon, R. A. (1997) The oxidative burst in plant disease resistance. Annu Rev
Plant Physiol Plant Mol Biol. 48, 251-279.

Langer, B., Langer, M. and Rétey, J. (2001) Methylidene-imidazole-one (MIO) from histidine
and phenylalanine ammonia lyase. In Advances in Protein Chemistry, vol 58, 175-214.
Edited by Klinman, J.P. and Dove, J.E., New York: Academic Press.

Langer, B., Rother, D. and Rétey, J. (1997) Identification of essential amino acids in
phenylalanine ammonia-lyase by site-directed mutagenesis. Biochemistry 36, 10867-71.

Langer, M., Reck, G., Reed, J. and Rétey, J. (1994) Identification of serine-143 as the most
likely precursor of dehydroalanine in the active site of histidine ammonia-lyase. A study of
the overexpressed enzyme by site-directed mutagenesis. Biochemistry. 33, 6462-7.

Lawton, M. A. and Lamb, C. J. (1987) Transcriptional activation of plant defense genes by
fungal elicitor, wounding, and infection. Mol Cell Biol. 1987 Jan;7(1):335-41.

Lee, P. D. and Su, J. C. (1970) Cytokinin activity of bamboo shoot soluble RNA. J. Chinese
Agr. Chem. Soc., Sp. Iss, 54-64.

Lee, S. W., Robb, J. and Nazar, R. N. (1992) Truncated phenylalanine ammonia-lyase
expression in tomato (Lycopersicon esculentum). J Biol Chem 267, 11824- 11830.

Levee, V. and Seguin, A. (2001) Inducible expression of the heterologous PAL2 promoter
from bean in white pine (Pinus strobus) transgenic cells. Tree Physiol. 21, 665-72.

Lewandowicz, A., Jemielity, J., Kanska, M., Zon, J. and Paneth, P. (1999) Tritium secondary
kinetic isotope effect on phenylalanine ammonia-lyase-catalyzed reaction. Arch Biochem
Biophys 370, 216-21.

Leyva, A., Jarillo, J. A., Salinas, J. and Martinez-Zapater, J. M. (1995) Low temperature
induces the accumulation of phenylalanine ammonia-lyase and chalcone synthase mRNAs
of Arabidopsisthaliana in a light-dependent manner. Plant Physiol. 108, 39-46.

Liang, X. W., Dron, M., Cramer, C. L., Dixon, R. A. and Lamb, C. J. (1989) Differential
regulation of phenylalanine ammonia-lyase genes during plant development and by
environmental cues. J Biol Chem. 264, 14486-92.

Lim, H. W., Park, S. S. and Lim, C. J. (1997) Purification and properties of phenylalanine
ammonia-lyase from leaf mustard. Mol Cells 7, 715-20.

Lim, H. W,, Sa, J. H,, Park, S. S. and Lim, C. J. (1998) A second form of phenylalanine
ammonia-lyase from leaf mustard. Mol Cells 8, 343-9.

63



V- W

Loake, G. J., Choudhary, A. D., Harrison, M. J., Mavandad, M., Lamb, C. J. and Dixon, R. A.
(1991) Phenylpropanoid pathway intermediates regulate transient expression of a chalcone
synthase gene promoter. Plant Cell. 3, 829-40.

Logemann, E., Parniske, M. and Hahlbrock, K. (1995) Modes of expression and common
structural features of the complete phenylalanine ammonia-lyase gene family in parsley.
Proc Natl Acad Sci USA 92, 5905-5909.

Lois, R., Dietrich, A., Hahlbrock, K. and Schulz, W. (1989) A phenylalanine ammonia-lyase
gene from parsley: structure, regulation and identification of elicitor and light responsive
cis-acting elements. EMBO J. 8, 1641-8.

Mabher, E. A., Bate, N. J., Ni, W., Elkind, Y., Dixon, R. A. and Lamb, C. J. (1994) Increased
disease susceptibility pf transgenic tobacco plants with suppressed levels of preformed
phenylpropanoid products. Proc. Natl. Acad. Sci. USA 91, 7802-7806.

Matsumoto, S., Kiriiwa, Y. and Takeda, Y. (2002) Differentiation of Japanese green tea
cultivars as revealed by RFLP analysis of phenylalanine ammonia-lyase DNA Theor Appl
Genet 104, 998-1002.

McKegney G. R., Butland, S.L., Theilmann, D. and Ellis, B. E. (1996) Expression of poplar
phenylalanine ammonia-lyase in insect cell culture. Phytochemistry 41, 1259- 1263.

Meyer, P. (1996) Homology dependent gene silencing in plants. Annu. Rev. Plant Physiol.
Plant Mol. Biol. 47, 23-48.

Mishra, K. K. and Handa, A. K. (1998) Post-transcriptional silencing of pectin methylesterase
gene in transgenic tomato fruits from impaired pre-mRNA processing. Plant J. 14, 583-
592.

Nagai, N., Kitauchi, F., Okamoto, K., Kanda, T., Shimosaka, M. and Okazaki, M. (1994) A
transient increase of phenylalanine ammonia-lyase transcript in kinetin-treated tobacco
callus. Biosci Biotechnol Biochem 58, 558-559.

Nagai, N., Kitauchi, F., Shimosaka, M. and Okazaki, M. (1994) Cloning and sequencing of a
full length cDNA coding for phenylalanine ammonia-lyase from tobacco cell culture. Plant
Physiol. 104, 1091-1092.

Nagai, N., Kojima, Y., Shimosaka, M. and Okazaki, M. (1988) Purification and properties of
phenylalanine ammonia lyase from tobacco (Nicotiana tabacum). Agric. Biol. Chem. 52,
2617-9.

Nehls, U., Ecke, M. and Hampp, R. (1999) Sugar- and nitrogen-dependent regulation of an
Amanita muscaria phenylalanine ammonium lyase gene. J Bacteriol 181, 1931-3.

Neish, A. C. (1961) Formation of m- and p-coumaric acids by enzymatic desamination of the
corresponding isomers of tyrosine. Phytochemistry 41, 1259- 1263.

Nugroho, L. H., Verberne, M. C. and Verpoorte, R. (2002) Activities of enzymes involved in
the phenylpropanoid pathway in constitutively salicylic acid-producing tobacco plants.
Plant Physiol. Biochem. 40, 755-760.

Ohl, S., Hedrick, S. A., Chory, J. and Lamb, C. J. (1990) Functional properties of a phenyl-
alanine ammonia-lyase promoter from Arabidopsis. Plant Cell 2, 837-848.

O'Neal, D. and Keller, C. J. (1970) Partial purification and some properties of phenylalanine
ammonia-lyase of tobacco (Nicotiana tabacum). Phytochemistry 9, 1373-1383.

Orr, J. D., Edwards, R. and Dixon, R, A. (1993) Stress Responses in Alfalfa (Medicago sativa
L.) (XIV. Changes in the Levels of Phenylpropanoid Pathway Intermediates in Relation to

Regulation of L-Phenylalanine Ammonia-Lyase in Elicitor-Treated Cell-Suspension
Cultures). Plant Physiol. 101, 847-856.

64



V- W

Oufedjikh, H., Mahrouz, M., Amiot, M. J. and Lacroix, M. (2000) Effect of gamma-
irradiation on phenolic compounds and phenylalanine ammonia-lyase activity during
storage in relation to peel injury from peel of Citrus clementina hort. Ex. tanaka. J Agric
Food Chem 48, 559-65.

Ozeki, Y. and Takeda, J. (1994) Regulation of phenylalanine ammonia-lyase genes in carrot
suspension cultured cells. Plant Cell Tissue Organ Culture 38, 221-225.

Ozeki, Y., Chikagawa, Y., Kimura, S., Soh, H. C., Maeda, K., Pornsiriwong, W., Kato, M.,
Akimoto, H., Oyanagi, M., Fukuda, T., Koda, T., Itoh, Y., Yamada, A., Davies, E., Ueno, H.
and Takeda, J. (2003) Putative cis-elements in the promoter region of the carrot
phenylalanine ammonia-lyase gene induced during anthocyanin synthesis. J Plant Res. 116,
155-9.

Ozeki, Y., Matsui, K., Sakuta, M., Matsuoka, M., Ohashi, Y., Kano-Murakami, Y., Yama-
moto, N. and Tanaka, Y. (1990) Differential regulation of phenylalanine ammonia-lyase
genes during anthocyanin synthesis and by transfer effect in carrot cell suspension cultures.
Physiol Plant 80, 379-387.

Pellegrini, L., Rohfritsch, O., Fritig, B. and Legrand, M. (1994) Phenylalanine ammonia-lyase
in tobacco. Plant Physiol. 106, 877-886.

Poppe, L. (2001) Methylidene-imidazolone: a novel electrophile for substrate activation. Curr
Opinin ChemBiol 5, 512-524.

Prutpongse, P. and Gavinlertvatana, P. (1992) In vitro micropropagation of 54 species from 15
genera of bamboo. HortScience. 27, 453-455.

Rasmussen, S. and Dixon, R. A. (1999) Transgene-mediated and elicitor-induced perturbation
of metabolic channeling at the entry point into the phenylpropanoid pathway. Plant Cell 11,
1537-1552.

Reddy, J. T., Korth, K. L., Wesley, S. V., Howles, P. A., Rasmussen, S., Lamb, C. and Dixon,
R. A. (2001) Post-transcriptional regulation of phenylalanine ammonia-lyase expression in
tobacco following recovery from gene silencing. J. Biol Chem 381, 655-65.

Rees, D. G. and Jones, D. H. (1997) Activity of L-phenylalanine ammonia-lyase in organic
solvents. Biochim Biophys Acta 1338, 121-6.

Retéy, J. (2003) Discovery and role of methylidene imidazolone, a highly electrophilic
prosthetic group. Biochim Biophys Acta. 1647, 179-84.

Ro, D. K. and Douglas, C. J. (2004) Reconstitution of the entry point of plant phenyl-
propanoid metabolism in yeast (Saccharomyces cerevisiae): implications for control of
metabolic flux into the phenylpropanoid pathway. J Biol Chem. 279, 2600-7.

Ro, D. K., Mah, N., Ellis, B. E. and Douglas, C. J. (2001). Functional characterization and
subcellular localization of poplar (Populus trichocarpa x Populus deltoides) cinnamate 4-
hydroxylase. Plant Physiol. 126, 317-329.

Rosler, J., Krekel, F., Amrhein, N. and Schmid, J. (1997) Maize phenylalanine ammonia-lyase
has tyrosine ammonia-lyase activity. Plant Physiol 113, 175-9.

Rother, D., Poppe, L., Morlock, G., Viergutz, S. amd Retey, J. (2002) An active site homology
model of phenylalanine ammonia-lyase from Petroselinum crispum. Eur J Biochem. 269,
3065-75.

65



V- W

Sablowski, R. W., Moyano, E., Culianez-Macia, F. A., Schuch, W., Martin, C. and Bevan, M.
(1994) A flower-specific Myb protein activates transcription of phenylpropanoid

biosynthetic genes. EMBO J. 13, 128-37.

Sanchez-Ballesta, M. T., Zacarias, L., Granell, A. and Lafuente, M. T. (2000) Accumulation of
PAL transcript and PAL activity as affected by heat-conditioning and low-temperature
storage and its relation to chilling sensitivity in mandarin fruits. J Agric Food Chem 48,
2726-31.

Sarma, A. D. and Sharma, R. (1999) Purification and characterization of UV-B induced
phenylalanine ammonia-lyase from rice seeding. Phytochemistry 50, 729- 737.

Sarma, A. D., Sreelakshmi, Y. and Sharma, R. (1998) Differential expression and properties of
phenylalanine ammonia-lyase isoforms in tomato leaves. Phytochemistry 49, 2233-2243.
Schulz, W., Eiben, H-G. and Hahlbrock, K. (1989) Expression in Escherichia coli of
catalytically active phenylalanine ammonia-lyase from parsley. FEBS Lett 258, 335-338.
Schuster, B. and Rétry, J. (1995) The mechanism of action of phenylalanine ammonia-lyase:

the role of prosthetic dehydroalanine. Proc Natl Acad Sci USA 92, 8433-8437.

Schwede, T. F., Rétey, J. and Schulz, G. E. (1999) Crystal structure of histidine ammonia-
lyase revealing a novel polypeptide modification as the catalytic electrophile. Biochemistry.
38, 5355-61.

Sean, D. S., Kazuo, N., Yoshihiro, N., Motoaki, S., Kazuo, Shinozaki and Kazuko Y. S. (2003)

Two different novel cis-acting elements of erdl, a clpA homologous Arabidopsis gene
function in induction by dehydration stress and dark-induced senescence. Plant J. 33,
259-70.

Seguin, A., Laible, G, Leyva, A., Dixon, R. A. and Lamb, C. J. (1997) Characterization of a
gene encoding a DNA-binding protein that interacts in vitro with vascular specific CiS
elements of the phenylalanine ammonia-lyase promoter. Plant Mol Biol 35, 281-91.

Seki, H., Nagasugi, Y., Ichinose, Y., Shiraishi, T. and Yamada, T. (1999) Changes in in vivo
DNA-protein interactions in pea phenylalanine ammonia-lyase and chalcone synthase gene
promoter induced by fungal signal molecules. Plant Cell Physiol 40, 88-95.

Sewalt, V. J. H., Ni, W., Blount, J. W., Jung, H. G., Masoud, S. A., Howles, P. A., Lamb, C. J.
and Dixon, R. A. (1997) Reduced lignin content and altered lignin composition in trans-
genic tobacco down-regulated in expression of L-phenylalanine ammonia-lyase or cinna-
mate 4-hydroxylase. Plant Physiol. 115, 41-50.

Shaw, N. M., Bolwell, G. P. and Smith, C. (1990) Wound-induced phenylalanine ammonia-
lyase by L-phenylalanine ammonia-lyase in potato (Solanum tuberosum) tuber discs.
Biochem J 267, 163-170.

Singh, S., Lewis, N. G. and Towers, G. H. (1998) Nitrogen recycling during phenylpropanoid
metabolism in sweet potato tubers. J Plant Physiol. 153, 316-23.

Skolaut, A. and Retéy, J. (2001) 1,4-Dihydro-l-phenylalanine-its synthesis and behavior in the
phenylalanine ammonia-lyase reaction. Arch Biochem Biophys. 393, 187-91.

Su, J.C. (1965) Carbohydrate metabolism in the shoots of bamboo Leleba oldhami. I preli-
minary survy of soluble saccharides and sucrose-degrading enzyme. Bot. Bull. Acad. Snica.
6, 153-159.

Subramaniam, R., Reinold, S., Molitor, E. K. and Douglas, C. J. (1993) Structure, inheritance,
and expression of hybrid poplar (Populus trichocarpaxPopulus deltoides) phenylalanine
ammonia-lyase genes. Plant Physiol 102, 71-83

66



57 i

Sung, H. Y., Yuan, H. F. and Su, J. C. (1971) Carbohydrate metabolism in the shoots of
bamboo Leleba oldhami. IX Some properties of the pentosan synthesizing syatem. J. Chin.
Agric. Chem. Soc. Sp Iss, 62-73.

Takeda, J., Ozeki, Y. and Yoshida, K. (1997) Action spectrum for induction of promoter
activity of phenylalanine ammonia-lyase gene by UV in carrot suspension cells. Photochem
Photobiol 66, 464-70.

Tamagnone, L., Merida, A., Parr, A., Mackay, S., Culianez-Macia, F. A., Roberts, K.
and Martin, C. (1998) The AmMYB308 and AmMYB330 transcription factors from
antirrhinum regulate phenylpropanoid and lignin biosynthesis in transgenic tobacco. Plant
Cell. 10, 135-154.

Tanaka, Y. and Uritani, 1. (1977) Purification and properties of phenylalanine ammonia-lyase
in cut injured sweet potato. J. Biochem 81, 963-970.

Teakle, G. R., Manfield, I. W., Graham, J. F. and Gilmartin, P. M. (2002) Arabidopsis thaliana
GATA factors: organisation, expression and DNA-binding characteristics. Plant Mol Bial.
50, 43-57.

Terauchi, R. and Kahl, G. (2000) Rapid isolation of promoter sequences by TAIL-PCR: the
5'-flanking regions of Pal and Pgi genes from yams (Dioscorea). Mol Gen Genet 263,
554-60.

Udo, G, Janet, B., Meryem, A., Ute, S., Maria, K., Monika, S. and Peter W. (2004)
cis-Regulatory Elements for Mesophyll-Specific Gene Expression in the C4 Plant Flaveria
trinervia, the Promoter of the C, Phosphoenolpyruvate Carboxylase Gene. The Plant Cell.

16, 1077-1090.

Wanner, L.A., Li, G., Ware, D., Somssich, .LE. and Davis, K.R. (1995) The phenylalanine
ammonia- lyase gene family in Arabidopsisthaliana. Plant Mol. Biol. 27, 327-338.

Yamada, T., Tanaka, Y., Sriprasertsak, P., Kato, H., Hashimoto, T. and Oku, H. (1992) Phenyl-
alanine ammonia-lyase genes from Pisum sativum: structure, organ-specific expression and
regulation by fungal elicitor and supressor. Plant Cell Physiol 33, 715-725.

Yazaki, K., Kataoka, M., Honda, G., Severin, K. and Heide, L. (1997) cDNA cloning and gene
expression of phenylalanine ammonia-lyase in Lithospermum erythrorhizon. Biosci
Biotechnol Biochem 61, 1995-2003.

Young, M.R., Towers, GH.N. and Neish, A.C. (1966) Taxonmic distribution of ammonia-
lyases for L-phenylalanine and L-tyrosine in relation to lignification. Can J Bot 44, 341-9.

Zhu, Q., Dabi, T., Beeche, A., Yamamoto, R., Lawton, M. A. and Lamb, C. J. (1995) Cloning
and properties of a rice gene encoding phenylalanine ammonia-lyase. Plant Mol Biol. 29,
535-50.

Zhu, Q., Maria, 1. O., Tsegaye, D., Roger, N. B. and Lamb, C. (2002) Rice TATA Binding

Protein Interacts Functionally with Transcription Factor IIB and the RF2a bZIP Trans-
criptional Activator in an Enhanced Plant in Vitro Transcription System. Plant Cell. 14,
795— 803.

Zon, J., Amrhein, N. and Gancarz, R. Inhibitors of phenylalanine ammonia-lyase: 1-amino-
benzylphosphonic acids substituted in the benzene ring. Phytochemistry. 59, 9-21.

([FERIZE (1995) A=t et Vataghi g - it gt » B (S SRS gt

FREHIRL (1998) FYRIRAT 72 R SR B GAT  BFT fe V pie « liE ﬁﬁ B S

67



ST # A
'3573121“)-'?
l] [

P (1985) F;EJ—%%F AN N g Ll@aaﬁ’ré[“ Tﬁi ‘rvu it 1 ﬂﬁk%ﬁgﬁl
EﬁﬁJIZI“F’?
IAE (2004) “PAA SRR RIS T Y g
ﬁi%ﬁ{ﬂ:#ﬁfﬁiil %W“F’?
AR (2003) ARTTH SR [ TR BRI,V [ SA o i ﬁﬁ » i ’F,‘[ AN
¥ [
AR (2003) RATHTR T SRR & (PO < i Y PR

PR

68



