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" FL 48 B 4% 64 BF B4 - 88548 5 8% (a-keto acid dehydrogenase complex )
€45 | R ERBL F 8884 4 24 (pyruvate dehydrogenase complex, PDC ) - &9
7% B R 88548 6 48 (a-ketoglutarate dehydrogenase complex, a-KGDC) &
18] 4% 87 &% 3 88844 4 42 (branched chain a-keto acid dehydrogenase
complexes, BCKADC)¥ =48 - phiaB Z AWK E S TR AR E
4 acetyl-CoA ~ CO, & NADH -

BRI 8L I SBBAE B R R AR A P9 0 B R b BRI BR & & BB (a-Keto acid
dehydrogenase, E|) ~ — & &5 ¥ 8% &% Jk ¥ % 85(dihydrolipoamide
acetyltransferase, E,) & = & &7 ¥ 8 % 5,8%(dihydrolipoamide dehydrogenase,
E)# =8 Rl aamE a8 BITEEFXBILRE -

Pl =SB E T B, R L SEBESBO LR AR AU E
Ei8tZ B M A2 BB LOMESBNENEXIBE -
RE AR ERF LD FEREEZNAL G2 BB T T HEERE
EXRHREHEL -

BAEAEERBPLERNEL  MULATROTMRE O AHE E,
R EMS  AARE RBHEFEENRE - AHTEEL KE8E
AR EERE(SDMPCR)H % E, ey R & & % (KS4E ; SK-KS) » it 41
NFRAR BEHAL - BN FAD SRR R F YRR B E 4
¥ Fo o fE P &9 Bl & -

»F &8 & (molecular sieving) B R =B ZEGE W » T8 AKMEE A
#4 % 100kDa; 5 2 REAH T o B85 AR % €4 (homodimer)
MY o B &8 L % (enzyme kinetic analysis)#) 4 X 88~ E; & SK-KS
B ROFE A H R B N % H 6 B & R B (ping pong mechanism) © & & & 8%
# FAD 4-&tb E; : SK-KS : KS4E % 100:82:90 - &g g e ey bt
(specific activity)tt E; : SK-KS : KS4E 2 100:46: 1.7 « & 547
(fluorescence analysis)&# 4 R 8-~ E; 8 FAD €4 — S ¥ 8 & S 858 R
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Structure and Function Studies

of Human Dihydrolipoamide Dehydrogenase (E,)

Abstract
by
Kun-Che Tsai

Mammalian a-keto acid dehydrogenase complexes includes pyruvate
dehydrogenase complex (PDC), a-ketoglutarate dehydrogenase («KGDC),
branched chain a-keto acid dehydrogenase complexes (BCKADC). These
enzyme complexes catalyze the oxidative decarboxylatibn of a-keto acid with
the formation of acyl-CoA, CO, and NADH. The a-keto acid dehydrogenase
complexes are found in the mitochondria. Each enzyme complex is composed
of three catalytic components: a-keto acid dehydogenase (E)),
dihydrolipoamide acyltransferase (E,) and dihydrolipoaimide dehydrogenase
(E,). El and E, show substrates specificity and Ej; is the common component
for all a-keto acid dehydrogenase complexes. In case of E, deficiency, it will
affect all a-keto acid dehydrogenase complexes.

Since E; plays an important role in the energy metabolism. The approach
of this study is characterizing the electron transferring pathway of E; by using
site-directed mutagenesis (SDM).

To investigate the role of lysine-54 of human dihydrolipoamide
dehydrogenase (E;) in the formation of intermediate during electrons transfer,
two mutaﬁt human Ess, S53K54-K53554 (SK-KS) and K54E, were
overexpressed, purified and characterized. Molecular sieving analysis showed
that each proteins (E;, SK-KS, K54E) was dimer with the molecular weight
approximately to 100 kDa. The results of kinetic analysis show the E; and ES-
KS following two substrates’ ping pong mechanism. The relative FAD content

of the enzymes is E; : SK -KS : K54E =100 : 82 : 90. The relative specific
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activity of the enzymes is E; : SK -KS : KS4E =100 : 46 : 1.7. The
fluorescence analysis show that E;” FAD can be reduced by DHL and then
formed FADH. SK-KS mutant’s FADH reoxidation is significantly slowly
than the wild type E; and K54E mutant’s FAD is extremely could not be
reduced by DHL. The FADH will be oxidized by NAD" with the NADH
formation. At this stage, the mutant proteins (SK-KS and K54E) are
significantly slowly than the wild type E;. The data showed that the number
54th amino acid (K54) of E; cDNA maybe participate in the enzyme’s active

center and specifically significantly corresponding for enzyme’s activity.
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AD:
BCKADC:

CoA:
DHL:
DHLA:
DNA:

Scheme of Abbreviation
asparagusate dehydrogenase
branched-chain a-keto acid dehydrogenase
complex

coenzyme A

dihydrolipoamide

dihydrolipoic acid

deoxyribonucleic acid

a-keto acid dehydrogenase
dihdroliopamide acyltransferase
dihydrolipoamide dehydrogenase
flavin adenine dinucleotide

fast protein liquid chromatography
glycine cleavage system

glutathion reductase

bis- y-glutamylcystine reductase
isopropyl-B-D-thiogalactoside

ion reductase

o-keto acid dehydrogenase complex
lysine 54 —®glutamate

nicotiamide adenine dinucleotide
polymerase chain reacton

pyruvate dehydrogenase complex
plasmid of Qiagen expression system
site-directed mutagenesis

serine 53 lysine 54 —® lysine 53 serine 54
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N
(—) = & &5 ¥ 8 % R85(dihydrolipoamide dehydrogemase; E;) :
HMWE, 4R % - BT TEMAE 1939 F Straub & B o sbib h — 5%
& 49 % & 4 (flavoprotein) > 3%k & %4 48 AR 2448 H 8 (FADVE 2
#4 # (prosthetic group) » # 2R F & - THERLTEETRFEREOH
i B P B v o2 4 4% B (NADH) B1L 76 A3 i BB AR AR v o4 HE 0 3
(NAD); B ¢t Straub #42% % & & 4 % & diaphorase 3%, #% % conzyme factor °
3% % Massey (1958)48 3R b2 £ 48 AL E R B e BEAEAR "2 o 4% H S
(NADH) & » 3 4% & T 1% & £ 55 ¥ 8 (lipoic acid) » MM FEBER K = &
%% 3 8 (dihydrolipoic acid) » B iy fF sb B & & # 4 % & 5 F 88 % §.85(lipoyl
dehydrogenase) °
Massy(1960)i& — 35 45 3,55 F 8 & S5 o-8R Kk —BL B8 & 88845 4

&% (o-ketoglutarate dehydrogenase complex, KGDC)#& 48 i 4-F 2 — - KGDC
o F R0 B 5 B B RALIRA R — & T R 0 B
36 & 8 3 (succinyl group)# #% £ CoASH # s 28 82 B X CoA(succinyl

CoA) & B) B i Ak BEAR B R of B A0 H BB R AR B R A8 e R B AR AR 2 0%
A H BE(NADH) o B M5 4057 3 82 & 8BS A R DL T 9 ALE R %
— fERFEE AL > AR T lipoamide #o NADH (£ R, 26 & » KB 1) ° %
BT B EN G LA THEAMRMAIBE, » sb— L AREp
AES -

(=) "Zob 4% H 4 57 R 4038 B B % 4% B2 % (pyridine nucleotide disulfide
oxidoreductase family) :

— SER B RER A B N CE e AR AL R R B(pyridine
ucleotide disufide oxidoreductase) R #8 # 2 — ; & —HREE THHMRE
e A 7E ME#R B (active base) ~ & M4 A K (active disulfide)fv 5 F B Lo 4
H BE(FAD)# A - a7 £ E FHEXHNAD 5 NADPH#®LE
F R (BEER A H, dithiol substrate) % [ 478 -F 691 -

Williams % A(1967) % 42 i : E; ~ glutathione reductase (GR)#v

1



thioredoxin reductase (TR) ¥ &8 Z a9 M I R & & A5 % B A Z ek L a9 45 A
T EEFEGERERA  F RS SRR P AR B AR AR
o of 4 43 3 B (NAD") 254 5 35 i BB B % o4 4 42 3 88 (NADP") « gk o »
Rl B W oRob#h i A AL R REG R R a0 B &

redustase (MR) ~ trypanothione reductase (TTR) ~ bis-y-glutamylcystine

£1,3% A : mercuric ion

reductase (GSR)#v asaparagusate dehydrogenase (AD) % & % -

E. ok Etaadk - BHER AT F AR ELHEEE T UL
T2 @ R

dihydrolipoamide + NAD" B lipoamide + NADH + H*

WIEEEE 8 /1 L R8T B, 894 2 8 REB N E E M4 (ping pong
mechanism; Massey, 1960) o sbE A A% 2 o df — G Lo s 2450 -
RBHFBEBFR ) HENREER-T ST RBRB LR - R
| BAARHER AR AL B - AR ERE T 0 F R
LB HBRAKERRBERERTER-FLEHH BFADH) £33 R
R FRCRr L H B (FADH) A EHM AL R FIR-Z2 S H 8
(FAD) » ##HE § FE BRI Z- S H BE(NAD) A £ BB &
AR ERACREE A A H BB (NADH) « (£ 8,27 B » B 2) -

(=.)EA 8% & &85+ A 82 (o-keto acid dehydrogenase complexes) :
AR &% & & B85 4 82 (o-keto acid dehydrogenase complexes) &, 4% 7 &)
&% + #5848 4 8% (pyruvate dehydrogenase complex) -~ &R /% B &k & 8,564 4
&% (o-ketoglutarate dehydrogenase complex) & 18] 4 &7 8% + & 8548 4528
(branched chain o -keto acid dehydrogenase complex) % = # 48 6-35 °
BRI A% & £.8840 588 £ L 42 82 (mitochondria) i » & o B &% & &.8&(a-
keto acid dehydrogenase, E,) ~ = & &} ¥ Bk &% & $3 £ 65 (dihydrolipoamide
acyltransferase, E,) & — & &7 ¥ & % & 8%(dihydrolipoamide dehydrogenase,
B4 =85 RS2 hplrmam sl SRR TRIEATRE
(Guest et al., 1989):
a-keto acid + CoA + NAD" «— CO, + acyl CoA + NADH + H”
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Wiz SN oI RELR 26 BXME 1 E FA8Ibegt o RE S R
TR SRR ERER R IE X 1R T Ak CO, BB AR Eahi B BBy 7, &
(hydroxyethyl-TPP); E, & E, £ E R LA B B B B0 L A 888 20
E, b 2 B} ¥ 8% - 7 s & 85 (thioester) < E, 4% &7 &5 2 #& T Sk (hydroxyethyl group)
##% 2 CoA ¥t acyl CoA B B R A& &9 = &5 ¥ B4 (dihydrolipoamide) - E,
HEREY _SMFRABE A 0 EFRE ST EFRTLEH Y 8 (FAD)
38 7% 5 N B BR AR AR "R o0 A H BE(NADY) & 4 BB A& a9 N bR BRAR B v ol 42
4 8 (NADH) -

BEf 2 BB e R T E W E, BER T & M By R RAAA BB L
£ B4 A58 64 3£ ) 48 AR 2R 5 (Reed et al,, 1974; Yeaman et al., 1986) o

XHE A LABF AR EARMNEE I # PDC o KGDC 48 &
%&?E&ﬁ%%@ﬁ&%ﬁ%ﬁz%%@%mmadJ%@;é%m‘
o8 R 2By A5 24 B 48 T Rl 85 9#32 PDC ~ KGDC A& BCKAD
(Clarkson et al., 1991) ; E; Z cDNA 78 % B —#&(Pons et al., 1987,
Otulakowski et al., 1987) « st4h B, 494 B 2 % % —## A (single copy) » {ir
W E R 8,45 F (Otulakwski et al., 1988) »
Otualkowski & Pons(1 988) H AL EALEE, 2 cDNA #B A5 o

# cDNA Z A 3% #E 22 (open reading frame) 4t 1527 {8 &k % #F (base pair) °
#& ¥ (translated) sk, 509 EAR A BL 697K - £ N3 g — &5 35 EAR At
64 7% A T B i AR 50 B2 69 48 W 7 B (leader sequence) © R #v8 B, B
474 BAE ke 0 - FEH A S0kDa E;cDNA & 3' A EE
(untranlated region) B A & 18 & B 4% # 1t 25 (polyadenylation sites) » &
# > P48 3E 234 Bk R ¥ @8 ¥4 1% (alternative splicing) & AR 4%
# fb(polyadenylation)Z 1% » £ & RFELR B K& mRNA » K& 55 &
22kb B 24Kkb -

(w9) E; &2 14 849 J£ AR ( syndromes of E; deficiency) ©
= f% AR B - 85848 584 (a-keto acid dehydrogenase complexes; PDC,
oaKGDC, BCKDO)&- &8 A A F & E, ~ E, » {24 E; A1 48R » ARL % E,

-
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ARG BBk QAR M TN e X BB E - E;srz ey
s RE AR @45 FLBE o B8 JE (lactic acidosis) ~ ## & 5 AL éﬁ‘?}(neurologicél
dysfunction) ~ . 7 A% Ik B IR B 38 o BFRR F A AR BR IR JE 38 o o

b E R R EXE A RN > HialE N RE A
3o 0 B Esmfn E N NADH / NAD b33 5 7% - A58 5] &) 55 &R B 48 3,
B% % B (lactate dehydrogenase)i® B s JLER 12 FEM 2 iR B3R B3
BRPHAESE LI - EEEXALRN AR ABEENEZRAR
5 A AACRSE » B B, $Rs 4 3] AL 0 BABE & 660 ALA A AR R £
SUERER TG o EAF B AN 4 SR AT AR 8L 3R (citric acid cycle)E M A » AEF 4t
FERE » AEAF S S0 AK 3 B BE 2% &) (2 38k 4o A5 #5 (brain stem)fu J & A9 48 87
(basal ganglia) M AE E R R R EHEMEHHEE(E R 29 8 » HE
3) -

b sh 7 PDC ~ KGDC & BCKAD 5 A% 2 B85 X o A5 & X 3% L4
FEEAE  MMAEERE: QBB SR a o R FAABER
3¢ fha BRI F A AR BRIR 3 5 493 % (Kunara et al,, 1983) - £ BCKAD
G E R A 0 HAOR ) BR & Fo B ok S48 4E JE (maple syrup) @ B pbf§ %
W AE 5 FkJE (maple syrup urine disease) °

Esfr T REFIBL X BB M a2 TRHEREEMAL
(glycine cleavage system, GCS) ¥ &4 L-protein(Bourguignon et al., 1992)

» GCS &[4 & 8 8 % H Bz 8% & (hyperglycinemia; Hiraga et al., 1981)
o CA_L AR Y R By BRIA AR K 0 A2 3 S BE R SR ik
mAB B BEAR » B TR R A # % B 0B F 0T 4 AL A 635 B, &1

FEIJE ©

(7)) s #clam At B B3RS

Haworth % A 1976 & R4 E; 8t fam Bl e - AHRE PRI E
=4 A(C. M, G.M.ED. M) » £+ &4(G. M A D. M) fn 5 B BS %
#4 % (cerebrospinal fluid, CSF) ¥ &4 £% A% 8% (glutamate) ~ B A% &% (proline) ~ &
P (alanine) 8 & LA BB T HEAMAE RBREEARSHRL -G
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M. B D.M. f AfEfiR 89 A BRI 8E R BR R BRBEIE A LA g ohiam
SA AR D M. B Ay B BR B 3 8BS R o-BR R BB S & BUEG Y TE MR AR o

Blass (1977)% A&u4% di 42 E; 81898 A 69 48 45 % i (fibroblast) & 2%
BHE & 885 Roo-BR R BREL & RBRM B R E A E 05 B o sbE A £ B, 4k
FadE e Bl 3RS AR 435 & o 2 Taylor (1978) % A& LB & B, th e &
MR ET B, 65 o Otulakowski (1985)% AE i — 41 @ & 5 .2 4
#i (western blot analysis) 7547 & A &4 4§ 4B fa B R 5B E; 8218 - sL50 Liu
(1993) % A F 42 B, 82722 % 69 E; cDNA LB B RES R > Ld—@mx
S$RBAERG BREEGE LE 37T ERARE Lys (K)% & Glu (E)
(EyK37E) > 7 —BRERAZ G CEAT eaEZaq LF 453 EARAR
& Pro (P)4 s Leu (L)(E;:P453L) «

(X)) X-5F 4 L B AR 6 o4 -

BB 5] 3R 3 R 2 4084 R €57 % (Hakjung Kim and Patel, 1991; Nancy and
Williams, 1995)% AR RE e RB FLBO NS > £nP LR £y
WBAbshbe > HABEBEF S FREMEAUSH o T !

(1) i B AR AR "2 ob 8 4% 3 BE 45 422 (NAD binding site) sy — &% .
Rossmann #Fv Branden (1975) % AL 32 A4 d BR A AR °Z b 25 4% 3 85 5
#,58(NADH dehydrogenase ; 4]40: malate dehydrogenase, lactate
dehydeogenase, liver alcohol dehydrogenase, glycerol-3-phosphate
dehydrogenase) gy #1605 > 3,38 4b & QAR MY N R BEACAR 22 A0 H BE &5
AR AR IR AR o BB 4 A ERAL A& S AR T AT 89 B-F 4R (B-sheets; BA, BB,
BC, BD, BE, BF) & w3 {8 o.-#% 3% (a-helices; aB, aC, oF, oF ; &, 30 B » M
B)FA AR, o 1245 BT AR Ao - BB 8 B A B AR B4 N 3k 3] C 3% 952 BA -
aB ~ BB~ aC ~ BC ~ twist ~ BD ~ aE ~ BE ~ oF APF o #endhAtag Sk 4
M 8 A B B-TAR 6 C iR K B foo- 3R 48 49 N 3 IR 8L - BA ~ BB ~
BC ~ aB FooC & B¢ 4% H % 4 8% (adenine nucleotide monophosphate, AMP)
oy 45440 > @PBD ~ oF ~ BF ~ oF FooF %366 864% 8 4% # (nicotinamide

5



mononucleotide)#y & &3 fir » M A7 AEMPA FoBE 2 Ml ey 4B 4 B & B Bk
88 (pyrophosphate) & 4 &-3F 3 -

(2) By 2 % F AR Z o4 4 4% H 8% 4 5-3R4i(FAD binding site) :

#& &g Azotobacrer vinelandii(Mattevi et al., 1991) ~ Pseudomonas putida
(Mattevi et al., 1992) & Pseudomonas Fluoresence(Mattevi et al., 1993) = &
Biked B, XSt B A& oM 3 B m B R0 sk 4 &
A E—FHTH I E MR EREALEMTREST M LEEH
B+ Ak 3B R B (glutathione reductase) L E, A& 3L &% Fr 7)) 69 4534 AL E) G M &9 bh
#(Schulz et al, 1983) » & MARFE LM H B REGH — B TR E R T
A$8 E; o) F g is i fE(Jentoft et al, 1992) - E; ) F @R EHHEE 5 R
1B R ] 9 & 3 (domain) : & FAR"% o4 44 H BE 4 4 & 33X (FAD binding
domain) ~ A &R ERALAR °F o4 4 M H B8 4 4 & IR (INAD binding domain) ~
¥ & & 3% (central domain) ~ #: A% & 2 (interface domain) (&, 31 B ME 5) -
B BB LS BE R FRCEe M H 84 43 (FAD binding site) ~ #
R B AR BR P E o R A% BR 45 AR (NAD binding site) ~ &5 3 8% 45 43R 43
(lipoamide binding site) » E; 4~-F #7& 4k F s (active center) & E; ) § 4588
(homodimer » 42,31 ~32 B » ME 5~ 6) L& LIt Rlar - &
+ — 18 £ g% (monomer)#) & E IR0 H B4 B B3k ~ e EEARAR -2
LA H B A GRG0 RE AR B 0L P — B R a0 A B Y B 0 AR
AR Eed s  —ERBAALRTEGEERAEF RHEZLT o 508
EAL T SE SR F EARCR S AL H B S ~ AR BRI AR i i
BE 4B RAL ~ BRF B A A L F AT RIERE -

FEREAER BGOSR T IR B LERTRES T
BRI B R ER(LR32 383 E MB67) £2HFERE
b MEAL H BE K A S AR A BE S E 8 (R 34 B) Ao AR ARARAR R4
i H B4 430 F FED-ABC PR R 8 & 7 FIR-Z2 4T BRE S
4x A — 18 D-ABC it kg o B8 FATR G AR @@ B3 &
HERBAL YT SR E AREFRFLEMHEBLESLSEE 0 alC
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e AWE AR oll Fo alll 3848 » mEHERA LT Eoll B2 3T - i
A8 G17 ~ K37~ T44 ~ 1121 B G149 fu e P-strain ¢4 A b > iBbfn g
B 9Lk RARCRor AL H BE X Mr BARAS © WM ARAEE E36 ~ T44 ~ fv K54
L3 EARCR oS A W BERIARIEAY o 1 By X AR ERARARZ A H B A
& 3% 0 B BE V188 » E192 Fo R280 pA{al4d o35 F AR S ob 4 45 3 B 44T -
i B, 2 385 & > AR R 8% H4A52 1X X 4#(main chain)fo & F AR 2 oh 4 4 i B
A o

(3 ) E; 2 A s BRAZ AR "% o4 # 4% H BE 4 5-3F 2 (NAD binding site) :

E, A BR AR IR R L M MBS BB R EREL LTSS
Eﬁ&ﬁ%LJFBM%WE -AB B %%&ﬂ/ﬁkziﬁﬁ 2 8 (Rossmann fold) o %
A B AR o o AN B 45 434 0 PR R B R AN AR AR MR R AR AR P T ob
¥ %t BESCERBMEBE - ARBIRIR-ES L BRAPR A EAS
B AR Be w2 ob 8 4 3 R 45 A & BU(NAD binding domain)4: A5 » 3 4b 4 A & 1K
~ i A ag % A G187 ~ V188 ~ E208 ~ K232 ~ V243 ~ R280 ~ M327 ¢4
BR E#Frdarg, o sbsh » NAD' 78 Fo i A5 Bk (interface domain) 2 A% 2k 8% 7%,
7% Q373 AR £ % RA SR ERAR IR 22 M H BB S B IR AR A A E208

B R280 tfrlse#A8( R 35 & ME 9) -

Q

ﬂ

(4) E3 &4 751 P o (active center)
B P A TE bR A o TEM A RS A - A
m%%ﬁw%ﬁ%&&:@ﬁ%&ﬁ@ﬁ T ER TS B
HEAHEB > AR LS T BESER - PR EEES(E
B,32 B ME S) e & ek AT A A sk HAS2 Fo BAST W4 B4 AR AR -
HA452 zokok N3 BIMAL AR — 8 FBREF | HETFHRBERE - 4 C45 Fo
C50 2 MBS AER - B4 thio-disulfide 2 P #344% » 4@ Az A
B CSO {223 H M2 H s B—FBEETHRET I -Zooas
o 81 2 RIS R H A - AN T TR F AR Y
B AR i% EARERACIR S 2 MM H BEE R € A B ARSEE  ARATAE R &
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B K54 9L B192 1 R 2 8 T 4 » 8478 ER-2 o0 i B fo N BB ARG
vZ oA 7 T B 2 B BT ey R -

(B)E, R EGZHE -

BATHR A R B RY Fh2 RY & G5 K 45 HA52Q & E457Q
(Kim, 1992) » S RE RS R EHE TEEHEHERL  EBFEN S
BIEBEF E 690.1% Fv 6% sboh o K E; 8l thm AR E P bkl
BB R G EE > P — B A PAS3 > ik g% PAS3L 84 2 (Liy, 1993) »
REBEBEEA ST ERZLEMEBSEFRRTO% , mEEE 5L
% E; L&A 2R 0.05 % CRE R ZEH) o B sbif B P45S3 7T 45 L f17E
MR AL RAR T EREAER TR EGERAES - F—EEE
BAENKITME SR K3TES KR - RE# a2t
(dimerization)sg M B L K e & » B ZF AL UR T ERAHL A GF4L S =
B ERoD o BT BT A Bt E M4 548 30 % (Liu, 1993) « B
JR K37 THAREER-2AEEERAEG T HNLES -

Kazuko(1994)% A3 A 4k Bt AK 3% & 88 (glutathion reductase) &y K53
(A8 % 7 AR B3 2 KSR EM-Eo 445 ¥ 84 flavin N5 & NADPH
&) pyridinium C4" ¢ 42 EE 2 /9 - 38 KS3 TRHEETFEENASL -
LA 26 % 4 5 (SDM PCR)#4 E. coli # K53 (A8 % # A4 B, #) KS4)% 8 &
KS53R » 443, KS3R # 8k s JE % &R > B & CD spectrum 3 8] % KS3R
LRERFERDLERE RO 2EEEREN A FRT BEL
F-2-2f 2L EH4 B X 54 o

(XN\) BB &

E; aR#HBRTHEREZNALE  CLATEHA BE  MmARL
B4R RABA—BERERGER - & NMR 8 BHRETA B B P
S E R AL B AR R AR A H B X P B 4
Bl WETFERRAHE R TRTAEN T BT RSN R T
R HE MARZBERTFRFLENT AL SE MR EAL
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% ¥ B4 (intermediate)i$ & F A B A& & £ A% % o5 4 4% 3 & (FADH)
f?ﬁé SR ERAZAR R M H B 0 MY AR R R AR AN AR A AR v Z o0 4 iy
# 85 (NADH) -

AERABAPIARLE SR FT P AR EBRABLATE
FARR 6y TAF - SABRARE AR A H ﬁﬁfﬁiff\éﬁfﬁﬁﬂﬁcﬁri PN F R
Pl EFIRRIBAE - B TR ARBRLIRT FEE  PNEAKA LD
REEFRERELER T RLELERT AR FIR-B LS LT UH
B AR RSB R B R ) 1F 2 M) B ¥ B ¥k(mutated clone)fg >
AERELSILZTEE BRE G E L HEFH 1 £ (enzyme kinetic study)
R % % R HE 5-#7(Flourescence analysis)R 2 H B 75 M ey 984t » 35 033
GRBRABRT LHETHRE -

AEHREEN Lys54 (KS4)#iT 2 B8R % > £ % KS4E & SK-KS &
HESMEH EFK4 BTEBRE AN A K54 iF FR-Ze 4%
HE &SGRl il » BARBKRECELTHRESERY
glutamic acid 192 ( E192 )T # & 8 T H# (R B #5) - B b K54 £ 815 £ -2
SN H BRI AR T FRESTARRS(LA
3637 & > MtE 10-~11)- |
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17 .

18 .

19 .

20 .

21 .

22 .

Taq DNA polymerase: 8% B Stratagene Biochemical Company
Pfu DNApolymerase: #% A Stratagene Biochemical Company

T4 DNA ligase: 85 B NEB Bio.Lab.

BamH 1 restriction endonuclease : # & NEB Bio.Lab.

Sal 1 restriction endonuclease: # & NEB Bio.Lab.

Lysozyme : 8% & Sigma chemical company

Bactotryptone : &% B DIFCO Laboratories (Detroit » Michigan )
Bacto-yeast extract: # B DIFCO Laboratories (Detroit * Michigan)
Sodium choloride : & B Afo g8 % /) &) |
IPTG :34 8 Melford Laboratories

2 b @R (ampicillin) :#% & Sigma chemical company

& 1% % (kanamycin) :8% B Sigma chemical company

=k (imidazole) :#§ B Sigma chemical company

# ¥ B #r(agarose) : 88 B Sigma chemical company

Ethidium broamide : #& & Sigma chemical company

pQE-9 plasmid, escherichia coli strain : & Dr. M.S. Patel TE T
4t (Department of biochemistry, school of medicine and biomedical
sciences, State University of New York, Buffalo) (Kim et al., 1992)
Anti-mouse (His), monoclone antibody A& goat anti-mouse

IgG antibody :#% & Bio-rad Laboratories

Acrylamide bis acrylamide : %% & Pharmacia Biotech company
Ammonium persulfate : # & Sigma chemical company

His-bind resin in Sepharose 6B: 8% & Pharmacia Biotech company
(code NO.17-0575-01)

N-tetramethyl ethylenediamine (TEMED): 8% & Sigma chemical

company

TriS : 8% & Bio-rad Laboratories

10



23 .
24 .
25 .
26 .

27 .
28 .
29 .
30 .

Lipoic Acid : # 8 Sigma chemical company

Dihdrolipoamide : #% A& Sigma chemical company

P BR AR AR "R b 42 4 1 B4 (NAD) : 8% B Sigma chemical company
BB AR BR AR BR 2 oh 4 4% H B8 (NADH) :#% B Sigma chemical
company

NaBH, : # & Sigma chemical company

PCR gel extraction kit :3% B Qiagen Biochemical company

Plasmid Miniprep. Kit : # A Qiagen Biochemical compaﬁy
Chelating Sepharose Fast Flow resin : # B Pharmacia Biotech
company code No. 17-0575-01



(D)FWA % -

ATRBATBREEFEEMREA, RREEHOEE S04
ey kel s BEHBUIN ELH@PHRALTF ©
A REETRIHEE

# 1% 4 78 pQE9-E; & &3 Dr. Mulchand S. Patel (State University of New
York at Buffalo) = F 5 £ AR 4245(4 £ 38 B > & 12) - pQE9-E,: K54E
A pQE9-E;: SK-KS Zda ¥ L BERLEAMEMTAMEEFH I TR T
PRt - RBEN T ikda T
(DT 2 R xR 685448 RE(SDM PCR):

pQE9-E;: KS4E & pQE9-E,;: SK-KS HE R K a2 T kx
sk 7 4 oA pQE9-E; 15 A ## 4k (template) » #| Al — B & 25 B 4 3| F(site-
directed mutated primer; SK-KS : GGT TGT ATT CCT 44G TCT GCT TTA
TTG AAC; K54E : TGT ATT CCT TCT G44 GCT TTA TTG AAC )& C-
terminal primer ( LS primer : 3° CAC TTG GTC GAC TCA AAA GTT GAT
TGA TTT GCC5’; W4 Sall site) (Liu et al.,, 1995 Yei Tag DNA # 4B i 47
RO RBERE —BRERGLODNA AR - HEBA®SRY
264 DNA R #fv—18 N-terminal primer ( LI primer : 5°GCG CGC GGA
TCC GCA GAT CAG CCG AAT 3°; A4 BamHI site ) A 3 & Bf4k 45 R FE &4
HiEAE KR CDNAKA(S R399 R P KB 13) -

(2)54 % & FE(Ligation) :

T A EasR 8 R B K44 69 DNA B B BamHI B Sall 73477 % 4| &
AT KAR U AR FEAR 3% (stick end) 2 DNA R 8440 & 46 A T (insert) - #| A
T4 ligase # BamHI site & Sall site %4 A\ - $ 8 &8 (vector) & /T it & R /&
oA pQEY REZEG RO AERM(SA 39 H > HE 13)-

(3)#2 7% 4F A (Transformation):
4 RE R R0 O A-47 69 DNA # A JMI109 competent cell o 4%
JM109 competent cell F|ZENSFH L @RS F LB BHE K EN I3TCIRE

12



48 (incubator) [ & #& 4 o
(4)#% &% 1% (Miniscreening):

BB EANFEB R PZ AL AUMGENTAREBRFIBATF
8 8 % s 16 B E 88 (plasmid DNA)» & % 84 85 4% B2 5 5] (DNA sequencing)
SATE o BB BAEERBILEARETMETE —REBURE  BEHEEA
M15 PDM 1.1 competent cell (42t @R FREREMLR) - 35 M5
cell ILENEGH LHLERRBMENFRBRBERAENITCHREHER

g

(5)% 8.4% BEA% 8L /- 5| & /- (DNA Sequencing):
(a)f i USB # & #9 Sequenase Version 2.0 DNA Sequencing Kit 47 &
A -

b ik R B AR DNA 7 ul &3]+ 1 ul (25 p mol) » reaction 4 f#ri5%
2ul 44 10ul- £ I00C T M A4 MBRIFEZE K E - HEF oA 1ul 0l
M dithiothreitol (DTT) » 2 pl diluted labeling mix » 1 p1 [**S]dATP #u 2 pl
diluted sequenase F 685 RASEN TR T RES 54 - 55 & 3.5 ul
Z AT R B A £ 37°C Tk » K 2.5 pl termination mixture (G~ A ~
T~ C) ¢y w18 eppendorf [ EESE T » REH AT CREL 4 > #
ENEE P 4 ul 8 stop solution (4 95% formamide » 20 mM EDTA
0.05 % bromophenol blue » 0.05 % Xylene Cyanol FF)  # &4 &4 75CF
e FE 3 4818 - B3 pnl loading f£ ©L TR 15 44889 6 % acrylamide
sequencing gel » SAZh & 45 W (& 65 CYBATEXRGTH - Tk TH - 4% gel
7 4e fix solution (5% F& » 5% T8 Y » # % 10 548% > 2L 3MM &
sokAe gel 42 ogel B A4 E—RBAREER o 1L gel dfyér £ 80°C Fdddt 1
NEF o BRAX ERAEE BRAHRY -

(b)4# A ABI PRISM 377 Automated Fluorescent DNA Sequencor i# 4T &
5 |

st 7k & B Perkin Elmer 2 3] &5 ABI PRISM TM cycle sequencing kit

AT EERAAA dINTP L AH wiE KRB BR & 60 & A F A

13



deoxynucleotide termination &5 % &, & PCR &) % /% 4£ DNA #.4g L extention
i 0 e 1/10x 8860 3 M NaOAc A 2.5x A& 69 98 % alcohol » Kk F 4
%p 10 4 > BEu1e|4f EF & 0 Ao loading dye 1£ 48 6 % polyacrylamide
sequencing gel 4~ #7 ° LA sequencer detector b &5 % 4% & RAE B8 K8

& e EE 0 e Rk B E R4 (guanine) » & & X & AR R 2 (adenosine) 1 4
&, 4%, & 4 B % o (thymidine) - & &,4X & A % =2 (cytidine) o

(6) A& %&£ R % & % 41t(Overexpression and Protein Purification):
B RBR AR FEBEPIESE —H % (single colone)st & » #47% &
ERERERML -

B.#4tE;RERE RS !
()R *E:

FIAPpQE9 A AL EARZARKADPQEY H#HE T » BHENE
coliMI5 F Xt ¥ hiE - £pQEI RELAMK T X Ecoli B X tafn bk
3£ % lac | gene % plasmid pDM 1.1 (BA B ZIL &) e & 4 lac #p 4| A
“F(repressor)$ TS 42 i B F(promoter)&s 4 » LA¥p ] pQE 9 4 84 64 & if o
ZE pQEO AR R EY RiE > THAIPTG & lacipH B F44 > 44y
B FaEBA4CiE B F1% 0 RNA RABFLURA & 48] TSRERF L
% 39 £ B 43 oL #4788 4% 45 A (transcription) A~ &%, mRNA 5 B 4& mRNA #:2
1 A (translation) &R E @ & ° sboh o 7 pQE 32 Nt A~ E
48 p% &% (histidine) » A7 LAk 269 %& G G 77 2L 81 Ni-IMAC #fB5(Pharmacia
Biotech) &4 » A4 F 4 48 AR B A 3% A8 I 2 sk w4 (imidazole) 4 B S5 & %
F B B ey &AM 0 & & E a4 (elution) B o
() ik | |

Y4 £ 6 8 pQE9-E; » pQE9-E, K54E + pQE9-E; SK-KS i A4
pDMLl B #2ey E. coli MI5 B¥k ¥ & iE -

HhBAAAETRNBAMIERALSH L BERQ00 ng/ m) R FE#E
(25 ug/ mhey 2 ml LB 32&% ¥(10g m B & IR > Sg BE B4y - 10g 88)

14



£ 37CTFrRaRE & o =R EMKE RIEAME(inoculated) 2] 4 45 Lk 4k
(200 pg /mD) B B # # (25 g/ ml)éy 200ml LB 132 (8 ¥ 4 = E @/ N8548 >
2|5 ODgpo= 0.7 85 B hu N IPTG(Q00 pg/ mD) S E G T 48 > £ 30CF
TR R A R(# 18 /1 8F) o B = REFHF H R 4L 3 6000 g T 8w 20 4o
481% 0 M EFER S WE UK mia(cell pellete) > Witk eI mp Bt A
PPE % #8775 %% ¥ (50 mM Potassium Phosphate, pH 8 ; 0.25 mM EDTA, pH 8)
AR S ml o MR AN AR mg /I mD) £ KE K5 30 548 0 Az
Tk BB % e B A AR 44 B0 R 2 (12000 g, 10 minutes) » MCER EE & o

A £ BN AT R LT #7848 88 7 & 4x (Pharmacia Biotech) » 3% & 4 -4
b F kA e n# L ml 2 Ni-IMAC #$8s5(Pharmacia Biotech) » 11 E4% 4%
FEBE A 2 AR K FH LB AE(# 25 ml)) B e A2 ml 0.25 mM & 57 8242 (NiSO,)
BRF ABAEEAEMMEZ AR - AERMEZ PPE G808 RFLETR -
R ETERBEA TG OMFN EFREANTE  BLARTLE
WERE 0 B 2Sml 2 PPEEHAERFAERE BTG E€RMA
BHAs L o #4g pA=ke£(5, 10, 20-100 mM / 2 ml &% PPE &4&45%)E %R
MAEFEESZGEND - LR E RO ZTEETEN(RDAEPPE &
BrERTEN > —RYBREFERZR) - A AFEITESERENR
& (protein concentration anaylsis) ~ FAD & & | & (FAD content analysis)
&% % Lb7E M8 (specific activity assay) ~ & 4 #7 (fluorescence analysis)
BBt %751 8] & (Kinetic study) % F % - |

CEBAERERE

Ao Ry & G Y A Bradford iR E R R G ERE » WA
A 1pg/1pl & BSA(bovine serum albumin)f & £ E 942 R E » A W
48 4% # & & (standard concentration)BSA E 48455 A Oul ~Sul~ 10 pl ~
15 ul 4% » H o4 PPE & #7500 A8 A M 2 800 ul» &-4% &b 477 H Au N\ 200
pl & Bradford & #78% @ (LR & AR 1000 pl 42 - RELE T8 T #AT
S a4tk EAG L L EE ¥4k & 595 nm T 78448 8] R k44 (Hitach
U-3000) > 42 % BSA R ehag « RAE L2 B A2 B 4 1T

15



EBRBPEAFZ o (G ERE SR ER) o

D.FAD 4= x :

HFah b e B, ﬁ- & % LA 448 nm &8 & B € B K F F (optical density -
OD)i#fT FAD £ & - W T4ty E; & & % 50 ug ~ 100 pg ~ 250 pug
mﬁ%ﬁSAﬁu&%ﬁég WM E BB RO TSECHREE
R BBERL Iml BAZERGHELEE P £k K 220nm £ 500 nm
T #7 8t (Hitach U-3000)1%2 3£ T ODz E A £ 2 FAD 24 R & - 24 E, 44
FAD € anXx8  BAURRIFBATREREESGEZLFAD 4 F
% BHIFAME HFAD 15tk BPT433| R¥ K G H FAD &
HMHEAEZE L -

E#EEuaE -

Bt 58 /1 % 547 A H A 8 F R JE 2 Ae 4538 F(initial velosity) st B 14413
Z o B AR EE G NAD R DHLA &4 B E 5% %0.1 mM;0.15
mM;02mM;03mM;1.0mM;3.0mM;6.0mM - #FE &bz EEE 1L
DHLA & NAD" 4 % H @478 £E MR E - BB X — NAD'®EE » &%
4% DHLA ¢ R B #UR & > T 43 — 48 18 R 26 6 U8 4o 3k I £ 42 NAD”
BEER LSRR T M BE o B ASIR BB 1/V B4t stk
o A I/[DHLA] A4 #d > “T45F — @ -F 47444 B » B 16A) > £ TbBEE
7 J& 7> B B #% 4 (ping pong mechanism) ; st 85 8] o #) A /A &,
UV =1/AKpa! VD) +UV(1+Kypp/B) » R B4 E A Kopa / V1§ KR
ATE M A SRR IE(E 1/ V)i » B I/ [NAD'] Airdh > B 16A Z A IE
AUt shE B TR R A H4EIES 1/ Vmax 4+ % & Kyap/ Vmax ;

AKX 1/ Vmax =Ky / V)X 1/B+1/V, TERE Kyap °

F.& o ¢
¥ %G ok E 296 nm Z K BA 0 U (exite) E T R Y
& B % (tryptophan) » ¥ & A% 8% & 3045 A5 (exitation state) B 48 % & A& (grand
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state)BF €25 41 H ok & £ 300 nm X 2K 4% H(emission light) » sbA 4 56 9T i
— 4 %8 NADH » & NADH #U i st R sl R ey > ¢ a
K& 450 nm £ 460 nm x FE 2 H AL 0 s o AR EE 35 5T 2 A SR
T %% FAD » 4 FAD 4£ 480 nm 2 550 nm 2 F A A M AT % - Bk » %
2F 4 By B & 296 nm 69 R 14 T £ K 480 nm £ 550 nm xR #3
£ 5] FAD 2 4t b2 sh k% 5 2w H(DHL % NADH)# > # FAD
# BB A FADH » R 5T oA ey FAD 24 5 o 080 6 F A2 A R 38 0 ROAE
BIEATRE AR BEE—F i FADH B E T4 NAD » {# NAD:®
J& A NADH > A f& =T & 460 nm &R #7252 2] NADH Z B4F 4 b 62 ki« 1k
Lt R R— ZE(100 pg) E41b2 % % L DHL NAD~H,0, ~NaBH,
EME s T AT RETH - ()DHL £ H R (2)NAD'R
DHL # < 4 &% (3)NaBH, £ (4)H,0, A X wa T8 - £ RIE
FH B E NG S B k&8 T B A Hitach F- 4500 8 56 54 44
oo L4296 nm K KB 0 £ K& 300 nm £ 570 nm Z MELREEEK
4568 kb3 e 94 4E 5 $EB% FAD 4 480 nm £ 550 nm 2 F 4% — 3 4 %
W& A& > M NADH £ 450 nm £ 460 nm 2 M €4 — M 4 v & 4 o
7% fa A DHL 8F » FAD % & st FADH - #b8F FAD 4 480 nm % 550 nm =
Ml B 4T k% & T & - % FADH 58 F1%:£ 4 NAD & £ 7 NADH 8§ >
LB /2 4 460 nm & €K — NADH &9 4tk id £ 4 E K FAD #%
450k % 6 F B NADH 3 5% ek g 69 & 4 0 <7 sA3E8] 8§ F4& FADH
B NAD'z M 64 18 &5 -

35 8 EARR BB B @] o N F HRE] 0 REA B AR R ) 44 B ] 2
BERAS LGSR BUERTFRREGET AT R FREE -GF
fa 2 BRE 2B M4 o



% ~F EREXR:
G4 § E&:3:

4 7 26 R 4 P A L2 pQEY9-E;:KS4E & pQE9-E,:SK-KS DNA K f& g
pQE9-E, 4% 8% tA T4 ligase i# 47 8 & R & (ligation) » 4% 88t 4 #% o &4 DNA i
A JMI109 competent cell » £& #4 £ 3% ~ 44 8 5 A3 B 5% DNA £ £ 5 (DNA
sequencing) © REHMEMM I FHRRT T RE L R I(KS4E ;
SK-KS)sh & H & 589 2 R 4 (datanot show)id » #ITU T2 G T2 &
oo (3 e 3PERGE 2B MHSR)

()EBE 82 RFRMEI

W T A TR 5 '8 82 DNA = A M15 PDM1.1 competent cell i 24 IPTG
¥ (induced)E & B2 K ERiE - A mie ~ 8Ok HUEIMES
% LE R B E T E s 0 Uokek(5, 10,20-100 mM 5 £ 2 m) A%
#7(elution) » # £ 30 mM 2] 70 mM Z=kek 4984 - U ERGHELE
¥ 24 B ARHE B AR 3838 Mono-Q F 4 o

&7 Mono-Q % 3% 8 75 (unpublished data) & FPLC = 3@ o] 4% 40
BOfehERT o & FPLC 28 2R A B —RAREFonEG LA
—SHENEEAE -

(Z)FPLC 4 F £ E:

¥ bt shAb gy & & § 1@ A Superdex- HR200 &4 ABAH 0+ F -
%48 4 50 mM NaPO, (PH=8) ~ 200 mM NaCl » £ UV 280 nm F{§ B & &
B 4 38,64 0F 4 (retention time) » 4 RE-FAMRR 0.5 ml/ min 2 F » E; &
k25 B AR B A S F 4 100kDa (%R, 40
BooME14) MEERASTEASOKDaL# 275 4R HR &
s lb RO E O ASRME(FR 4 R BB 15-A) - 28R
F kB3 SK-KS R KS4E » & R4S RS EF A FE By 48 ] 69 0 ] 25(4 25
Nk THREIRAKE(SR 41 B B 15-B -~ 15-C) < FPLC 4
¥ #m SK-KS RKS4E $m#FY EaR U ¥ B, 2 88ILRY » &
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FAG AR AR B R e K AF4E -

(m9) FAD & 45 #7:

SK-KS & KS4E ¢4 FAD 2255 A E, 85 82% & 90% - mytbiE
(specific activity)BI 5% & E; 89 46 % & 1.7% (3R 43 B » & 2) - H it
4§ %o bk & M (specific activity) FE#9 E 2B £ JER B FAD 469 F & -

(#) Kinetic Analysis:

UZXEBEEFEHNLERAAMBERERES  —HEEHH o T
V=Vmax [A] [B] / (KmB[AHKmA[BJ+ [A] [B) 7 # X Ed - 554
F- % # %] (order sequential mechanism) » 3+ E F #2 X, &: V=Vmax[A] [B]/
( Kia KmB +KmB[A]+KmA[B]+ [A][B]) °

BEEH AL ARBREES LB AR E eE S 1V By
$# > oA 1/[DHAL] % #dh > /B 0543 —a F/74(R 44 B » B 16-A) > %
TRE AR E A BN EERS 0 LaF AT A A AR
UV =1/AKpua/ VD) +1/V(I+HKo/B) » REE#F B Kpya/ V15 RERP
AT A RS EE(RF 1/ V )i - B oL I/[NAD'] B#dd » B 16A 24t
B IE(L/V) B ntE Bl THF— 1R ES% > Hgtssises 1/ Vmax o 4%
# Kyap/ Vmax ; A AKX 1/ Vmax = (Kyap/ V)X 1/B+1/V, TH# K
NAD °

SK-KS R & 6 2858 /1§54 8 RIMF 2 — fada B P47 8
Y HRBERAAE MARETEG > 2] Vmax TH » (45, 44
BB 16-B) e ZNKSAE REEGE RREHAG  SERHEEF
BARNNE -

BEEE N ETHHERLT
Reaction type: Forward
Varying substrates: DHLA NAD"
Parameter Km Km Vmax Kcat
Wild-type 0.9377 0.2183 0.4021 459§
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SK-KS 0.6796 0.1637 0.0103 211 S

K54E ND ND ND 1.45 S

MBI FFRKA ABFETLT OHBILRENEELAE
% K54 354 R G60F > BA 88 &) (1R 82 £ 69 B 3% & (turnover rate ; Vmax ~ Kcat
TR EBEEHIE AR AT ERLHERT EAKN TE) B
f# SK-KS R & a8 ey T AL E; & > KS4E RS E G T £ 28K
BB F B -

(7%) Fluorescence Study:
(a) — 8 A FEL(DHL)E % B R EZ 854

B % fiju N DHL #% » # 8% 49 FAD 7T tA# % & & FADH » 8] & 4%,
4£ 530 nm & & FAD 3 4t k& 4% €4k FADH &9 4 s o F & o

E; 42 530 nm & A FAD 89 4 6% & 4 » £ /0N DHL 14 FAD &
AT e AR T B RARES 5 AR 15 o d8x 1k 0 FAD #yst Rikid m g
ERR 0% GE(R 46 8 > KtE 17-A) » £ NAD RELEHERT » §
F2de DHL 12 FAD» 8% & FADHE Z TG A FHENE > &4
SR E & DHL (B %R E 4 S04%)E& 58 T » FADH 175 5T &4t s, FAD -
M SK-KS RE R G E 2 MH M ERE, FHBMGBER ETR4ET
B EABELL EEB(H30 74w E2 R Ae80%; 846 B 0 B
17-C) ; B>~ E-F 8 DHL 2| FAD R 69183 i se i 4T » {24 FADH T{£ %
PR G 62818 TS % B3B8 45 0 ATl FADH & #f 8.1k ik FAD & R JE 47
Bh82 B, 18 o KSAE R % & % 2 530 nm #4464 & 45 hjo A DHL 8% 2 4
ST 5 % TR R E(R 46 B > ME 17-B) HMATRREAA =
— 2 KSAE %% & K ey K845 & FADH T4 NAD® M &y & M/ %
B gk 0 45 45 T TRk 36 1598 FADH ¥ #% i M {5 4% FAD ik B8 -
Pl FAD 2 530 nm BRHT AZBETHERS « 5 —THEREA KS4E %
8% G Ry EHA 88 > BREWER » 4875 FAD 8B & FADH -
(b) = & 53 & (DHL) Ao A B BR AR AR "% o2 45 H BR(INADY 2 B 2 B 5k
#r
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£ NAD 73426494 5 F » DHL #% FAD &8 st FADH » @ FADH +T i

— LT FEATE4 NAD &2 £ NADH » £ B/ £ 5T ;088 8% ) FAD =
530 nm & K % F M A NAD 2 460 nm # 4F 5% 4 89 £ (4 B, 48

B ME 18-A) THRERSER SKKSEEEEG T EALE BUNE
7 o {2 2 FAD M & A% TF B4 w8 6938 R NAD B4 ek i 0y + A
HEE R IR E 8(2 R 48 B M 18-B) - BAm SK-KS B4 E &
B EFHRBERTETY  EKE % -KS4E REE S5 H A E L E(DHL)
Fmes - AT FHEAQERRART(LA 46 E » ME 17-B) ; {24
ZETmerer g 2 SK-KS REF A HMMa B » B~ KS4E R4 %55
ey EFHELNAD FEAGEH THREEE(LR 48 E » iE 18-B
Bt e 34y o
(c)i& & %) NaBH, 2 4 & 547 °

G DHL &% - 5 A 18 2 FAD » % FAD 2% & FADH ; & o
FADH & ¥ P/ & 1% 2 NAD" » {£45 NAD & & sk NADH - £ ¥ % & DHL
T8 EF T4 A & FADH £ 2 82 59 % 4 5 (7T 4 & FADH # NAD
ey P RINE) - KS4E R4 & & % 2 FAD & 5)E+Z R & FADH » & F
&ok)E# & DHL £ 2 FAD 8 M #8 FAD 328 » TTAE A 5 M 55 & 8 FAD
Pl 44 BT 2%, FADH 2 NAD R &) & Bl /- 8 L Bl AR AT A, © A LA
Mo AR UER B NaBH, 4% FAD A#HER - £ b PR E > &
PEMERE » 3% FADH &2 NAD M & FRINE & F % B HIE -

R 5 SK-KS R4 5 8 % 2 FAD K& T 184 60 440%
TEE—FOHE(FRAS0R HE 19-C) MmEARES 85 TE
BE—FBHEER S0 R MEB 19-A) 7 SK-KS B4 &4 % 2 FAD
A meBRBAM R AR AME, 1 - ENKME REEGE
G k&R R % I0(2 R 50 B 0 K E 19-B) v 858 FAD &% ER -

& FADH % NAD & — 7 ) 84 R & 0k 847 o
(d) K54E £ 0.02 % H,0 % 7% & 32

£ DHL B4 8 R THASEFTREZENEHS &> AET LT

Mo 7 EEE L 0.02 % H,O, SRR > §RFE & EH4 A& bk EH2
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BERE R - BB 0.02%H0, BRARE - ﬁFAD2,53Onm7Si%T
5%7‘&1“*?—‘5??&&. FHE ?—’3(9‘%% 46 A 17-B & 52 B B 20) - #® H,0, i&
%3%4% » 355 FADH &4t FAD » o % DHL 4 #85 5] FAD 2 %
%3‘7'5&‘1%& 5 ’\ﬁgﬁffT E-¥E  BHEBEITRARZEANREEMY
EH4 #& » @ H,0, @A K 215 fAc R B A 7S ey E & & EH2 £ 4% » FAD
% FADH # ) SUMRAEL T 25275 4 © 12460 nm & 3 & & 4 NAD 89 % 4t 4,
W& » B5#% FADH £ NAD 7 #1475 #EH 3 sb—# R % DHL it NAD" 4
L ERRERERS  THAARNLO, BRAFSEEBEH N mitis s
RSP o (2R 52 B M 20)



5 i

1t Eukarya ~ Eubacteria B Archea ¥ » L85 — B 44569 FAD &

A& B A & &840 (William, 1992; Patel, 1996; Patel, 1989;

Deconarain, 1990) - & % &) BeA% 88 7% JK(cystine residure » 48 & # A5 £ Bt

HAKR R BGAY cystine-47)H# R B B A8 £ T8/ » Btk s A

A& B E &M F o (Deonarain, 1990) o« mEk 44 C-3REAK B 7T hE 182 &

Hed5 BLA EPLE F) A8 4948 2 1A M (Benen, 1992) -

e DA 5 R 9 R A BRR UK B (SDM -PCR) & A K% A B otk Bdg A
THBEF - R Tag DNA REBEEROTATRER KL DNA T
Fof o BB 8 % (colone) 4 T4 A — B ERABAAN TR > mEELER
B EREER RAETROREA:

—: Tag DNA % 4-8 3t & 4 iE-(proof reading)sh 45 + & ik BRI R 49T
FEMER —AFAM B REOE AR RBERAE -

—:Tag DNA B 4B8f e9432 %45 1/1000 (RAREZEE)  mMATEH
FRommA YN RERER HH 1500bps » 2 KT 5 T —1@
B RERTRALALGHEY -

Zo Aok F s EE 0 SR Pfu DNA 4685 0 b8 & BB &K IE( proof
reading) &y fE > AE X & Tag DNA R 585 469843% - 1248 A PluDNA %
4B fe second PCR B ABFH & 288 » MR T ERE ~ 8 B
BE T ) F

vg: 4%k Pfu DNA % 48848 second PCR & A BF & % 8K AT % A 38 vtk 48
TR BB 0 7T 8% second PCR & A 89 & M4 1b 18 1E B ¥R
HAo Ll 3| F & LS 3] Fi&47 third PCR B KR F A H -

AEx Gy aibeyBfd o # A sk (imidazol) 2 48 A% 8 (histidine) &9 4%
ARG BFRAE A E AR E  EMEE G T 4t B R - {28
IR B G E A (elute) A Mok ok & 158 & 2 0 RE 47 4 45
B PR R o SATHA 24 LA AT A (dialysis) B R BE R 4
FFrokek o R AR 24 NBEE M7 14 B Ak on 1818 Mono-Q 4 #x(Pharmacia)
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N5 g ey oked X o 18 Mono-Q AL B AR SEE 2 B 3 ey
FE 0 AR YRRk E c Mono-Q BA B ARG IR > ER A
A SDS-PAGE 48 ¥ 4 3.4 7% th & (flow through) ¥ FAZ &9 & & % - #&F
Z » A PPE SG#ERIT AR RS SES TG T AL » mED
$8 46 FE (salt gradient)8F & & & 895 0 B B8 & ) tb & M (specific activity) o
2 A DE-52 % £ B 4%, Mono-Q % 4% © 47 4 1678 Bl 1A ddH,0 Bk, PPE
AR MRS EMIIEMN o bt > BE A Mono- Q ¥ A 44k
BB E AR B 2-3 MR ek S A BRENERAR S bo st
BEBEEA > EREAEANGE > v L34 Mono- Q ¥R ERE &
B R 0 HE3R A DE-52 £ 4 HX Mono- Q £ 4% » T LAA ey FF L%
R WAL AT F R o

KS54E 42 DHL ¥4 % & %0485 » £ 530 nm & A7 A 69 FAD % 4
Sk SR g > Bp FAD # % 5 FADH ¢ R JERAE 4T - T4 B E
K= > —# KS4E ¢y R 4 4& 8 FADH T4 %] NAD A &5 F M/ % % )%
W EFEFEEEFFE 0 EMES FAD &5 2R (R 24 FADH
He4%) » A7 A FAD Z 530 nm BA R EETHERS « B —THAER
# KS4E fen EH4 & » B R7EWARE > $&ki F AD 2R & FADH -
4 NaBH, §% T #.8 %] > 3ki® DHL 8 FAD Y M®9 S F 4855 > a8
¥ FAD /7 R B {2 RAEH FAD i — ¥ 698 5 - KS54E 2 NAD' & DHL
%8 RIE Y 0 47T 45 FAD 0413t s, FADH » ix%«—w%%%@;% NAD*
7 i NADH e

B E &R~ KS4E £ DHL £ % % KB & NaBH, 7% 3B & & 32 5f &
T RSP THEA » ETaEe0 R B ABEH AT EH4 B (Williams,
1995 48,53 K » FiBl 21 ) 854 B S A EH2 M T A reg ddh
BT RE BB E {2 ANE4 BAIRARTERE - HEELiEs
g KS4E #47 H,0, B RKREZ T » B & FAD th 8 E R

R E A RN BHY B -

4% KS4E A H,0, B 38 — R 4% > BT DHL AR E 47 - ERH5ER

% F & FAD % FADH M ey gy sbarey) DHL 8 % % & & NaBH, 3%:%
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R B R IR a8 R SR oA 8838 Au([8] 21053 R)- 4k 77 B EH4 A& 8% 4% H,0,
SHEAALARE BB EH2 88 EFXT B HEET
TSR KSAE B MR A IR TAELR AR FEI1F 54850
S8 FAD &35 B4 7 & thiolate-FAD #4 ¥ 8% ; -x B FADH #1 NAD =
By b B B2 % Bl A 5oa 3R o sb77 B DHL ## & 7 #1144 FAD 2 37 » FAD
T S B M R K R BT %, thiolate-FAD & ¥+ il R /& 5 @ Lys-54 B4 4%
& thiolate-FAD #9415 A > AT A% lys-54 %8 4 R 4 14 thiolate-FAD #4 %5 B 4%
A IR 0 MAEUNEF &% & DHL 44 £ FAD # sk FADH - £ sbif i
F o B2 E4E 5 A Ak EH4 fE(Kazuko, 1994) » A7 LA BP 4 k& thiolate-FAD >
24 NaBH, & ¥ F4& 81 & /& » FAD {7 & 3% & s FADH - % NAD Aotk -
NAD B A4 % E,# semiquiunone &4k A » £ R 5t &£ A% thiolate- FAD
g1 AR E S 24 NAD 834 KS4E 2 78 M (NAD induced activity)
T He & % i@ 8 K54 2 FAD semiquiunone 542 M » e mBE B £ 64975
Mo 42 48 H,0,:8 R EIE & E 5% ¥ FAD 7T LA A & # & & i FADH 12 FADH
GP:‘&%{i NAD & & s NADH ; A AR ARG AR &R KEPER
 BARGR 2 EHARBHO,BRKRER  THEELTE R
3R ﬁm@#%ﬁ FADH F14 2 NAD 2 %18 % 2[R Ef * NAD &k 8 R
A% NADH » B @i Ra 8% a4 %% THREAD £ NAD £ 2)F —#
#h 4 R (8 NADH 2 ik) > ey Bdl s & — S &4t -
B L fEFE IR 0 484 FAD fo NAD 2 M) » TG A F — B
S FoEEEF PRI M KS4 ER b PRIGEM -3 (2R S4E
Ml 22)



B~ B R

CoASH
| @
O R-C-S-Lip-SH O
i v
R-C-COOH TPP-H R-C-SCoA
o-Keto acid Dihydrolipoamide
dehydrogenase Acyltransferase SH
LinG:
Cco | ~SH
2 R-CH-TPP S
' Li
OH PCé
3 FAD
Dihydrolipoamide
Dehydrogenase
FADH
2
+
NADH + H
+
NAD
RCOCOOH + CoASH + NAD?t -eeeee > RCO-5CoA + CO2 + NADH + Ht
PDC: Pyruvate : Acetyl CoA
aKGDC: o-Ketoglutarate Succinyl CoA
BCKADC: «a-Ketoisovalerate(Val) 2-Methylpropionyl CoA
o-Ketoisocaproate(Licu) 3-Methylbutyryl CoA
o-Keto B-Methylvalerate(Ile) 2-Methylbutyryl CoA
a-Ketobutyrate(Thr) Propionyl CoA

o-Keto y-Methylthiobytyrate(Met)  3-Methylthiopropionyl CoA

B 10 B8k SR SR AL R B0 A R JE &
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NAD®

S HF S F
A +

S B SH HB{

\ NAD? % NaD"

NAD™F

{&—HFJ S—HF

s B ‘7’ s~ "mB{
H+

S HS S HS SH HS
By PR e [,
S HS S " S S

/
SH S SH /S
e 5 ek

B 2: —fuhiddatsmibREMRERS R BREF
Mgs R 0 S-SR EEM R > F 4 & FAD -




R R BE QLB R R B EN S ERAY

Enzyme Substrates Products
CH CH

A . A

E3 W ,(CH,),CNH, 2 ¢H,(CH,),CNH,

HS SH -

Dihydrolipoamide Lipoamide

Gly Gly Gly
GR YGlu-Cys-S-S-Cys-Gluy YGlu-Cys-SH

Oxidized Glutathione

TR Oxidized Thioredoxin
MR Hg(ID
(CHNH(CH),
NH
TTR l NH
(I;ly Gly

YGlu-Cys-S-S-Cys-Gluy
Oxidized Trypanothione

COOH
1
P
AD CH, CH,
\"/
HS SH
Dihydroasparagusic acid

vGlu-Cys-S-S-Cys-Gluy
bis-y-glutamylcystine

GSR

Reduced Glutathione
Reduced Thioredoxin
Hg 0
(GH)3NH(CH,),

NH NH
I |
Gly Gly

i
¥Glu-Cys-SH HS-Cys-Gluy

Reduced Trypanothione

COOH

t

CH,
&, CH

5 ,
\"/?

S—S
Asparagusic acid

YGlu-Cys-SH
Y-glutamylcysteine

(4 B, Liu, 1994 )



Ala,Gly,Cys Glucose FAs
Ser,Thr . X
BCAAs A Y
(Leu,Xle,Val) Lactate —a—3— Pyruvate FA-CoAs Cytosol
i ! !
4 ‘ # Mitochondria
Pyruvate FA-CoAs
BCAAs + :
NAD
a-ketoglutarate
o, PDC
NADH
Glutamate
Acetyl-CoA ~—
BCKAs (Leu,lle) Gln,His
. )‘“\4\ Pro,Arg
NAD X
Oxaloacetate Citrate '
BCKACD- f
CO2
NADH v
TCA Cycle Glutamate

Acyl-CoAs S

.......... B Succinyl-CoA

(e, Val)

CO,  O-ketoglutarate

NADH

3 ER A S BRAE AREAT AL RE E G R AR -
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Central domain interface domain
| 352
'I‘ vll 4 i b5
9 !', Q E
s | b - § 464
T fx1]
474
282

SN\
1y

FAD-biading domain

NAD-binding domain

HNBR = SUHR A B 3 SRR U4k B H AR B BS(GR, 60) 644848
(chain fold)bL 82 B < BA24E & 9 A% w9 18l & #i( domain) » & N 32
ECHMRAFBFAD $4EH - NAD BA4EH ~ POBRBARE
BEE - THRFREREB-TR  FHEERTHETBEK £0-
A o O RFAEA E; 2 GRDNA A 748 B 6488 4 o [T 448
BFRABE R Ao A S-S RS Fay s et ;N
C ol K& 8% ey NH2 3% 82 COOH 3% (4 B, Mattevi Andrea et
al. 1992)
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5: P. fluorescens B %5 ¥ B8+ .85 ) 'E 4 42 % ik B (Kraulis,
1991) e UEBERZRE T EEBLEORBEY  EREN 5
—BH O HABAF—FEH LEBEBRATFAD - F - B—EHE
A FAD 44 BH(AREA 1 5 150) 0 NAD &4 BH(%
A7 A 151 £280) voBB(ARAasmik 281 £ 350) 0 #
e SRR RA 351 2472) B EMEE TR G ERY
FAD 46 E 5 - NAD &6 G 5L 7 — B2 00 45 A5 & B AT L %, ©
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6: NAD % A& 43 64 — A2 4% 3% B (48 & Bourguignon, J., 1992) .
NAD # A& 4 & oy o~ B 4749 B -sheets (BA, BB, SC, BD,
BE, BF) Ew{Aa-helices(aB, aC, aE, aF) fram &
¢ B-DABC z # 4% X 4% % % #73% ¢ 48 (Rossmann fold) -



Pyrophosphate

way 9
M,c—c‘-c':—c}—cul—o—s?-ou 9 9 H
I OHOHOH OH gHa 0-£-~0-P 0-C-H
C N N ’ H-C ~OH OH OH C-H NH
T N NP 1 2
H3¢ (‘: ¢ 5 ?‘0 D-Ribitol { H=¢ —OH 'Ho-é-ﬂ D-Ribose N N
1
HyC—Cx O 2O MN-H H-C—OH ? Ho-c-H 7 |
¢t N e H-C —H [ =
! ? P N N
(riboflavin mononucleotide) F MN Hsc-cl¢ \ﬁ;/N\CéN\?m Adenine
|
ch-—c§c,c\N¢c\% _N-H
(¢ o 7
v
Flavin
Flavin sdenine dinucleotide (FAD).
y NH, l
Nicotin« = N X
srmide l ONH, 74 l N > Adenine
S J
ol o
H-C — H-C ~—
i
H-C-oH OI H—(:I—OH‘ A
D-Ribose 4 H-C-oOK | H-C-OH ! D-Ribose
H-C H-C
o-
’ i ?H ! (6]
CH0~P-0-P-0=~CH, !
5 o + =4 TR (-1 -0l )R
~ ]
B Y
Pyrophosphate on
(, “H” pris NADP?

7 : FAD #2 NAD" z - dy #41% B

(%]
(V8]



121C=0-H goup H I(?l:

R280\N \N
< HO H- O=Ck232 :
aNH--NZCTN
2a apdl B ACH oazoaldl G187 HO
Conl¥( or 4”00 N N H - NHe208
N \C LA P H Hviss
\(A~ C7 osaANgoar s 030 o
), 3A \ OONé ¢ _Co /OH ~~~~~~~ O0=C m327
OZAO Qo03A ON1 0//§ O/ & ~C” 3 2»C
H H ' o
HO E208 o#
Q373 Q0 ﬁlzg:\
; i
N3 4/
E208 -
H\3aN / ¢
N—C 3
/ Q
r280C=0 - H (300
NAD domain
aV (187-210) G187: main chain, amide NH, H-bond to ON2

Vv188:  main chain, amide NH, H-bond to ON2

BN4 (203-208) E208: main chain, amide NH, H-bond to O3' via HOH
side chain, H-bond to O2'A and O3'A

V1 (219-233) K232: main chain, carbonyl O, H-bond to OA2 and OA1 via HOH

BMN1 (240-249) V243 main chain, amide NH, H-bond to adenine N1A
main chain, carbonyl O, H-bond to adenine N6oA

BN2 (272-277) R280: side chain, H-bond to O3' via HOH
main chain, carbonyl O, H-bond to Nicotiamide 3aN

oVII (327-343) M327: main chain, Carbonyl O, H-bond to O2'

Interface domain
aVIII (370-377)  Q373: main chain, carbonyl O, H-bond to O2'A via HOH

|

Bl St = EBRF Bk 58 NAD %6 S04 I 3 64 B 2 8
EB(2 R/ T C Liy 1994) -
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N28sNH C
v e (G )
n121C=0._ _OH e
“peesg” H vissH 7 \ZC H
N i il
l -' ™7 O=C (054 /é _Nks4
iNH -~ NZS N HO. — \  CN
'lA SA] “;}\X\CH T47NHX.'-" . .\H Qo2 1\%10 i
C2A3:/ 94/ oa . OA20' ‘b ...... 004 \C _ 4 \Cl,' ga\c40 4o
\\N N O\4A (“:X O P/ ) \C—B,/ 2! C “ Oa 4;‘
0N, 8§ NN
! ) OAF -
k37NH 2ACTC Q03 il ‘O=CHas2
029 0 OF%O’PF\(gz H 2o O
;oA P i~ H O “NHas2s
i i euNH Y i . =
050 HOH . IND316 \C/
-7 0O |
C 2 D316

FAD domain v _
al (15-29) G17: main chain, amide NH, H-bond to pyrophosphate O OF1

BF2 (32-36) E36:  side chain, bind to ribose hydroxyls O2'A and O3'A
K37: main chain, amide NH, H-bond to adenine N A3

all (50-66) T44:  main chain, amide NH, H-bond to pyrophosphate OA2
T44:  side chain, H-bond to phosphate OA1, OAZ and O4'
K54: side chain, bind to FAD 4o and form ion-pair (salt bridge) with E192 side chain

BM3 (119-122) 1121: main chain, carbonyl O, H-bond to adenine 60A
[121: main chain, amide NH, H-bond to adenine 1A

BF4 (143-148) G149: main chain, amide NH, H-bond to OF1 and OF2 vio HOH

e

O i H = BB A 8 & FUEG ) FAD 4 4S04 I 3 64 B & 8% o -
Bl(% B T C. Liu 1994)
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121C=0..1 ¢ 0
e HTH Thea?
i 47 “
v (g Gt 194‘\
12 INH- - \ H ,',-Hi" 0
@ > /
| "1 _-Ho!t-Ho H
O—-F;-——O’ W =
B g
N O\P/ ,?
34 le) fe) H
H oo W \Oz: o N\ LysS57
: : e H
‘ " N o N
& o 14 in 318§
- g
c
/
Gtu33 Asp 318 \
Interatomic distances (A)
Subunit Subunit
A B A B
1: 30 28 12: 31 35
2: 34 36 13: 2.9 27
3: 33 32 14: 32 36
4: 30 29 15: 27 23
5: 35 35 16: 34 28
6: 24 24 : 17: 28 30
7: 27 33 18: 28 29
g8: 29 32 19: 29 28
9: 29 35 20: 32 29
10: 33 39 21: 29 34
11: 26 28 22: 28 30
{0417 FAD fif i A 82 FAD #57% & fAkeh e A 8 B B -



F209
1.210

G185 A186

C277
G187
HgodeVlSB

5

6ﬁ§21.

NAD

[F'AD
, E192
\Iﬁ
- ca5 '
PIG s 3
C50
°\é$&;u1120

IMJ?

1103
O;I/@ Lip

Bl 11 ARIE AR 5 B H BKE R A = F 7 B - T4 X el 2 A 25
Z @ FEE K A BEeE P EE o 3E &4 Lipoic acid 2
NAD » &5 B & & Cys-45 1 Cys-50 Frahng » &M
His-452 (H452)#2 Glu-457 (B45T) =% & % — B 8% - FAD & T4

T AR B Y PR AR ES 7% 3 R 4o B A7 A o (modified from Jentoft et
aL)
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Eco NI/ ABS 6xHis amHij Satt_|_ sty Hind 1 coreAc
pQE-9 (T I ATGAGAGGATCG R —— ‘ CHI0CAG0CARGE 1AATTAGCTOA [
tod | tod {

Xho 1 (0/3416)

£ promotet/operatar

(121)

Bgl 1(2544) Polylinker / 6xHis

ofginol  ypa(1118)
replication

Control regions of QlAexpress pQEf-vectors.

i/ R2
PCR' - amplification
R1/R2 restriction cleavage

\

pQE-vector integration

12: pQE-9 % i % 4,2 3% B (4 4% A Qiagen biochemical
company £ L3 E) o
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7 - EcoRI BamHI

Am .
Site-direct BamHI
mutagenesis
Lg+ Mutant Primer
Cx J4 L1 primer  Amp

BamH1

Bamlil

13:pQE-9-E;, B 2 a2 #ER - #4x% pQE-9-E; ; 3]

F45 DNA A3 45 % - L1 5-GCG CGC GGA TCC GCA GAT
CAG CCG ATT-3; LS: 5°-GCG CGC GTC GAC TCA AAA GTT

GAT TGA TTT GCC-3” - (£ &, Liu, T. C., 1994)




Log (M.W) kDa

v

1000

669Thyroglobulin
m 443 Albumin

200Alcohol DHase

66 Beta-Amyi&se

m 29 Apoferritin

12Cytochron®

10 : , . . — .
15 20 25 30 35

Retention Time (min)

14: FPLC Superdex HR-200 4x &, & nir 2 mFEHEE -
KB YR E ST E 2 HEMA - 3K K& QB BT (retention
time); AEEBHTE3RAE RS H G E 2 HLHF G TERY 2S5
NEEZ R BIRER ST EH A 100kDa -
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15: FPLC 4 F & ¥ (molecular sieving) &, /& 5 # B - RT 51t
AR % % 4x & Superdex- HR200 » 7 $) 48 (moving phase).% 50 mM
NaPO, (PH=8) » 200 mM NaCl » 7ii % 0.5ml/min - 3% B + X
B4 4%, % 7 4 0% ] (retention time) » Y #45 & & & G 4 UV 280 nm
ERTHRAEEA MV RE) - BAABE, > B BASKKS %
588 BCAKMERSESGE - FYHRNELZEZE 42
HEHRBE R =_FHr TE R4 A 100kDa (A8 1434
W) BAEMNERSTEHSE S0Kda: AU AERET LS
HEOESAREERATLA -



k2 B EEEXBRLENRATFAD 24 F R
T Specific activity  |FAD content Kcat
wild-type E, 100% (540U/mg)| 100% 459 St
SK-KS 46% (248U/mg) 82 % 2118
K54E 1.7%(9.18U/mg) | 90 % 1.45 S
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16 ZEEESHZE2Z 0478 - B 16-A £ E; 09858 /1 24
#rE By AREEXE e EEMF (ping-pong mechanism) ; iE
B % = Vmax = 0.4021, K[NAD] = 0.2183, K[DHL]=0.9377,
Kcat=459S" - B 16-B & E;:SK-KS R¥¢Z a BB L8/ 24
# B o By SK-KS REZFGHENAELET RS 0 EREL
£ Vmax=0.0103, K[NAD]=0.1637, K[DHL] = 0.6796, Kcat =
2118 - |
BERNESHAF A FZ LR EFELRTL - £ 3
R FE 69 NAD & DHLA %48 » £EE 554 0.1 mM;
0.15mM;02mM ;03 mM; 1.0mM ;3.0 mM ; 6.0 mM - #%4b4L
Bz Zad U DHLA B NAD § % ERITEEZETHAZ - §4&
Bx—F#NAD&ERE » &% DHL 8 EEEBITRE T4 —4
BB REI I ko b A £ NAD R 48 E:ii 5B Bp T
13 B B oA T 6B 1/V B4 dndE B - 24 1/[DHLA]
Bgdh o 45— @ TAT48(E 16A-1)  FiTHRZE R AT LB E
B E T EFRIT A A 2 K 1V =1VAKpa/ V1)
+1N(1+KNAD/B) K ,ﬁi—%i/é? KDHLA/V1 ; jﬁﬁi%ﬁ“%‘?%‘éi
saehFE(PP 1/ V)& > A ud 1/ [NAD'] Zikds o Bl 16A-1 2 #3E
Bt shtFRE > T4F {5 ES > H4esa 9B A 1/ Vmax » 4% 4
Kyap/ Vmax T4 # B 16A-2 ; #1A AR 1/ Vmax = Ky / V)
X1/B+1/V, BPTK & Kyap °
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B 17 :DHL E2 EEALRESHE - F— K EMEAEEE 100 £
su(ug) » DHL &R E A SOuM » R ERALEHEA I ml - K&
AERE SRR LB LY -
BAABEXSEEREHSLE @ tar ]l H8E 100 ug a9 &
HEABRE R 2 ARG 1 8 F /A SOuUMDHL #£ 89 % %
£5E R AYBRL2ES HBROEEEARE $K4 B
B4 248 10 R RARRE B S AHR 2L 15 54
BOBELERE .
BlBAKSME REZFEGHEXEAREHLEE S g 1 BEx
£ 100 ug 9% BB ; a2 ARk | 898 FhA 50 uM
DHL # &9 %L 288 ' RIEZIZHRE -
. BCAHSKKSRE4EaZ2B8LREURE B ¢l Afz
100 ug a9 B L ARE g2 AR 1 98 E A 20 uM
DHL #8498k k 5B, thig 3 A 22 10 5 8% M8 ki
BE W4 ABGR 28 IS nEABLREAE LS Ay
$24 20 itk e BA KRB B4R 6 HHR 2830 %
oy & & RE o
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B 18:# % DHL #1 NAD" #4742 A R EAZ ELREE -
- REAE A8 FE 100 3 (ug) » DHL A NAD " ®i &R E 4
50 uM > RER 4B A Iml o KRB FE) 69052 > 2 RKEs
F 8 S g gL -

BlAABEZELRENGSE @ el AL 100ug 58k
HZHLE  HR2 ARGBE ] B F oA 50 UM NAD 4 RI4F 84
BhREABE R 3 A2 FHiwAN S0 uMDHL #8436 %
KFEBRE R4 AR IBS pEBAFNERERE . &
BS5SABMRILTS pEEARYELRRRE S R 6 A8BE%3
#10 B BITFNENEARAE R T ABR3 L 125
SAEIL AT B LA TLE ik 8 Adhsr 348 20 H4Eikm
Bz e B ARAE - |

BB AKSIE REEAE2EARBHEE S gl s
£ 100 ug 9 B ERE g2 AR | 9B E oA S0 uM
NAD # Al4F 898 A £ 08 5 4 3 A s 2 Fhva 50 uM DHL
BBIFHBEAERIE S B8R4 AR 382 5EZAFHEL
EABRE MRS AHSRIES pEERIFNEARRARE 44
6 Behsr 3 & 10 484 RlF B Mg LikRE -

B CASKKS REUEGE2E8 LR BEHLE #ig | At
F 100 pg 9B A FRE © i 2 BRI 98 £ A 50 uM
NAD # i ey 2B L £ E  dhsr 3 A dhsg 2 F A 50 uM DHL
BT ENRERRRE 4 HHR 3L 1S paEgaFa g
HEBLE S RS AR B8 pEEAFNRLARE ¢4
K6 BMHEIRI0gEBAFHEYOELERAE R 7 A
B38 IS pEEAGFNENBELRIARE W8 Adig3&25
SRR AT R R R RIRE -
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19 : NaBH, R ## 2 B LR EE - B— REFAAEZE 100 4
- #(ng)c DHL R&EE S SOuM > RERLHEMES I ml - RAE
AEREGFHEBHRES S - BALEZELEREHLE;
el BEEX I00ug B LLRBE 2 B RS | R
e NaBH, (10 mg/ml, 10 uh)f& 89 %8 7 HE 5 sh& 3 B4 2
IS paEH AR LEARE R4 ABR 285 paBHE

FERE RS ABR2ELTS pBRGELERE  BL6
HEg 28 10 pROEAERE BEBAKMEREEGY
ZHBAEREHRE S gl ABEF 100 ug 9B AERRE 5 $h4E
2 5B ] ehEEFE Ao NaBH, (10 mg/ml, 10 pl) #£ &9 & £33
, RIEZIZHRE - B C A SKKS REZaE2 8 ERE
Wi B 1 ABE 100 ug 9B ALRRE R 2 AR HE
1 t4 8% oA NaBH, (10 mg/ml, 10 )i ¢4 B A 2 58 5 w4 3

By 2820 p8ANELLKRE S B4 HHHE2E305
BB AERE AR S AR 2860 24k B ERE -



Relative Fluorescence

300 400 500 600
Wavelength (nm)

Bl 20 : KS4E R &6 % & H,0, @R R EEZ B ARE - tH
B KS4E B4 E G 84© 002%H0, BRAEEHBLARE R
FEA# A & % 35 #4 % > DHL & NAD &4 E % 50 pM > R &
AL Imle REALAREFMIBRE S LEIL - dhi 1
BB EORARR GG R 2 A a1 BB XA A NAD
BB AR Mg R 3 ABFBE 2B E AN DHL £ 6%
G FIGE ) g 4 A 3RS et Bk ML -
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EH,

FAD NAD, H*

Lip(SH) yH

LipS JWH
NADt  NAD? NAD*
FAD | ———» [FAD N~ frapE ) o [FADH
SH *HN,| —~+— |$~ "HN| —~— —~—
. S “HN- S N
S SH s 3
NAD, H* Lip(SH),NH,
FADH,
SH THN
e

21:8 % EH2 f& $1 EH4 &R &) AL B R R FIECRE
( William, C. H., 1995)
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DHL~ ~ -S-S- ~ » FADH ~_ »~ O-form w\' NADH +H'

Active Disui=ce K54
‘ Active Bass Intermediate _
LA « -SH B S- & FAD R-form NAD?T
DIHL: Dihydroiipoamide f
LA: Lipoic acid ‘
R form: reduced form NﬂBl’Id

QO form: oxidized form

22: EF7 FAD #1 NAD 483 4 4] 658 3. B
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NE M 4

Protocol of 1st PCR amplified
(— )Prepare dNTP (2.5mM) Mixture
10 £ 1 dGTP(100mM)
101 dATP(100mM) + 360 1 H,O
10 £1 dTTP(100mM) =400 1 |
10 £ 1 dCTP(100mM)

(=)Prepare Reaction Mixture:

100 11 X n
(1)10 Xreaction buffer 10l nX 10l
(2)dNTP gul nXx8ul
(3)template(E3 1/100 dilute ) 2wl nX2ul
(4)LS( or L1) primer 21l nXxX2pul
(5)H,0 755 ul nXxX755ul
‘(6)Enzyme(Taq Polymerase ) 0.5l nxX05ul -
(7)SDM primer(5’ or 37) 21l ook

Reaction Mixture (n X 8)/n=98( for each )

(=)Thermal Cycle 35 cycles
94°C( 7mins) —p 94°C (1min)—p52°C (1 min)— 72°C (2mins)
—» 72°C(7mins) ~®4°C ()

(w9 )Check 1* PCR products

5u1 Sample + 2 41 Loading Buffer by

2% agarose gel electrophoresis .
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Protocol of purification 1st PCR amplified products
. Ao N 4 1% 8 5% 2 N-butanol( # 400 1), Mix
Centrifuge at 12,000 rpm for | minute.

Discard the supernatant (N-butanol)

BN

Add 50 ¢ I N-butanol, Mix (optimal to condense sample
volume to 20-25 ¢ 1).Centrifuge at 12,000 rpm for 1 minute.
Discard the supernatant (N-butanol)

Add 50 1 chloroform, Mix

Centrifuge at 12,000 rpm for 1 minute

0 3 N

Add 5 1 Loading dye to the supernatant,mix well

and loading to big comb agarose gel

9. Electrophoresis 30 minutes

10.Cut down significant band on gel (contain DNA),
under UV light 365nm, transfer the gel slice to a new
1.5ml eppendort.

11.QIAEX II Agarose Gel Extraction Protocol

12.check purify products(3 ul1) + 2 41 Loading dye

13.Electrophoresis 30 minutes to check recovery rate.

14. Put DNA into -20°C freezer conserve.
SXTBE for 1% agarose gel (20 ml)

(1) Took 0.2 gm agarose powder dissolving in 16ml H,O.

(2) Putted into microwave stove for heating 90 seconds.

(3) Added S X TBE 4ml

(4) Waited the temperature decreasing to optimal ,then
added 20 1 (1000 X ) EtBr (Ethidium Bramide
0.5mg/ml) for fluorescence dye.

(5)Pouring the dissolving agarose gel into pattern box

and stand in room temperature for 1 hour.

® Biggel=40ml Small gel =20 ml
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Protocol of 2nd PCR amplification.
Ist PCR purified products(3’)=»L1 primer(5’)
1st PCR purified products(5’)=>LS primer(3”’)

(— )Prepare Reaction Mixture:

100 u 1 X n
(1)10 X reaction buffer 10 11 nxX 10yl
(2)dNTP o 8 ul nX8ul
(3)template(E3/Sal I 1/100 dilute) 2ul nX2ul
(4)L1( or LS) primer 2ul nXxX2ul
(5)H,0 27.5 1l nXxX27.5ul
(6)Enzyme(Taq Polymerase ) 0.5ul nX0.5ul
(7)1°* PCR purified product 50l oxok

Reaction Mixture (n X 50)/5=50( for each)

(=)Thermal Cycles:

94°C 7mins
94°C 1min
52°C I min }35 cycles
72°C 2mins
72°C 7mins
4°C 0

(=)Check 2nd PCR products
511 Sample + 2 1 Loading Buffer by

2% agarose gel electrophoresis .



Protocol of purification 2nd amplified PCR products
e N 4 4E B2 F& 2 N-butanol( % 400 ¢ 1), Mix

1.
2.

'S

[C ol e Y B AN

9.

Centrifuge at 12,000 rpm for I minute.

Discard the supernatant (N-butanol)

. Add 50 ¢ 1 N-butanol, Mix (optimal to condense sample

volume to 20-25u 1)

Centrifuge at 12,000 rpm for 1 minute.

Discard the supernatant (N-butanol)

Add 50 1 chloroform, Mix

Centrifuge at 12,000 rpm for 1 minute

Add 5 ¢l Loading dye to the supernatant,mix well
and loading té big cdmb agarose gel

Electrophoresis 30 minutes

10.Cut down significant band on gel (contain DNA),

under UV light 365nm, transfer the gel slice to a new

1.5ml eppendorf.

11.QIAEX II Agarose Gel Extraction Protocol

12.check purify products(3 u 1) + 2 £ 1 Loading dye

13.Electrophoresis 30 minutes to check recovery rate.

14.Put DNA into -20°C freezer conserve.
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Buffer preparation
—. for Western blot:

1. SDS-PAGE gel

10% 12.5%
resolving gel |Stacking gel [Resolving gel |[Stacking gel
4ml) (Z2ml) (4ml) (Zmi)
acrylamide-bisacrylamide 1.33 ml 0.25 ml 1.66 ml 0.25ml
(30:0.8)
3M Tris-HCI (pH 8.8)  {0.25 ml . 1.5M Tris:1 ml |---
0.5 M Tris-HCI (pH 6.8) |--- 0.5 ml --- 0.5ml
10 % SDS 0.04 ml 0.02 ml 0.04 ml 0.02 ml
1.5% AP 0.5 ml 0.1 ml 0.5 ml 0.1 ml
d H,0 1.63 ml 1.03 ml 0.79 ml 1.03 ml
TEMED 2 ul 2 ul 2 ul 2l
2. Electro buffer: Tris 3g
glycine 144 g
SDS lg

add dH,O to 1000 ml

3. Sample buffer: Tris-HCI (pH 6.8)
2

% SDS
1.25 M DTT
10 % glycerol

Bromophenol blue

I ml

2 ml

0.5 ml (1/20)

1 ml

0.5 ml (0.002 %)

add H,0 to final volume = 10 ml
(Tris-HCI PH 6.8 A &g stacking gel #9 Tris ,10 % SDS dilute gk 2 % )
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4. Coomassie blue staining solution: (total volume 500 ml )
coomassie blue R250 (0.1%) in water 208 ml
methanol 208 ml
glacial acetic acid 84 ml

= LUE 485

5. Destain solution: Acetic acid 50 ml
methanol 150 ml
dd H,0O 300 mi

6. TBS buffer: 0.5M Tris-HCl1 (PH7.4) 20 ml
(or Tris-HCI 1.33 g)
NaCl 9¢g
add dH,O to 1000 ml

7. Blotting buffer: Tris-HCI 91¢g

glycine 432 ¢
methanol 600 ml
add dH,0O to 3000 ml

8. Substrate solution: 4-chloro-1-napthol (0.06% g/ml) 30mg
= A 10ml nethanol 1¢ /%5 ##
=4 TBS buffer to 50 ml
(=>pa A 20ul H,O, 4 NC paper £ &,)

9. 5x TBE buffer:  Tris 54 g
Boric acid 275¢g
EDTA (0.5M, PH8.0) 20 ml
add dH,0 to 1000 ml
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Protocol of BamH 1 restriction endonuclease digestion

BamH I Recognition Site:

5
3

(110X  BamH I buffer

(2)10 X BSA

(3)H,0

(4)Enzyme( BamH 1)
(5)DNA

Reaction Mixture

(6)37°C water bath 4 ho

... G GATCC LB

... CCTAG G.... 5
20 u 1 X n
2l nx2ul
2ul nXxX2ul
101 nX 10yl
1wl nXxX1ul
501 * % %

(nX 15)/n=15( for each)

urs~over night

(7) 60°C heating 5 minutes to inactivate enzyme .

(8) Check products by agarose gel elsctrophoresis

products(l 1) + 2 1 Loading dye

(9) Use Gel Extraction

digestion products .

Protocol to purify BamH I

Protocol of Sal I restriction endonuclease digestion

Sal I Recognition Site:

57 ...

in ]

J

B

(1)10 X Sal I buffer
(2)10 X BSA

(3)H,0
(4)Enzyme(Sal 1)

(5)DNA

. GTCGA C.... ¥
....C AGCTG .... 5
20t X n

2l nXxX2ul

2 ul nX2ul

10 1 nX 10 ul

1l nX1yul
50l -y

Reaction Mixture (n X 15)/n=15( for each)
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(6)37°C Water Bath 4hrs~over night
(7)check products(l  1)+2 41 Loading dye
(8)60°C 5 mins Enzyme inactive

(9)Purify Sal I Digestion Products Protocol

Protocol of Sal I /BamH I restriction endonuclease digestion

20 11 X n
(1)10X Sal I buffer 2ul nXx2ul
(2)I0 X BSA 2ul nXxX2ul
(3)H,0 Sul nxX9ul
(4)Enzyme(Sal 1) 1wl nx1ul
(5)Enzyme(BamH ) Lul nx1ul
(6)DNA Sul A

Reaction Mixture (n X 15)/n=15( for each)
(7)37°C Water Bath 4hrs~ over night
(8)check products(l uD)+2 ul Loading dye
‘(9)60°C 5 mins enzyme inactive

(10)Purify Sal I /BamH 1 digestion products Protocol

Protocol of purification of Sal I /BamH 1 digestion products

(1) A/w X Sl Loading dye

(2) Loading to big comb agarose gel

(3) Electrophoresis 30 minutes

(4) Cut down significant band on gel (contain DNA),
under UV light 365nm, transfer the gel slice to a
newl.5ml eppendorf

(5)QIAEX II Agarose Gel Extraction Protocol

(6)check purify products(3 u 1) + 2 z1 Loading dye

(7)Electrophoresis 30 mins |
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(8)M AN -20C A R B AR 17

DNA ligation
10 11  Xn
(1)10X T4 DNA buffer(4 ATP) 1yl nx 1yl
(2)Enzyme(74 DNA Ligase) 1l nx1lul
(3)Vector(pQE9/Sal I /BamH 1) 6ul nXxX6pul
(3)Insert(2" or 3" PCR/S/B ) 21l ok

Reaction Mixture (n X 8)/n=8 121 ( for each)
(6) Incubated under 16°C for 4 hours or over night.
(7) 60°C heated 5 minutes to inactive enzyme.

(8) Samples are preserved at -20°C freezer.

Preparation of competent cell

(1) Added 2 ml fresh broth medium (LB, 2YT, TB)
into had been autoclaved clean tube.

(2) Inoculated 200 1 | stocked bacteria Sample into the tube

| contained 2m! fresh LB broth. (the stock sample is Bacterial
solution : 60% Glycerol = 1:1 by volume, mixed and stored
under -707C)

(3) Optionally added optimal antibiotic (JM109 do not need to
added Kanamycin; M15 added 50 ¢ 1 Kanamycin(1/1000
dilution).

(4) Putted it into 37°C rotating incubator for 3 hours or over
night growth. |

(5) Replaced the sample into 200 m1 flask which contained
So ml fresh LB broth medium.

(6) Optionally added optimal antibiotic(JM109 cells do not
need to added Kanamycin; M15 cells needed to add 50 ul
Kamycin (1/1000 dilution))
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(7) 37 Cincubated in rotating incubator 2.5~ 3 hours
( for OD=0.6)
(8) 4°C, centrifuged under 2,500 rpm, 8 minutes.
(9) Discarded the supernatant, collected the pellet .
(10) Added cold CaCl, 25 ml (100 mM), resuspened gently
(11) Putted it in ice bath for 30 minutes
(12) 4°C centrifuged under 2500 rpm for 8 minutes.
(13) Discarded the supernatant, collected the pellet .
(14) Added ‘cold CaCl, 1 or2 mI(100 mM), resuspenved gently
(15) Putted it in ice bath for 30 minutes. .
(16) Added target DNA I or 2 ¢ | into the prepared cells,
then ice bath 30 minutes.
(17) 40°C heat sock 5 minutes and then put into ice bottle
quickly for ice bath 30 minutes.
(18) Take 60 1 1 bacteria broth poured to plate smoothly.
(19) Put the plate into 37°C incubator overnight growth.

Protocol of plasmid DNA transformation

(1)E 10 1 Ligated DNA(Vector-Insert)

(2)Au X 50 1 fresh prepared competent cell(JM109)
(3) Ice Bath 30 minutes

(4)42°C heat shock 3 minutes

(5)Ice Bath S minutes

(6)EB 60 1l & & & LB plate(4 Ampicillin)
(7)37°C incubate over night growth.
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Protocol of plasmid DNA mini-screening

(1) Subcloned clone from transformation plate

(2) Selecting every clone to a grid new plate

(contain Ampicillin) » 37°C incubated for over
night growth.'

(3) Inoculated single clone to new LB broth (2 ml,

contain Ampicillin)

(4) Put broth at 37°C rotator over night growth.

(5) Took the over night growth bacteria broth 50 ;1 +

501 P/C ( Phenol : Chloroform = 1:1)
(6) Vibrating by vortex to mix for 30 seconds, paused
30 seconds, mixing 30 seconds (repeat 2 times).

(7) Centrifuges at 12,000 rpm for 5 minutes.

(8) Took the supernatant 151+ 2 11 Loading dye

for agarose gel electrophoresis.

‘(9) Check electrophoresis result under UV light.

(10) Selected the correct clone which had correct insert
and took the rest over night growth broth for
Minipreps to extracted plasmid DNA.

(11)Check Plasmid DNA(4 1 1)+2 11 Loading dye

(12)Took 4 1 for Sal I /BamH 1 digestion treatment to

check Plasmid DNA even had had correct insert
DNA fragment (Optional)



Wizard plus Minipreps DNA purification system

(1) Preparing 65°C TE buffer(Tris—EDTA).

(2) Took some new Eppendorfs (1.5 ml)

(3) Separating over night growth broth into Eppendorf

(4) Centrifuging at 12,000 rpm for 10 minutes, then

discarded the supernatant.

(5) Added 100 ¢ 1 Resuspend Solution in each Eppendorf.

(6) Added Cell Lysis Solution 100 21 in each tube, then

repeatly invert tube gently. (2 %5 /& %)

(7)Added 100 | Neutralization Solution to each tube, then

repeatly invert tube gently.( £ 3 it 4%)
(8) Centrifuging at 12,000 for 10 minutes, then transfer the
supernantant to a new Eppendorf (volume # 300 g 1)

(9)Added Resin 300 11 to each tube (Gel Bit Solution--

vibration before use) ‘

-(10) Optimal invert the tube some times.

(11) Poured sample into the Syringe Barrel which contained
mini-column, then pushing the solution to flow through
the mini-column |

(12) Added 2 ml Column Wash Solution (alcohol added) and
discarded the flow through.

(13) Spin down 1 minute to discard all alcohol.

(14) Transferred to a new Eppendorf, air dried for 30 minutes

(15) Added 30 121, 65°C TE » spin down 1 min Pooling

(16) Added 30 i1, 65°C TE - spin down 1 min together

(17)Check the DNA with 1% agarose gel (5 ¢l sample +

2 121 Loading dye) '
(18) Agarose Gel Electrophoresis 30 minutes to check.
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(19) Preserved in -20°C freezer .
protocol E3 protein purification:-
(—)Choused one colony of PQE9 E3 from Kana/Amp added Plate,
then inoculated into 2 ml LB broth, 37°C incubated overnight.
( —)Transfer overnight growth sample to 200ml LB broth into 1L flask
37°C incubated 4~5 hours until OD = 0.7
(=ZYAdded IPTG 50 mg and then transfer to 30°C incubator dvernight
growth to induce protein synthesis.
(PY9)Harvest:
(1) Centrifuge under 5000 RPM, #7roter, 4°C, 10 minutes.
(2) Discarded the supernatant, Resuspended the pellet with
PE buffer (note: no NaCl )
(3) Centriﬁlge under 5000 RPM , 4°C, 10 minutes two times.
(4) Discarded the supernatént, Resuspended the pellet with PE
buffer (note: 50 mM KH,PO, PHS; 0.25 mM EDTA ; no
NaCl )to final volume 5 ml. Added 1ysdzyme 50 mg/5ml
sample , reactionl hour in ice bath.
(5) Sonication 20 min (beat 10 sec / pause 5 sec) in ice bath.
(6) Liquid Nitrogen frizzed 2 times
(7)Centrifuge under 16000 RPM for 10 minutes 2 times,
collect the supernatant and transfer to new tube.
(#1)Prepare Nickle Column:
(1) Setup the column station
(2) added 1 ml Sepharose resin to column
(3) use water equilibrium (10~20 ml)
(4) added NiSO, (0.25 M) 2 ml
(5) d,H,0 wash (10~20 ml)
(6) PEN buffer wash (50 mM KH,PO,, PH=8; 0.25 mM EDTA
; 100 mM NaCl)



(7) Retained the supernatant 20 ul for SDS PAGE, the rest apply
to Ni-column
(8) Collection the flow through
(9) PEN 2ml wash
(10) 5mM Imidazole 2 ml (stock in PEN Sml), collect the flow
through in 2 eppendorf 1ml for each other. |
(11) 10mM Imidazole(repeat this step to 100 mM Imidazole)
(each tube retained Sul for SDS page)
© # OD280 %% @ & OD450 & X
() Dialysis:
(1) Collection the 30 mM~60mM fraction to dialysis in PEN buffer
(each 4 hours changes the buffer, changes buffer 2 times)
(2) Centrifuge under 16000RPM for 20 minutes. Retained the
supernatant
(3) @ Fluorescence assay (Exi: 296nm, Emi:300-570)
@ OD Scanning (230~600nm)
@ Protein Conc.
Specific Activity:(sk-ks=14%)

(4) take 0.25mg/ml protein heating 5 min, centrifuge 5 min in

eppendorf, collected the supernatant to check FAD contain
change or not after boiling treatment( 370 nm Excit, 400-570
nm Emmision)
(=)Specific activity assay.
(A): prepared enzyme=100ug/ml ( acéording to protein Conc.)
eg: SK-KS Conc.=0.305mg/ml = En + assay buffer
=100 ug En/ml ; 66ul + 134ul =200 ul
(B):Assay Buffer: per 20ml
0.1 M KPO4 PH=8 10ml
0.IMEDTA PH=8 0.3ml
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d,H,0 9.7ml
(C): NAD: 10mg/ml (dissolved in PE buffer)
(D): Assay Mixture:

assay buffer: 895ul ~ 845ul
NAD (10mg/ml) 100ul ~ 100 ul
Enzyme (100 ug/ml) S5ul ~ 50 ul
DHL (25 ug/ml) Sul ~ 5 ul
total volume = 1000ul ~ 1000 ul

Specific Activity =A OD x 1000 x 1000 <622 +VxY
V = Enzyme volume used in assay
Y = Enzyme diluted times
A OD [0 0.02 ~ 0.08 Z IS £HISHT A OD K 12 0.08 &I
JHI enzyme HifE
(E): Specific Activity assayed by Hitachi U-3000
mode: time scan
Wavelength: 340 nm
Scan time: 90 Sec
Light sourse: D2 lamp
Output interval: 10 Sec.
(#.):Protein Concentration Assay.
(A): Scaned by Hitachi U-3000; 595 nm
(B): Set standard:
BSA (lug/lul):  Oul  5Sul 10ul  15ul
Assay Buffer: 800ul 795ul  790ul 785 ul

Bio dye : 200ul 200ul  200ul 200 ul

total volume = 1000 ul

(C): Sample : 5ul 10 ul 15 ul
Assay Buffer: 795 ul 790 ul 785 ul
Bio dye : 200 ul 200ul 200 ul
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total = 1000 ul
(- FAD conccentration assay :
( A) : Scan at Hitachi U-3000; WL= 450 nm
(B) : Sample : S0ug 100ug 250 ug
Assay Bufer:
total volume = 1000 ul

PS: According to protein Conc. to take sample volume .

Physical-chemistry characteristics
1:FAD + H, = FADH,

The FAD has an emission fluorescence photometry

pattern at 480 nm ~550 nm after E3 was excited by 296 nm
2:NAD + H,= NADH+ H"

The NADH" has an emission fluorescence photometry

pattern at 460 nm after E3 was excited by 296 nm.

Fluorescence analysis
F-4500 Scan Parameters:

Scan Mode: Emissionr

Data Mode: Fluorescence

Scan Speed: 240 (nm/min)
Exiting Wavelength: 296 nm
Emission Start WL: 300 nm
Emission End WL: 570 nm
Exiting Slit: 2.5 mm

Emission Slit: 5.0 mm

76



Enzyme Kinetic Study
(—) Reagent |
DHL(Dihydrolipoamide) /Dissolved in 95%Alcohol
41.15 mg/ml = 200mM (stock)
LA(Lipoic Acid) /Dissolved in 95%Alcohol
20.6 mg /ml = 100 mM(stock)
NAD / Dissolved in assay buffer
66.34 mg/ml = 100mM (stock)
NADH / Dissolved in assay buffer
71 mg /ml = 100mM (stock)
(Z) Assay Buffer
0.IM KH,PO, PH=8 10 ml
0.IMEDTA PH=7 0.3ml
d,H,0 9.7ml
total = 20 ml

(=)Assay Mixture: Enzyme, DHL, NAD /ml

(a) Protein Concentration fixed (exp:10pg per assay)
DHL:0.1;0.15;02:;03:1.0;3.0;:6.0mM
NAD:0.1;0.15:02;03:1.0;3.0:6.0mM
total = 49 reactions

(b) Protein Concentration fixed (exp:10ug per assay)
LA :01;015:02:;03:1.0:3.0;6.0mM
NADH:0.1;0.15;0.2;0.3;1.0;3.0;6.0mM

total = 49 reactions for example:

DHL:0.1;0.15:;02;03;1.0;3.0:6.0mM
0.1mM

NAD:0.1;0.15:02:;03:10:3.0:6.0mM

assay buffer Enzyme NAD(10mM) DHL

970ul 10ul 10pd 10ul

965ul 10ul 10ul 15ul | 10mM
960ul 10pd 10ul 20ul

950l 10ud 10l 30ud

970ul 10pld 10pd 10ul §

960l 1oud 10ul 20ul > 100mM
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950ul 10pl 10ul 30ul
Protocol of HPLC procedure for Mono-Q column
. pump power on
.manual set: 3% enter E4EA E5 2 EE (B% -~ C%
_flow rate ~ max pressure: ##, column M &)
.degas: # & T & 2 & 4nx #H B = purge on = pump on

A A~ B~ C =4 buffer £ 5.8 -

.pump off ~ purge off DM HR T Fx Mén M BB FEHE =
5. % set program: 3% & time = B %= C % = flow rate (ml/min)
3% 5T program 3% escape |
4 column: 4% Manual set: #4% d,H,0 (& % & C buffer) -
flow rate: 0.5ml/min’ & £ column =14 d,H,0 F#7 2 x V of column
.detector on = PC on = key in “DM” or “HM” |
.select method =F3 (acquire data) = loading sample

.start run

4% HPLC (#10) = raw data ##34 g% ASCII #%

click main menu

=> F4 (re-proc. data) = F5 (convert data)

= EE IR E(R E)%4, click F4 (select file)

= F3 (select one) = Esc

= F7 (creat raw data) pb 8% % 3 & 37, xxxx. RW1 has been created.

= Esc = Esc (main menu) = F6 (main utility)

= F3 (ASCII utility) = F2 (convert raw data)

= F1 (raw data files): =] & &.#% created 945 £ R 5.

= F1 (load file) = F2 (selectall): z{Eik % 5 & file
name

= F5 (convert choms) = Esc = Esc = Esc

= F6 (ASCII raw data)
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= EIEE 4 file % & click FS (copy to flopy)
F4500-fluorescence scan file
converted to ASCII file
(—) Coverted . fsd file to . dx on F4500 server.
(=) Import ASCII file to Origin program.
Start Origin program =2 File => New
- Worksheet =>» File => Import
=> file type 3%. dat change to *k. dx, select A
or B floppy driver => select file want to import
-> delete rawl~raw6 =» File => Save as . org
(=) Append >¢. org files to a total worksheet
File = Open = select one >¢.org file =» Column
= add new column (add optimal columns) =» File
=> Append =2 select one file want to be appended
=> mark column want to Append ~» Edit = Copy
=> close file =» mark column want to paste =» Edit
=>Paste
(=) Plot a figure
Plot=>» Scatter = select X Column and Y Column
-2 OK |
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