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Abstract

Leucine aminopeptidases (LAPs) are exopeptidases that remove the
N-terminal [-leucine from peptide substrates. For expression of Bacillus
stearothermophilus NCIB 8924 leucine aminopeptidase II (LAP II) in
Escherichia coli regulated by a T5 promoter, the gene was amplified by
polymerase chain reaction and cloned into expression vector pQE-32 to
generate pQE-LAPII.  The Hiss-tagged enzyme was overexpressed in
[PTG-induced E. coli M15 (pQE-LAPII) as a soluble protein and was purified
to homogeneity by nickel-chelate chromatography to a specific activity of 425
U/mg protein with a final yield of 76%. The subunit molecular mass of the
purified protein was estimated to be 44.5 kDa by SDS-PAGE. The
temperature and pH optima for the purified protein were 60°C and 8.0,
respectively. Under optimal condition, the purified enzyme showed a marked
preference for Leu-p-nitroanilide, followed by Arg- and Lys-derivatives. The
Hise-tagged enzyme was stimulated by Co'” ions, but was strongly inhibited by
Cu™” and Hg™ and by the chelating agents, DTT and EDTA. The
EDTA-treated enzyme could be reactivated with Co™ ions, indicating it is a
cobalt-dependent exopeptidase. ~ Taking the biochemical characteristics
together, we found that the recombinant LAPII (rLAPII) exhibits significant
similarities from those properties described for the native enzyme.

Oxidative stability assay showed that the rLAPII was sensitive to
oxidative damage by hydrogen peroxide at the elevated temperature. The
H,0,-treated enzyme experienced obvious changes in the secondary structure
when the oxidant concentration increased to 300 mM. To investigate the role
of methionine residues on the oxidative inactivation, each of the five
methionine residues in the rLAPII was replaced with leucine by site-directed

mutagenesis. The mutant enzymes with an apparent M, of approximately 44.5



kDa. The specific activities for Met82Leu, Met88Leu, Met254Leu, and
Met382Leu were similar to that of the wild-type enzyme, whereas a reduced
activity was observed in Metl36Leu. The 50% decrease in the catalytic
efficiency (k../Kn) for Metl36Leu was caused by 47% decrease in k., value.
As compared with the wild-type enzyme, all mutant proteins were more
sensitive to the oxidant, implying that the methionine residues of B.
stearothermophilus LAP II are important for the protection of the enzyme from
oxidative inactivation.

Metallopeptidases form the most diverse of the catalytic types of
peptidases, about 33 families being recognized. LAP is a member of family
M29 of metallopeptidases, and the metal-binding residues remain unknown.
In order to identify the Co*'-binding domain, we performed the alignment of
amino acid sequence of LAPs from different microorganisms to determine the
conserved amino acid residues, which might be essential for enzyme activity.
The conserved amino acid residues of rLAPII include Asp-61, Asp-180,
Asp-308, Asp-339, Asp-380, Asp-391, Asp-396, His-191, His-227, His-345 and
His-378 were changed by site-directed mutagenesis. Replacement of 7 Asp
residues with Ala and 4 His residues with Leu. There is no enzymatic activity
were detected in Asp380Ala, His345Leu and His378Leu. Co”" affinity of
Asp61Ala was decreased obviously. The K., values for the other mutants
were increased more than 30% by comparison with wild-type enzyme. The
ke values for Asp391Ala, Asp396Ala, Hisl91Leu and His227Leu were
increased, while k. decreased 40 to 60%for Asp339Ala, Asp6lAla and
Asp308Ala. The 83% decreased in the catalytic efficiency (k../K.) for
Asp61Ala and the 70% decreased was exhibited by Asp308Ala and Asp339Ala.
Alterations in Asp-180, Asp-391, Asp-396, His-191 and His-227 did not cause a
significant difference on the catalytic efficiency. The EDTA-treated enzyme
experienced obvious reactivation in the wild-type, Asp180Ala, Asp308Ala,

9



Asp339Ala, Asp391Ala, Asp396Ala, His191Leu and His227Leu by CoCl,
addition.  The significant reactivation of EDTA-treated Asp61Glu was
observed, while the reactivation of EDTA-treated Asp61Ala was feebly.
Moreover, apo-Asp380Ala, apo-His345Leu, apo-His345Arg, apo-His378Leu
and apo-His378Arg could not restore the LAP activity by CoCl, addition.
Based on these results, it is suggested that the carboxyl group of Asp-61 may be
play an important role in cobalt-binding, while Asp-380, His-345 and His-378

were the putative essential residues for enzyme structure.
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THAREZIRERE - ZERFHR TR0 Feanp LT AL R Fa

=R A A R SR A R I TR DR Ll (i

v A fE T ALA AH (1) p+#  (endopeptidase) @ &_jE F-v
TRt GeFElaorkfE @¥@FrEcs3+Ea AP 4o
pepsin ~ trypsin ~ chymotrypsin % rennin ¥ 32§ L 5F o (2) oh

(exopeptidase) : B Hj& 3-v F ANzt CH:8 73 4 G F A
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PR PR RS- S AR AP (Rao et al. 1998) - — 4@ 35 > F-v

Frenk iz > 5 &£ Z.5 endopeptidase -k f& = /] & E R
exopeptidase "k fF = L -] e fLfho moEr g S R T A

KRR A - Azt 2 F o R oK iR E AR iR R BT K A e

pE R TR iR BpE R (S ’#i,"jtﬁ b MR ORR o
Clemente % 4 (1999)4 * poEr e o R T R EHRE
Boi JURfRE R ALY R GRKRE T 20%0 1 P B4

o KRI AR RS E 50% -

#t ?b > Exopeptidase * ¥ 4 5 ¢ ESGLITAEHE C 22 47 B S
carboxypeptidase ° +4- carboxypeptidase A -~ carboxypeptidase B %
carboxypeptidase Y % ; K _ F T S N =3 2 4 L H
aminopeptidase > 4 leucine aminopeptidase (LAP) % proline aminopeptidase

% (Chao et al. 2000) -

2. Fv A fE hA ILH G

v AR AATIEY 2 B RE PRFFLL LS (Rao et al
1998) » # ™~ d-i Frensfz ~ w R E e 2 R AES  mRP] AR
FVEARHLF o RFR Foa A b TR B 1) &

N TR

o A fR PR FRER o e FEMAUEE A S E &L
L@l FE S - 1995 1996 # Goldfrey o West ehsizt » 23k 1 £ % % en
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He- 2877 tRE~>HEY Fo 2 fF TR 60% 2% 0 85
AEORIARMEE S > Fd FE2HE LR AREDE RS A o d
Fib AR R B TP R RA AR o A R 4T
A Rehkd FEZH AR > B E foimfp o B 0 3F S A
LA g S N o B FREARY o d A P Ta Rl AR 2

PH BT AR R FAESE G ¢ R E Z i e A

Ao inH P gk AL PREOE RSN L hedpgz o

w®

BERASREGGET  FRF TNk T B E R WL

=

FOOAFRE hE 2 o fIr R AR kSRR PR AN AE AR PR
S AR RAR S o AF G B SUE EE RO A Al 2 B o

B0 PEERCORfEF Y 23 FURARESELS S E A Ea o
PERESRLF RGO o 0 WHRDRAMIR &5 hE o 2 g
2 e Fd FEEA KRS ST B350 G 0 s AEF R ATET hit &
GRS EEAFEAS EBFALE B ERHGE T 02 55 F
FAR AR ARE AR ASTERIRARRLE C ERIETRELE K

IR E 0 2R F S LR ¥ (Clemente, 2000)

AfEl 2 A ARFAFEN - AL e N V-
Pl G EER-KfRen= 3 o U Eeh3 58 pang P E L2 ARFHE S

2o PEE 2T AApERAA AT N FiTERERIF o Rt F R
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BIE-fRihe PHEEXZFERY G WAH REDFHE 2 HR
Frf o e S LRI FARN P EILE A E B RE ey Y
Fealli Radl Gk o fEE A3 BRAY oy Az 2P
B AREME X AER S LR RS S E PR LR (Gill
etal,1996) c 7 i » f* R chd-o Al > \5d RKfRfEZ > K2 A3 § =
h2d pE it RSN Sl SRR R 2 S
THRBSFLEFORMEZG S I A3 A R E PRI E LTI R R

o e Fen Feoveflp R R 2 PR A Ffedkiy o

T N N A A AT PSS
FoA RV ALFFE FURE A GREE CEEABEE ]
el };[ =] I}I ?{‘F}%’F'" Sy el v ERR NEE NN ’lf?%

%1 % %4 (Gilletal., 1996 ) -

4. EFrR EES “,f

ErR A& Ed poRERAR AT e S s [T A1 5483
(secondary butyl alcohol ~ aqueous ethanol ¢ aqueous isopropranol) (Lalasidis,
1978) » 11 2 gr-R 1% * ek 452 (hydrophobic interaction chromatography)
B-5 ek TPk oo pteb s 5 A 1% exopeptidase 2 GlEE I SR
Z vk o B % B P54 on e ]k B (arginine ~ lysine -~ histidine ~ tyrosine ~
phenylalanine ~ leucine & glutamine)# v 7 o F|pt jiip| » 2 "% 4 Bhongd %

Ak T MY FoRfER ER A 4 (Ney and Retzlaff, 1985)( L 7 B
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- )e+ 3 *4|* aminopeptidase P #-= vk f1proline *7 % » 11 4 i fik -
v oK 2% ¢ ehs ek (McDonnell et al, 1997) o d *% leucine € g = 5
PR @ 2 % leucine 3% HELPE G AL R ahEek o Tt A1 By
leucine aminopeptidase & {£ 02 % > K3 g e ok fRR P hEeR
(Minamiura ef al., 1972 ; Tan et al., 1993) » A &k . 8 Fie 1 F&J2 + > vk
R ",érf » MR AT fEE eh 2 0 3 B M (specific) "f i e
AL~k M= e e proline o F]pt o P owv A & 07 @,Tf‘u{ﬁiﬁ Lif e E

LTSy TR

= ~ Bacillus stearothermophilus

5 & 1940 # fléfj.%’ﬁ F 3 F&é*‘:?‘“%’%ﬁi B0 A fE T IFEL 0@ B
stearothermophilus » 11 H F]FE B2 FHEA B X %‘fi’ AT Y o p 1957 #
O’Brien §= Leon Campbell = * % % B. stearothermophilus 2. ¥-v %~ &

s B kA Afgn A2 TAETH RS A > P R TS RO

\H

¥} o Zuber {r Roncari ** 1967 & 7% # 31]5 41 B. stearothermophilus ¥ # *
L FE M =i ¢k (aminopeptidase) » 4~ W E_AP I+ AP II §r
APII o B ¢ AP chmf#u it $ds » B if 80°C » pL %% ot im i 0ot » 5 0
# % -0 ih— fd o 1969 & > Zuber - Roncari ** p B. stearothermophilus *©

AT APT S {4F 2t st S chdh (L B 0 APT chA 3 B B i 400 kD -
d 12 BEF afeB A A0 eht H TS o M AP TP 42+ 4

7' 1973 & Stoll F A& AP I H e N B 7] Sy s my
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APII ¥ 2 &5 @ 4p b {2 AP Il 4= AP III % M2 B p & L G 4| B
HEE o gt AP 2 %]d 23 & 5 46 kD 2 47.5kD en=x H i+

“35 & EERY B (Stoll er al., 1976) -

= ~ Leucine aminopeptidases (LAPs)

B S BjE MnE 2 e M IET FREEREE M ]S
(Midorikawa et al., 1998)> & ¢ 12 leucine aminopeptidases (LAPs; EC 3.4.11.1)
BALom 3 BAERKSH il & &2 (bovine lens aminopeptidase)#s
7 7R B > (Melbye and Carpenter, 1971; Lasch et al., 1973; Kim and
Lipscomb, 1994) o & 4 482 4 & it # 7 4p ) LAPs & kAt 3iF &
& th % 4 (Beninga et al., 1998) ; ¢+ ¢t » LAPs ic iBi&fwd &~ mbe ¥ > 7]

BE RS PURRE L L e P hE 0 A & B PRk (Mow et al.,

2001) o #e £ % FE e d ERBF RE Y Rl DH e p 2 e eh

LAPs /&Fitdia— i A keng > 4% LAPs 7 av & HIV 5 Hp g 41 -EJ»EE’::}P%'%‘
T4 3 Mo Flet g 4v > LAPs e | bestatin BF > g ] '% i< 1 HIV

ke % w4 (Pulido-Cejudo et al., 1997) o F 2 & 2 6 77 7 &+ LAPs ehi®
* A H R A E D Y ¥4k € & - Tk (Rhoads and Fetterer, 1998) o % *

His LAPs ad ) 2. 4 B Py 7 P Fg o

1345 Gonzales - Robert-Baudouy (1996) 7 i £ 32 102 f8kw
ARk ekt ¢ G 47%A_H f8(monomer) A 0 < FRET A L

3|50 o H s 53%R) G4 & M (multimen) B> W HK d 2B ~4 B 6 Bip
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et H moridsma ) HY Lk JF‘f - &_Mycoplasma salivarium
79 APMy % d 46 fc 50 kDa & % ¢ = -] enH #8 % & @ = (Shibata and
Watanabe, 1970); ¥ - BEd 12 B+ ] 2 >24pF 36 kDa=tH =2 4@
= 1 B. stearothermophilus AP 1> © & - i 400 kDa =7+ 4 3+ f% % (Roncari
and Zuber, 1969 ; Stoll et al., 1972) -

TEKRGF MR il R LEFRTHRLREE 2
(Yoshimoto et al., 1993; Conlin et al., 1994; Mitsou et al., 1994) - 3 & Bz
&7 H o= &2 8 54 (three-dimensional structure) B & %= = f#47 » @

# L E coli en? pii=fitr 2]  (methionine aminopeptidase) (Roderick and

Matthews,1988) ~ = p% -k fp %8 ek 27 2] (Burley et al,1990)4v
Aeromonas proteolytica =9 sl 22 3] (Schalk et al., 1992)% - A 5 % K
AR 2 e A ook i i A H hEHRFGE R A

Lys-250 ~ Asp-255 ~ Asp-273 ~ Asp-332 % Glu-334 (Burley et al., 1992; Taylor,
1993b; Strater and Lipscomb, 1995) ; & & 4wt > 75 37 % e S 1| I

S F

T~ BF P EHBRRLELESF

IR fEE AT 1A % % 14 pd L (reactive hydroxyl radicals)z.
& & v § v % % (metal-catalyzed oxidative system) ¥ #- % 3 5 4
(Stadtman, 1993) > @ ¥ 3 2 ¥ i* £ g2 =¥ % k9 F Hlysine ~ cysteine fr

methionine % #¥ # (Vogt, 1995) - Methionine 2_ ¥ i* 5 p 2 {4 (endogenous) &
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BB ALY PR TR A Y FE E 2 £ & F 1A (Stadtman, 1992) -
methionine 7% A ¥ AL ¥ i & ¥ * = methionine sulfoxide 2 &~ & { I 7l
7% T % = methionine sulfone (2 ¥ ] = ) - 4% # 45 I » 82 7% methionine
AR F CHEEE I TG B (Keck, 1996)0 @ { 5 ERE T A AZ
FILEERIY A2 EM(Tehetal, 1987) » bl4ck p Bacillus sp. (Hayes
et al., 1998)¢1 acid-soluble spore proteins > 14 % Rhodospirillum rubrum &
light-harvesting complex (Wang et al., 2001)% > # methionine 7 2L % - 2_
6 B9 WE& AL FEM o A s F Fli methionine & & 7 3o F4 @
P H 4 0 B 4e Trichoderma reesei (Kachurin et al, 1995) &
a-galactosidase » & Jﬂz 4o ap-plasmin inhibitor & 5542 B 3L P AT
% (Johnson and Travis, 1979) ° 7 7 B o7 #- methionine 7% A " ¥+ 3 4 B
F oAt IR B s B OB 4 B B endag 1|2 5 Bi4e subtilisn (Bott ef
al., 1988; Estell et al., 1985)~a,-antitrypsin (Rosenberg et al., 1984) %2 D-amino
acid oxidase (Ju et al., 2000) - F]}* > Torben & * (1995)% 1 * & = % %
;9 :x % B. licheniformis o-73|#k# = ¥ methionine #% £ > % % % |

Met197Leu % & thitif ¥ & 2 e F - D pE R B2 RS Hi 4 o

T ~ ;}e»ﬁ,lc‘zggz{tl ad v kRt
F % (Raman)k 3 F_F R >0k crfghdm ig = co § » SR AR ITIS I &
FAH 0 A TFE M ENTBEADTH AT AL DT F T E

MR E o LT IEF Sl 4T F kPR > A2 ERTTAE
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(electric moment) > #& i 17 + 5 3B B ATOR IR > THLE R KR o 4
IR T e 5 = fE - GEPATE HAR S & o~ Sk dp X 45 5 3 % (Rayleigh)
FObE 5 o RO S b iRk o B ACRIE S M M Bk LE R4 g
% (Stokes Raman)c#t; = | B #4F & ez sl 3004 > B $00HE 5 3 0 »~ Sk
f s F -2 42 5§ (anti-Stokes Raman)#z #f(Freeman, 1974) -

AN T 0 R AR RE A AP g LA
BT ok rl R oSt o o B Bk F ARk Bk K tow S X F L o & B
kv R G R kg FR v ek FAAM AP FFE 2 2 &
Eden> PFRZERIAB LT F 7 Pl BATHA L o F 2 AR5 |
PFo xRS ETERESAF A FIEAPRY o oA L S foehE Xk
ST F A TR o TR e AR A B VPR o AR R R AT

CRER ST TN R ETLE T RE S RS L ST
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=
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LR SO LR B R RS Rt o

FE G E R KT AR LT A 1 G § (T, 1982) - H
Fpag ety Ty ~PRE-PR R gk it £
%+ B3 2% (carotenoid) ~ § % (flavin)¥? £ 3+ 24 ¥ chd & 5 o ¥4
Ao AR RF RS S R A DL R ¥ LT & S
A Y & e ek R T AR R Fe o
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H,C
CH,CH,COO) ; 2)%#+ks Jh 4 » 4e e 8 952k (histidine, ; )i 3yl

H,C

FL 28 4o d =fL (tryptophan, ) A)ELEE AR > 4oL Bk sefg (Cysteine,

NH
CH,SH) ; S)Frpfhag » 4o ? pidefs (CH,CH,SCH;) 5 6)55 A a8 0 4o b ikl
(serine, CH,OH) -~ fi* %% f& (threonine, CH(CH;)OH) {v fiz %% f& (tyrosine,
CH,-C¢H4-OH) % (Glusker, 1991) ° %t Bl = 14 Streptomyces griseus AP &5 14

Pou b AR XA RRfeARiRR Y BLenEh gl 2 Jn mOREL atieedk 2L

n'n-

SR RET R E RS- BE BAP S iAo A 2 BAET 2
# e 4 (ligands) 3 & 15 > FIUTR £ e BCD § 2GS LB B T

= N (He et al., 1990)(*it Bz ) o

2. &% w3 B s VA Y
b R RG] B A L8 BRAIRE o v PSR
& % 33 1B 7% (families) (Barrett, 1994) > ¥ i B 5 MI~M33 - # @ 17 B 7_
LR CL2BREL e o2 IRREGET S AP
o thar oAz L Bt £ £ - £ His-Glu-Xaa-Xaa-His (HEXXH)

cF i B (motif) 0 AR B AEZ ch X KR AR B o B RS Zn®

4y
ik
g
ﬁ

\

4 =¥ - WA o 1995 & > Rawlings v Barrett & 4 * #-33 B 2%

\-H>

RH B LS L o A R A 5 T F(groups) ¢ 1) £ 3 HEXXH
+E (glutamic acid 3 Zn*'#5 & & énfie 2 40)e05 i % 0 4o M4~ M5
M13 ~ M1 o M2 % 2% ; 2)% 3 HEXXH-+H (histidine 5 Zn’ 28¢5 % &

21



e ) L R F 0 4o MI2 - M0 ~ ML e M7 # 325 5 3)H # &5

\

HEXXH # it % » e 3 F ¥ Zn®' 4¢3 % & e 4% > 4o M3 ~ M6 ~ M8 ~
MO ~ M31 ~ M26 ~ M27 ~ M30 4r M32 % 3% ; 4)% &3 HEXXH # i % >
oo o B & BT & PP R E > do M16 ~ M14 ~ M15 ~ M17 = M24
BRE S A G LRGN £ BT B L il E > o MIS
M19 ~ M20 ~ M22 ~ M23 ~ M25 ~ M28 ~ M29 4= M33 % 328 o d }t ¥ &>
Zn” iR g A FEE ik et BB % > 1994 # Hooper P8 7 3R 24 ¢ { 4= pL 4

fi$ % # % Zincins

3. Aminopeptidase T }23%

1245 1997 £ Motoshima % A ¥} B. stearothermophilus 1 API1~Thermus
aquaticus ¢ aminopeptidase T (#§ # AP-T)% T. thermophilus HB8 1
aminopeptidase Th (#§ # AP-Th)2 & 7[+v* ¥t 1 ({1 ®Z ) > AP Th & AP T
b N e B 7] § 84%:hdp iult s @ AP 1122 AP T 0|3 43%:h4p
i > 3R = fEFE R BF 5+ Aminopeptidase-T 72% > ff - AP-T 72% -
fi {5 Rawlings f= Barrett = % @& H @it s p Rept R2%7| 5 £ £ @ 0
M29 #2% o I pF ik J5 22 leucyl aminopeptidase R2%E/E MY &2 K 7 4o
# M 2t #- AP-T 25741 5 leucyl aminopeptidase 2% = fi 2 — = 1999
# Fernandez-Espla v Rul <% 3 35 41 » Streptococcus thermophilus £ PepS
2 APII & 5 43%4p i & > 22 AP-T 5 41%4p i & > & AP-Th 5 40%¢4p

R > @ 22 B.subtilis 0 APS R 5 50%+<4p 00 R o Bv e C #7005
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("B~ ) IR 0 S, thermophilus =1 PepS 22 APII ~ APS 11 2 AP-T Zf¢% 2
3 B AP0 > Fl - S, thermophilus 5 PepS » EF Bt AP-T 72% ; e % &
%3 S. thermophilus 5 PepS 7| % leucyl aminopeptidase 724 = f - # %

Pan ik o BEARFR MO R criE LA R i ded s > e Hr £ R

goenpe mRDRABA R G FE- HRF o

4. 45-F-9 ' (cobalt proteins)

1999 # > Kobayashi f= Shimizu & 4 & ¥t45-F-v F LI - IR L >
A p e g & CoUHET (TR W R A chmERE AT 1 E coli b
methionine aminopeptidase &+ B =t ¥ = & 2 B Co™ &+ ~ Pyrococcus
furiosus 0 prolidase # B=x ¥ =% & 1 3 2 # Co” #t3 ~ Rhodococcus sp.
R312 ¢ nitrile hydratase % B o = & =% & 1 % Co™ 43 12 %2 B
stearothermophilus 0 APIl & B ¥ =% & 2 B Co™ 33+ % o "t Bl = BT
E. coli < methionine aminopeptidase ' Asp97 ~ Aspl08 ~ His171 ~ Glu204
1o Glu235 % A& fehd 4827 2 [ Co” 3+ % & >R sp. R312 shnitrile hydratase

B 12 Cys102 ~ Cys105 ~ Cys107 v Serl06 % 7% 4 chs 47 1 B Co*'ag 3+ &

- BERELPHIAY
Fed ehigic (5% 3 8 £ &% BRAEIRAR L4878 chis b P g g
SR MERARA AT REEAS B P FELEF o & 1970
ERAEE £ RN R L PR § S S SR IR S Rl A
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Fl o T AAFEERDCE G T A A BN FP Ak
ERA G A oEpp R D pEE R P o i 4R ALk A 3 (Peracchi,
2001) - 1987 & > Kunkel & A 3% ) 2 3% %2 > H RIL I B2 2 4 o=
ABAACAFRR T AL FhF Lme P 2 FAFLI - B/ Nk
(E YIRS BT EE TP E S Tl S AN 11
a A 2 FEERLARA DR ¢ BARF IS F A D
p2as ;E ¢ o

b R AT RBIE AR R L LA LA S EE bl
do X K E 5 fE47 SNMR A 4701 2 R RAFTE o @ ¥ A UEER-X TAf 6
P2 -2 R Mdrd|RAF & 82 cnd K87 X RIS [E4T b4 E. coli
11 methionine aminopeptidase (Roderick and Matthews,1988) ~ = p% -k §; #8 e
leucine aminopeptidase (Burley et al.,1990)4r A. proteolytica L |

(Schalk et al., 1992) % -

AN gﬁ@pi—%@

P - ~ & % B. stearothermophilus v "=f& il o= §43
Z %N L

d @RS R Fen? R E X R LB G

1'13

B F AT A A RSE 58 B stearothermophilus v L gl 4 3
I & %) lap 1 76> pQE-32 4 AYH + » pQE-32 4 % 528t E. coli fm

PPN ETATER E E T 4R E F OB ok Sz - c I EME -
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Z lac # 1T+ B2 TS5 feds+ fod =~ B histidine 2 2. &M E = %k
%jﬂ%ﬁ—ﬁ@uNFNﬂﬁﬁQﬁﬂgﬁﬁéEﬁﬁ@?@ﬂﬁmmm
 E. coli MI15 fmPe h £ ILPF > P& 4533 IPTG 2 i )k B 22 5 1 3 1708

e3E H TR o

20

~ & 8 B. stearothermophilus v "<& e 57 3

I chs 3 A 45
AxSEe e s ARG > Mg ApE A P HFEOST 0 ¢ R

=4

v ’Fﬁﬁ”i{‘}ﬂ‘(/}ﬂ}’? ~ m‘—:% ,«é,,]v_}_g\ Iiﬁ"ﬁxiﬁ,/ﬂ}i . §7~1§, pH @ %&%# 'H_
SATILE D e e 2

A B

% ¢ 7 fiiifi(methionine)# A T IR P EHESF L 3 2 ot

v B 47 18 ehE B B stearothermophilus 6 PRp&

L
B MAarPFERDES 4 aJ22 2R ERTOEELR 4 B UPE
SOt L

SFHRET R o gh 0 I T BER S N R HREE 2

methionine 7 & ° & 457 Met82 ~ Met88 ~ Met136 ~ Met254 2 Met382 ¥ 7

Bieg o b AR B R A AL LR BT L furd

PAEr ~ ¥E24 X P % Bi(aspartic acid)?A 2L A AE 2 2 L (T* P R F g d

it

% f* % fh(aspartic acid)z Fhent 4aF)H § S A b & HYS A e
@ H o v d] Gy R o MARAAEZFLCNEIRFE
B & d o F)Pt > KFT T BE T Asp6l ~ Aspl80 ~ Asp308 ~ Asp339 ~ Asp380 »
Asp391 fr Asp396 & = A ALEBFTRE > THEZ R

= Zo R

REFEFFE £
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BEEME B4 B 2 BcE o7 UEFET X P % fh(aspartic acid)Z A A fiE 2

IR P P Eehh d o

P T ~ FFatd %‘« ik (histidine) 7% JE B ¥ 2 2 it (8% ¢ ek 4
e & vepg (histidine) £ 4& en%eed A (imidazole) & fif % i& {7 L1C T % P& >
L3 nimlfensay 0 BFF A pHT7O0RF®T Z R Lodg LR R
EiEE RC R PR AR oo Flpt o AR Y KR 2 Hislol -
His227 ~His345 fc His378 % v BARA AR TR ¥ »TH 2 RYME R LA F
M EEBMEE B B LBE ST R % 1 (histidine) 7% fk % fi%

22 L IER P Rk 4 o
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HL g i

- grr,‘;.

Luria-Bertani (LB)#2 % £ = & ¢ & yeast extract ~ peptone -~ tryptone %
agar & 32 % Difco = # (Michigan, USA)eh & & o ¥ 3% % (agarose) Fi p
Vegonia = # (Morehovelly, USA)>Ni-NTA agarose £ p Qiagen Inc. (Valencia,
CA) - Polyacrylamide electrophoresis #7 i¢ * 138 %] > 4 acrylamide ~
ammonium persulfate 2 TEMED Pt p Bio-Rad (Hercules, CA) - — 4k & 5
K23 WARBEL L8 G el 5 33 A Merck 2 2 (New Jersey,
USA)z¢ Sigma chemical 2> # (Missouri, USA) o & *34] % H & DNA 2
&7 (Restriction and modification enzymes)Pp Takara Shuzo Co. (Kyoto,
Japan)# £ & Promega = & o w T id i f¥ 2 2 HPq(resin)fEp Novagen =
oo gt dh oy E R AT+ 0 QuikChange site-directed Mutagenesis Kit 2

2P| p Stragtagene = # (California, USA) -

S EER FRZ A

AR BT * Rtk e 45 B. stearothermophilus NCIB 8924 pp & &1 ¥
FRPATTERAY v 0 R WG frig 4 480 E coli Novablue RIMLA
Novagen Inc. (Madison, WI, USA) o 12 E. coli strain M15 (Qiagen Inc.,
Valencia, CA, USA)k ~ & £ &€ 2 Fv H o ¢ * H 4 5 pQE32
(QIAexpress System)£? # R g‘ 8 pREP4 (QIAexpress System) - 3= % B.
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stearothermophilus NCIB 8924 #7i& * 2_32 % J % Tryptic soy broth (Trptone

15g, Soytone 5g, NaCl 5g/liter, pH 7.3) » ** 45°C 22 150 rpm T 4= % -

= ~ E. coli F % DNA sffd B~

1295 Sambrook et al.< alkaline lysis = /% 44 P~ & %8 DNA - $+ ¥ - fJ

o}

A p 7 ampicillin (50 pg/ml) 2 H &t 22 10 ml 0 LB 4832 %
(% 1% tryptone-0.5% yeast extract 2 0.5% NaCl)® »>*37°C#= iF (150 rpm)
BAHI12-14 ) e3P~ 1.5ml Fik T AcE s g @ 3 4°C 4 12,000 rpm
(Sigma 2K15, Sigma Laborzentrifugen GmbH, Osterode, Germany)Zt.< 30
o REAMET o 2 A Fkts o 4v» 100 pl ke solution T [50mM
glucose » 25mM Tris-HCI1 2 10Mm EDTA - (pH 8.0)] 3 Zl 4= if ¢ Fj# = 2
R 5 o ME18 4~ 200 pl solution IT (0.2 N NaOH % 1.0% SDS) » #= 4= % # jic
B o RBR A REEIE > B3k S £ 4 150 pl k4
71 solution IIT [ 60ml 5M potassium acetate » 11.5 ml acetic acid (glacial) » 28.5
ml H,O), » B4d > @3 v AR EEI 15 E3/kY 544 Wgis

12,000 rpm 3o 20 & 45 > o] o BB b

EAY
fon
dy
!
=
She
=0
§ N
2R
I
4
g

=~
by

8 f# < phenol/chloroform (1 @ )3 B~= =t » X B~ £ frow > 207 Flent

BRIV - GrERFMERSE 0 e~ 2 BAA D OS%IL I 0 B
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-70°C7/k4a @ > 8 DNA ik 20 4 45 - » 4°C 2 12,000 rpm &< 20 4 45 -
fe & DNA WAk g > ik 12 T0%0k ok Fpi ikiis— = 18 > 2 B 3§ g

P oA 15 448 o 5% 0 DNA Ak 47 12 1X TE buffer(z¢ dd H,O)

-

=

s #R 8B 2l 12 1.0% % VR (5§ & A 45 TUFE ZA0 4 B i DNA

N
W
b
o
1+

A ﬁ

fJﬂ
™
e
ey

2. A B R

1245 Sambrook % 4 (1989)#3k 1= % » #3484 ~ 10ml 7 %2 4
2 LB A AT » 2150 rpm *t 37°C R F e % 16-18 | FF » L5~ 2.5 ml %
100ml p 542 2en LB & AP » % 37°CH % 24 /1 FF o 12 5,000 rpm 42
S 10 A 480 TP FR o BF NS BiE A Smlsolution] ¢ FIET
2% 5445 4t » 10 ml solution [I ¥R £353 » # B3k 10 448 > 3%
% 4v » 7.5 ml solution HI | 7] & 46 # B >k 10 4 48> 12 14,000 rpm
oo 1S A B FiR o o JriEMS E P A 2 B E D IS%IF
B3-70°C 0 15 £ 48 0 @ DNA Ak 0 516> 4C 2 14,000 rpm &< 20 &

4 > 1 3 DNA B 2 §5% 15 » 4o » i $ ek i@ 24 §2 > 4 » RNase

=

3 HERL 20 pg/mlo 2 65°CH & &30 A4 4518 > 4 » % B4 0 phenol ¥
Pe— = > J X R84 0 phenol/chloroform % B~#c=x » & {¢ * %8 ff o0
chloroform “ﬁ% 2 7% F ehphenol > 4 » + & 2 — #f 7 3M sodium acetate %

SRR P 9S%;EYE B 5-70°C 0 30 A 4 E 14 4°C 1 14,000 rpm Ao
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20 & 45 0 TR IDNAAKRY » BB 7806 0 A 0 IXTE 8 7%

P oo

» ~ B. stearothermophilus NCIB 8924 4 ¢ %8 DNA i B~
7% DNA 2 4 P~ 8 ik J5 Amemura ¥ 4 (1988)#74cif e 28 {7 o B~
TS broth i & 2 % 2. B. stearothermophilus NCIB 8924 » #2 % ;% 2 3000rpm
o 10 A48 v e FHALH B E 0 20 F 52 E#4c » 1X TE buffer Sml »
a0 3 R E % 4 ~ lysozyme 10mg (10mg/1g pellet) » 2 £ 353 18 > % 3% 30C
i F 30 A4 IR S A Bt — = (£ 14 10% SDS 4k ¥ H bl 2 dme
FRiF ™) o SEis 4~ 0.5M EDTA 1.2ml - 4£5%& 2 ) & AR (6 £ 4c 2
10%SDS 0.7ml> ;& £ 353 {6 % 3> 37°C-kizr ¥ F & lhre # % > 4t » phenol
oml ¥ # 3 > & 4c » chloroform 6ml > £ #&# Smin 712 3000rpm &< 10
g o AR Z K oo s 2 pipette BBt oG - & I AT B (T B
ARt P D H B K2R 0 o) oo dkiT) o 4r » 3 B AEAE o ethanol > #
DNA ik 3 7 ib DNA AL ek » 5E 18 - DNA 12 pipette # 11 I ATehd s &
Zrow 3000rpm ~ 10 A 48 0 £ H#-F &K > gz (* pipette)is %% > @ DNA 5z
W B (ST B el Fk 0 TR DNA DR R (347 #-2 Ok & 4 = 2ng/ul 9

DNA ;3 i%) o

T ~ DNAGEEFBRT AL
FEB~if £ 0¥ 3 ¥ (agarose) 0 4o #GR 2T T A Bk 1x TAE (40mM
Tris-acetate 2 1mM EDTA » 27k pesd 5 pH 2 7.8)¢ > R IFFMIER &
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0.8~2.0% (WIV) * % - E W73 i 4 4 2 S0~60°C P » #-2 {5) » IR HE » 4o
4 fr(well comb) o FFF L AP F (S > BIEF R R TV A K
Booo@ R AR o P ET A 17 etk &2 4 #(0.25% bromophenol blue ~
0.25% xylene cyanol 2 30% glycerol)!¥ 5:1 et iR £323 » £ 0] i »
AE e F(wel)? o PR IR N ERE SViem TREFTR A o A
=& {5 B L 948 12 ethidium bromide (EtBr> 5 pl/ml)% ¢ 10 4 4518 »
VLoRE MG RE TR PETRRARA S F himE > ¥ U DNA A3 £ 4%

P:QBLL*"J"I'J J ’?DNAIH\';’E’?’J"J}*/%)§°

% ~ DNA ¥ Riw jcz & it
f1* PCR & % - DNA ¥ B g ph > A4|pe % ¥ > ¥ 9]« DNA /| #

B > $1* GENECLEAN III kit (Bio 101Inc., California, USA)i& {7 ¥ T &
it od DNAFEERHMT AR #73 rc DNA P e E 48+
7 R T AR L 1 Sml AR E S E P K 04g TIEFRA o e 36
BWHAOMNal3 » 55 CH# S5 R FERME 23/ Frpiz
Hte o f4e ~ Sul englassmilk > I ZIIRG o @ N F Rk o KR B TR
PSodso FFEIR ] A 4IRITE & - 0 @ glassmilk FdF R o 2 RIR
*+ 12,000 rpm (KM-152000,KUBOTA Co., Tokyo, Japan)&g-< 15 ;48 > & #
ik o FHLS - =00 MR BE M AR TR %ﬁ“i% o dv » 600 pl 7ki4 e
New Wash /% ;% (New Wash k Mgt 14 ml e » 280 ml eh= =t 4 g3 -k 2 310
ml 2. 100% ethanol » i® & ffFf# @ &) > &FRfri=23 > 2+ 12,000 rpm H
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304548 24 FR o FEAF VGRS BRI A o Lo - S E R
B p AR > 2o r 20 pl S IX TE S e o i i s SR R iE
12,000 rpm & 30 ko oo %P b o BB e b T - A RTOE s

? oo b3 L ir & G DNA FEC

=~ REFEgF &

R EFRsas F T - fEIEE S 2 K DNA shjie» & ¥ Cadwell
fe Joyce (1992)#7% 4 1 2 > K3+ w B ATE H 7w DNA B 7|3 2%
H sl 3 0 H(GHC) %HeiT 50% > £ B & ¥ P R DNA i fdr
(template) > f= ANTP % if § 1% (7% R & > (538 % [ (denature) > ' &
(annealing)%# Tag DNA polymerase 72f @ (extension) ' #* » #-pt £ DNA 4§
WAhk o £AFP AR > A @ P 1R DNA L DR PP o

R 5 100 mM =7 dATP ~ dGTP ~ dCTP %2 dTTP (NEB = &) > & B~ 25
plo i r = L 15mligg s ¢ o 4e» 9000ml = = Z 45k » FIle AR
AEREZ25mM e dNTP R &% o Bo— £ 0.5 ml e 3w F o 254
»E B2 D 23k 10 pl R (10X) > 8 ul ANTP 32 & % (& 46 ANTP
ERF L 10mM)e 313 10pmol 3 HfF(4r 3 ¢ b2 P DNA B Z 1
ng > 4ri %4 8 DNARIF 0.05-1.0 ug 4 iv #-H & A Foe A 7E) - £ 40 2
1 unit Deep Vent DNA polymerase (2 units/pl * NEB 2> #)— £ 100 ul » ;2 &
Pats o e F BiREY g R o B icE 4o ¢ 2~ Gene Amp PCR

System 9600 (Perkin Elmer Cetus, Norwalk, CT., USA)cF & p 3% T PCR
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ek JEIEE 194 C o3 4450 @ DNA S ;60C > 1 ~45 0 @ ficfp sl
ML s L3 T73CR DNA 26 #W 1 4485 Ayt ik 2™ £4F 35 B %Ik (cycle)

(s 2 T2CF K10 245> @ DNAZEN = > o pLF BIFEF &3 2.

— '

i

WPl s o B AT o F A EERRT AL PCR A

P o Fx T DNA & I 38 e 0] 15 » 2 GENECLAEN III kit w 4z °

N~ ~ DNAZREF R

EREAE G 30uF Bk > 73 2ulT4 DNA ligase (3 units/ul »
Promega = ) » 3 ul 10X reaction buffer [ z 500mM Tris-HCI (pH 7.8) »
100mM MgCl, > 100mM DTT % 1mM ATP] ¥ insert DNA % vector(insert
#7 vector DNA i B ot % 5: 1) i3 33 kaf 3 30 pulo #4582

"B 16CF s 8~14 /| pF > i@ DNA T 4pdk & -

1~ 2RFHZHER

f1* & 2513 (2 %313 1 -~ GAGGATCCGTTGGGAGAAGGAA’ -- ;
F 313 1 " ACTGCAGTTCGAATGCCCAGTTG  --)# pQE32 % #
I B. stearothermophilus NCIB 8924 ek d 12 2 RVH R E PR
24 F iF l DNA P E#rié * 22k #% 5 GeneAmp PCR system 9700
(Perkin Elmer Cetus, Norwalk, CT, USA), & 100 Wl * B & +# ¢ 7 8 ul
31 % ~4 ul DNA #i-9% ~2 ul dNTPs ~ 10 pl Supertherm polymerase 10x buffer

1 ul Supertherm polymerase 2 158 ul d.H,O - # - #% 5 : DNA & 96C T
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B2 04~ B52CTAE 1S54 42 AT2CTRELNS A& A F BS
£ 1817 30 B 5%k - PCR A4 AL §5 1% "4 2 & » £ 2 GeneClean III %
% (Bio 101 Inc., LaJolla, CA, USA)i& = 1.2 kb DNA * X w J » #1w Jc ¥ X
5 BamHI # Psfl ¥+ {3 £ 75 pQE32 114 & pQE-LAPI % 7 % A
oAl g S Rk R 2 CHhEr 6 B BB & f £ B

T2 e AT 2 L g TS A2d = 324 -

L B

Immobilized-metal affinity chromatography (IMAG)z & 32 5 f]* L&
Hise- tagged 2. & e 3o F& B 30§ Hbig 2 &£ hdp+ 2 2 feinag g i@
RS 58 & £ R=R oL R R e ol VI ik il e S
fo £ BT P iR 3-0 B d(Hochuli ef al., 1988) o &AT F 1k it 2
A4 A2 REAFEE > HETARA P %3 =R (Novagen Inc., WI, USA)
dpom i §T o F AP~ 2.5ml 2 His-bind #75353 72 » g9 300 3 B &
ARk s o BEES 4 » 5 B TP B (50 mM NiSO,) » 2t P &
TS o mF 3 MM R E S R (S mM imidazole, 0.5 M NaCl 2 20
mM Tris-HCL; pH 7.9)F gt  #Fg & 8 g n 3] g &30 » L Hl i 4+ 3
PreB B s gid L 10 B EE IR H b RFL M6 BHA
¥ 4 7% (60 mM imidazole, 0.5 M NaCl 2 20 mM Tris-HCI; pH 7.9)#*

e B fs 1% A 47 3% 7% (1 M imidazole, 0.5 M NaCl 2 20 mM Tris-HCI; pH
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T M- & gz g ko @IS L & B
stearothermophilus v "=f& il t7 w110 @ A& rLAPIL
Lo RS FRAA

v F T A 47 4245 Lacks and Springhorn (1980)4% ! ¢/ SDS-PAGE
FEEFT o mEa Ry FR AT * K HE 5 Mini- Protein II Dual Slab Cell
(Bio-Rad Laboratories, Beverly, MA, USA) - % # 4 ¢11 12% polyacrylamide
f#+47 52 %% (resolution gel) (= =X 2 3 -k 3.3 ml > 30% acrylamide mixture 4
ml > 1.5 M pH 8.8 3 Tris-HCI 2.5 ml » 10% SDS 100 pl > 10% ammonium
persulfate 100 pl » TEMED 4 pl)3 3 » SR 228 2 A en@ Ay @ » 3 3p
FIEM A9 15em ey B > 2. (84 2 2 anz 03 33 -k B R IR
KTk R o BB A F S MEALe R A s BB B 4F 60 5% polyacrylamide
RE 5% (stacking gel) (= =x 2 &+ -k 1.4 ml » 30% acrylamide mixture 330
ul > 1.0 M pH 6.8 3 Tris-HCI 250 ul » 10% SDS 20 g1 10% ammonium
persulfate 20 ul » TEMED 2 pl)iz » & fe § b enfd {7 @ ABBZ P - & F
F& »~ % H(comb) » FHBPHF S B DB RAF A T2 T HE Z A D
2 B2~ d H % % (loading dye buffer) g 2R & > B30k P & 10 4 45
{0 2R ES 1 A48 AL > BRI BT o BAm
0V g B Fv Fa AR ERN B E 0 B DR EB B I R4 RS SR
BB B fech 100V g REE A Iy o 2 P4z 28
B 5 b o B2TF 5% » 12 Coomassie Brilliant Blue R-250 [0.125%
Coomassie blue R-250 » 50% methanol (v/v) » 10% glacial acetic acid (v/v)]%
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d 1024 N BERN I A2 BT B EI L ARSI 222 A
sx ¥ 24 4% 1[50% methanol (v/v) > 10% glacial acetic acid (v/v)] > ¥ f 4%
w20 & 450 L B RRE ~ 3 4% 1T [7% methanol (v/v)’ 5% glacial acetic acid
(VV)] EERHE > E DT R 2 2R3 o BdFEeat s 3 oke g

23 ks B U BT AR IR 5T RF o

Lo RO ZPEREEER

IS STY X k4

-

APII i # f3 N =B E g R flpez 92 > Fp ¥ % N 2 % leucine

2_ it &£ % leucine-p-nitroanilide #L 5 25 5 & {7 ¥ J& - leucine-p-nitroanilide
EpEE F JBts 0 ¥ A2 leucine % nitroanilide ° Nitroanilide 4~ + & 138.1 »
—HHALF RS ER I T EODsys B ERERE - BREZEEE -
(1U) 7 £ 73 55C & £ 457 & 4 lumole e nitroanilide #7% 2. f¥ % & >

TEY RT d A kR 2 nitroanilide £ % 4 A 47182 o

2. LAP 2z jE % ¢

PRI ET R G FATFTEF LAP B2 LAP e+ £
(Manchenko, 1994) - #-3-v 5 2 Native PAGE(7? 7z SDS)4 #tfs » #48 ¥
FE L ¢ % [100 mM sodium phosphate buffer (pH 5.8) > 1 mM CoCl, » 20
mM L-leucyl-2-naphthylamide’ 30 mg Fast Black K- 14 Millipore HA>0.45 uM

Wim]Y 0 B37TCE XD RTFE R B FIIES ¢ chbands IR0 - 2
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S RS SRR AR S SR NCUE SRR S i

-+ = ~ rLAPII {£F 2 & 47
1. rLAPII &g » R &

P~ 20 mM Tris-HCl (pH 8.0) ¥ # ;% 930 ul » 4 » 100 mM
leucine-p-nitroanilide 40 pl > % ** 30~100C# % 10 4 4&{s » 4 » rLAPII p%
% 20 pul > 272 BE AR TB0~100C)" F R 10 A48 0 B fé e » 100%2

acetic acid 100 pl 3 1+ £ & > JP| & ODyps 2 ¥% K 8 o

2. pH &% rLAPIL /& (e 58

& & B~ 20 mM citrate-phosphate (pH 3.0-7.0) ; 20 mM
Na,HPO4-NaH,PO4 (pH 6.0-8.0) ; 20 mM Tris-HCI (pH 7.1-9.0) 2 20 mM
glycine-NaOH (8.6-10.6) % 930 pl » 4 » 100 mM leucine- p-nitroanilide z &
40 pl > *55°CT# % 10 » 4518 > 4 » TLAPII %2 7% 20 pl > >+ 55°C ¢ &
& 10 & 45 B fe 4 » 100%2. acetic acid 100 pl ¥ 1 F & > Bl & ODygs 2 %

kg o

3. £ i B EmH rLAPIL S e
B~ 20 mM Tris-HCI (pH 8.0) 930 ul > 4c » 100 mM 2. % & & a3+ &
v &822& 10l 2 100 mM leucini-p-nitroanilide 40 pl> *>* 55°C T # % 10 »
4815 > 4o » tTLAPII 222 20l » » 55°C P F i 10 A 48 0 B fs 4 ~ 100%
2_ acetic acid 100 pl % 1k & J& > P& ODygs 2. ¥% & (@
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4. rLAPI $f 2 FenE & 12
B~ 20 mM Tris-HCI (pH 7.5) 880 pl » 4¢ » 10 mM 2. 7 f 2 & 100 pl >
3 55°C TEE 10 A48 0 de r tTLAPIIEEZ 7% 20 pl > 3t 55°C ¢ & & 10

Ao Bts 4 » 100%2- acetic acid 100 pl 4 1k F & 0 (Bl & ODygs 2. %k (8 o

SE s RERRE
i * p# p Stratagene = & =57 QuikChange Site-Directed Mutagenesis kit »

EXY ERSEE ST ZEE Rans Fuut B

1. B T e cns iE

/|- #- XL 1-Blue Supercompetent Cells »*-80°C 7k ¥ B~d13c ik ®
B~ 50 ul XL1-Blue Supercompetent Cells ** eppendorf tube ¥ o 4% 4c » [ ul
&8 Dpn 1 mJ2 i 0tk & 0 3t 42°C ™ heat pulse 45 #) {8 = 3~ kg ¢ 2
Lo B Ao r T AN RCIHEHSDONZIY B R A6 3TCRERERE R 7 B
%0 12230 tpm BF R A 1P Bos# 250 pl el 503 A
ampicillin 2Z. LB T2 2+ >3 37CEEE £ Y 85232 16 ] FF -

-

vLH T A R AR RS T e e SRR .

2. 7% DNAzZ #@#H
B EERXDNA T A Y 7 2 BRI (X8 25-45 mers it

Fo3l3)r51 3 w fied OPC %1t dopt 7 @ 4 2 % 5 1% 14010 pOE-AP



II 527 PCRF B HF BRIy EH 5 4~ 5pul 5 10x reaction buffer
4 ul (410 ng) pOE-LAPII ¥4 ~ 125 ng thit & w513 2 | ul dNTP (3
dATP ~ dCTP ~ dGTP % dtTP) » £ 2 & FkAd T 50 pul shi 884 o

s >t F @ 4 » 1 ul pfu Turbo DNA polymerase (2.5 U/ ul) - m PCR
i 5 1 95C ~ 304 0 ¢ DNA % {4 (denature) ; 55C ~ 1 » 48 > & fifr fv
51 3 %k £ (anneal) ; £ > 68°C % DNA 2t @ 2 4 4#(extension) > F i {7 16
BRGS0 B 2 68°C 30 A4 DNA 2 2 > Ferg TR & 15 82
dkokP s ds o REREIITCHUT o Bfd4e r 1ulehDpnl 3l F Bid g
PRSP T B R R ERSIEIRE L ENITCF R

lfJ‘B?f"li"’T‘%?{ 7 it B DNA fi59 -

3. #753] XL1-Blue supercompetent cells

RE2Z U DNAQFHF R TV EA »hizlwrie? oH 2 305 4 50l
XL1-Blue supercompetent cells ¥ 4c ~ 1 ul ¢ * Dpn 1 2 ik 5 0 > 42
C heat pulse 45 Fj {6 = T3 r ki ¥ 2 A4 o F 4 » A A2C £ an
NZY & & > W 3TCEEEAHY BE > L 230mpm R EAE 1] >
B {84250 ul ek 5353 3§ ampicillin 22 LB T8 £ #8 +F > 3

JICEERAZH/YERI 16

o

P H - FiE 0 P DNA 25 0

PeE I RE2Z DNA -

ST BALF RRIE FHEF 2 b
%% 2§ 1Y 48 TP p[E % 35 1 15 2 rLAPIT A ] %.4°C~30°C 2 55°C
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EARERT > FE IR Q4 9 Hy0p fo 50 mM Tris-HC1 % 7% ¢ 30
kg o ATRIE AL A R g R A S 100%3 B H A AR A
Lo PR R HEE A 2 FulhA TR E-25 g s AR A 55 °C (hiE B
T o & H3 50 mM -~ 100 mM fe 300 mM H,O, # ¥ 30 4 48 > £ &7 SDS

W T A Z R SDS k2 2. native "3R8 4 7 o

LA FrERTASHLIPE RHRA T

A RH IV EEZE R A 50 mM fr 300 mM H,O, 30 #4818 » i@ B & 55
H,0, ed@ eriin i f¥ & 38 74 0k 30% > 718 f% % % A £ ¥ » Bruker RFS-100
FT-spectrophotometer (Bruker Optik GmbH, Lubeck, Germany) ik & ¥ > i jp]

Raman shift /%_0 3] 3500 cm™ 2 % % S AT e

AR AR REIMFEERT DR RS TR L
¥R (1) 25 ng) it (7 ALRIGER > & B4 0015210250 10* ~ 5x10° ~
10°~5x10° e 10* uM e Co™ 35 - d 2 fx 3 1B B v TP AT e Co™*

Wk B KRBT AR L AT A K o

+ N~ EDTA RJ22 fig4 £ &1
FEH D R EBEREE AN ERKE S A (4 EDTA &

ek Y

phenylmethlsulfonyl fluoride) &2 #7 ¥ £1 apo-enzyme » ** 7 4v H 97 F ¢

B ie > FEE AP BERR(Lin et al., 1997) o 253 5 vt Asp £2 His %
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e

AR ERR S BE T2 ARE AL LR AN RIS AR A R

# 10 EDTA &2 3| b > i€ (75 | pF L $ - = Tris-HCl 3 it £ = -+
RS AT o BT IS SRR R o e A ik B e Co 3 d » A0 H Sk

g o

+4 - %%#*?9ﬁ

E TRt & 4 8 4 47 0 & % Michaelis-Menten equation %
Lineweaver-Burk equation » ¢ Michaelis-Menten equation e[ 757 ¥ F > &
FREFT F ST H Vil Vmax 22 F 0 Vi & S8 %
Sl R FE et AEE 3 1 A BB TERGRT 2 B - 2 b)
Bl VIE KA FER TR NVIE S A2 F R Vi F 0l 420 1.3~1.7
Bz e FRARFRE d 1 FEFYERST OFEATER £FA7-
MR bR FeR AL R 2 BN > GE R3S Ak R 0 A R TR
LRI AL B o F PEer v R kR S AR IR 1S SR
A4 OD B A 013 0.6 2 F AR - B ATEE FLprTR
kR AR R S AR I M EROATRRTEF NV ERF
4 Eo4r > PRI REFES Km 2 Vmax o - 8@ 3 0 AFER
B3% 30 033~20Km 2 B> it ®EEP > §F SHI O EEOEREV =
B bldet FATARARS S P FReEAE L X0 HF kS
VXS R R RE S V2 X AR RES S 12 Vo RISVPAS,
P2V i Vxe B0t A2 R ATERT @I ApHEOV E - 2
Lo ATERRE 2B > 4o% V2 BB 28 B4 7 4nE &k ik

BA 3 AV AT Ve
2. FATERRS 2B 4ok VI % A FERPLTERERT
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fir o iV 2 32 Vmax o
3. EAFERRB2RM 4ok VAR S 13~17 B PREROART

ERAFGEF o A TE ISV S RS LA

R EENV E(D S BE) AT REEA L L

ik
,\m
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- ~ £ ! B. stearothermophilus LAPII th~ & 4 L% & i

1. B. stearothermophilus v "=fk el il Il aug 7

135 Motoshima % 4 (1997) 1 ## 3 ¥ 4v B.  stearothermophilus
NCIB 8924 LAP 11 e FI B 7| 4cs Bl 4 “Tn o 2 A Tl 1,241 Bk 24
TIPS E 3 413 BORAEL o A A Bt FehA 4 4 DNA {8 0 SRt
AFRFIE~F 3 F (A2 2) 87 PCRF R T FRiE 7 lap 11

2% - Bl- 87 PCR 7 514 hDNA A% 5 1.2kb

2. IPTGHE2Z B FEREPFR

#-1 iff PCR A& 4 (lap 1% §7 48 pQE-32 i& {7 DNA Zk#: @ 3 & -
EFR AP € e T 5 pQE-LAPII- 3% ¥ #2) » E. coli M15 sz p >
A BB ER S 0.0l mM-~0.05mM~ 0.1 mM~0.5mM > 1 mM v 10 mM
PTG e 7 e 32 % P AF(20°C~28°C 2 37°C)i& (734 H- B = & o1 2 0.1 mM
1 IPTG & 28°C T A E ek B 47 o o> Bl 0 &2 B
stearothermophilus LAP 11 (rLAPIT) & 0.1 mM = IPTG % 28°C * # ¥~

o TE ALd X g e

3. pEEz B

MEGE A EEEEAREE B ARG T NI-NTA #g f
% o it (ST B R tLAPI 3ov B enA 3 4 ) 4 44.5kDa (Ble ) % - B
T E BRIt o R B o FE 92 B 0 fEE 2 A S 425 U/mg ¢
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= ~ £ 2 B. stearothermophilus LAP 1l en4F {4+ 4 5

. pH &2 RSS2 I E

4 Leu-p-nitroanilide = < B > *t 7% [r v pH ER| % 2 710 #ri®
Bedp BB EE G 100% 0 B Rl R S ApEEM o BT S %87 pH 8.0
Tris-HCl = rLAPII 2 & ig 4 i pH & 2 5 e o

7 pH 8.0 2. 50 mM Tris-HC1 % #=% ;% » » | rLAPIl &% 8 & & 2
AN BRT R R RZBEER S 60°C(R= ) 70°C pFiv g #-
3T TS% PR EE o fE R B 60°C T 30 A4V AR B R TR

e 65°C PFiv§ 83%:htp i i o

2. FEEMRFERY
Aminopeptidase ¥ 14 # B M4 gt N il pess £ 4 1 & 2 g
B 4e : L-aminoacyl-2-naphthylamide (AA-NA)# L-aminoacyl-p-nitroanilide
(AA-Nan) > T #-H SRR Tt SR FRLAPI B 2 302 B AR
efg it 5x 4 o & W12 Leu ~ Lys ~ Arg ~ Glu ~ Pro ~ Ala ~ Val ~ Phe-Ala %
Ala-Ala-Pro-Leu 2 L-aminoacyl-p-nitroanilide & ~ J& £ & - #-L-aminoacyl-p-
nitroanilide ;3 *> tLAPIl s e ? » ¥ @@ H &R JER 5 1 mM - % »t 55°C
R P 10248 Fie e »EE 03 S55°C T R B 10 2480 B A~ B
$IE R 10%:0 acetic acid Bk F i 0 It B E edp S A0 B R(R

Z) o ®%H R fEF ¥ Leu-p-nitroanilide & 7 & B i 0 @ #3 Pro -
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Glu ~ Val ~ Phe-Ala §r Ala-Ala-Pro-Leu 2. L-aminoacyl-p- nitroanilide 7% %

AR E e

3. EBMT S HRAHE RS PR

Rr A R B 0 1 mM sk R 0 B4~ tLAPIL £ 3R
P REEE R B e B R AR 2 47A 0 CoUHEER L F M @
Cu”" ~ Hg' 4o DTT ~ EDTA % & B & HRI4HH B 4 55 7] erdor ] (7% o gt

¢ > = EDTA BTt eh% EfE 2 7 0 Co™ fljem fAR &1 o

=~ FEE P 7 pURpi(methionine)? A G T R B HEF L & 2l

1. #®% 3 ¥ rLAPIL 2 2 58

=0 BB 2 rLAPIL ¥ % & #rildecnhy (b 1e% 2 fafd ApT 3 Kepg

% 117 ik R 2 H0, (0 mM-~25 mM 50 mM ~ 100 mM ~ 200 mM ~ 300 mM

fe 400 mM)EJE » ¥ A w3 3 4°C ~ 30°C 2 55°C 5 7 iR & 30 A 41l

BLARE R A B R PR R A 4CEE G % H0, 2 B85 & & 55°C
P H0,kRZE200mMPF > fEE RIS 22424 EH(R-)

BLeh s #-25 g g E A 55°C T 0 A w3t 50 mM -~ 100 mM 3 300 mM

2 H)0,# % 30 4815 » 87 Fd FRAANIT - BB~ ATT > EF

Hy0, ik B 4e > 3od F T ABMY BRnd F 4 B3 A X N K

ERIL R A T AT RIT B H0, § BUREE R PR

(homodimer) (2L B ~ B) °

45



TI* 28 LFRAITAER - B BHER HO, Z BT S H B4 7 o
d k¥ b 760 cm™ ~ 830/850 cm™ 4 700 cm! 55 A chec ¥ &0 Hy0, ¥z #
z_ trpytophan -~ tyrosine # methionine % = fA <A e & 5 B &F iT* o gt o >

™2 300 mM H,0, AJZ s % ) 25 3% 5 o-helix B -

2. REATFIZARAFE S

A T BERFPIT Leu B R R - BB o Met AL 0 d X
FHMT AR I () BEEFRF G AT X AL ERABEIDCH(BL)
F2ini B rLAPIL * 2 5 % methionine 324t :x % & leucine - &% » #-% 3
Z_ ﬁ.ﬁﬁ?@ﬁﬁﬂji E. coliM15 p & 12 IPTG 3% F 18 (7 & I o B i {5 ahg

{

ik

f

)

PR WD AR - T 0 T R R A R

#4pif > $95 45kDa -

3 A F R

AR IS R4 T pRE R RAME RS AR R
4% B *% 3 H,0,2 50 mM Tris-HCI % 77 i (pH 8.0)¢ > A% I B5 B BLB<
RIFEREZ B o 4ol 2 7m0 A H Oy k2 S A48 > TP A AIfE R 07 i
7R T2 BN @ Met82Leu 2 f¥ & E LR ¢ X 95%- ¢t ¢k > Metl36Leu
Met254Leu fv Met382Leu % R RfE 2 2. s P E X D] HO, . a T

Ké:zo

4. PRGBS F N
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d AT k% T Ao rLAPI Y %27 Met-136 =% S5 R R 16 0 F 125
AT B RPEEE VR E I A RApiT o B 4§ S T

Met136Leu 1 ke B> 1 47% > FH B1 58 5 (kea/Ki)# " 157 50%

o~ 4F3t R P4 g (aspartic acid)A A BfEE 2 LI (TR P R Fa4 4

. REATFIZ ZRapis

4+ rLAPII % 2 % e d] ¢ M29 pEGR R 2 - > HE

\4%7

BRbavRARART S FE . 20 BiE- HIFHLEEL CoT e
i Eb T M29 7% ek E RAR A (RS 2 )

rLAPIT # $* 11 Asp-61 ~ Asp-180 ~ Asp-308 ~ Asp-339 ~ Asp-380 ~ Asp-391
o Asp-396 E AE T T EERE 0 M- B Asp A AKAR Y H S Alac Bsw
in— 1 aspartic acid 354 % 3% & alanine (L B+ = ){s » 5§ i 7 IPTG 3%
Fe d-v F;‘M ZIo Bt NP REEZ Ty %‘r* AL YT AeBl L T A P o
id RAPERL AT BRI AR 55 45kDac B L B de
B+ 7 B#77 > Asp391Ala~ Asp396Ala &2 %5 4 A|p2 2 cnk & R 220 £i7
Aspl180Ala £ Asp339Ala P &g 33 > Asp61Ala ~ Asp308Ala &2 Asp380Ala

A RLEF FF o

2. FERVvAPEEER S FEN
TEA B X R R R L S RS R ek 2 A 0 Asp-380
B RS d 4 RS Asp6lAla 2 Asp308Ala B % B E S
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MR T % > @ Asp391Ala {r Asp396Ala Bl E 3 fiu g b E L o 4 F 4
H#ckg o > AspOlAla &2 Asp308Ala & R S f% % ke, B X 60% 2. 5 o gt b
Asp6lAla 2 1t %23 (ke/Ki) % 1535 83% 2 % » Asp308Ala fr Asp339Ala

» T T70% o

X ed

e

3. Asp BB R 2 aS

d 4= %% 7 4> Asp380Ala B B E ot B & Co™ 33 kB i bt

T~

<R P B ALY 0 9P o AspOlAla B R FER B e Co¥ 33 kB
#5000 uM P o bR AL R L 0 B3 ek R EE 5000 pM B A R

26.7U/mg s B L E o

4. EDTA A4 Asp $ B2 2 L2t 5 i

& EDTA 2t 2 f¥ % # % apo-enzyme HE g = 2 &4 | Aa &
FAa BRI E BT R TV RBEREE V2 A EBEEFOLLE
Mo Bl > ot EDTA rJd2is 2. Asp # B it 2 ’i‘”l 4v 10 uM CoCl, {3 #7ip]
@2 0t S8 5% > Asp308Ala % B E 2 EHE R 2 7 i 14k s Asp6lAla

L N AN e K ) D

v IRt e povRpL (histidine) & AR B fiF R 2 LI T P g end d

(%]

. REAFZ AMEFEES
#-His-191 ~ His-227 ~ His-345 v His-378 % # #L % # = Leucine - ® %
AFTR G5B L - 7 0 SmReETieF IPTG #FEfedky Fr £
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Ao B P RER (PR FD AL B A A A PR
A RBT S R E AT c B A~ B o A% d 2 %% His345Leu

{- His378Leu & % £ f¥ % 7 £ &1+ > Hisl91Leu # His227Leu 1% ¢ A& B

AR 33 o

2. MRV EBEE g
T Al e SR R A 20 B S oA A 4R His3dSLeu e
His378Leu @ = j& i |17 f % /& 42  His227Leu eilit 2 5 (kea/Km) V" ¥ 2

A% % '8 15 40% > His191Leu s it >3 vt 7 4 F] 4 4o o

CRes

%

3. His % B4 2 4545
d % 4 %% ¥ 4o His345Leu - His378Leu & % B fE % vt 7544 & Co®'

Sk B iR B m/"j‘ SeiE AP o v & 2 P 5 A Hisl91Leu 4 His227Leu

‘-H

5]

—mkF

297 4 A& B4 SuM 0 CoT S kA BF I AR 4 29 Ulmg £

LL fél}‘i o

4. EDTA Au®is His $ B3 2 £ 50 iv2
B+ 4 %7+ EDTA /22 o 4 7| ORI R R PR S U
%+ 5% 0 . His345Leu fv His378Leu & 4 4ok Asp308Ala % %754 - f -

& 4 10 uM CoCly 15 17 @ % 4R f¥ & 75 1% o

Ao AP ARE R SIREALY - AR AT

%

I, REpE2dedg e

~m¢-
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%7 i&- % $F 24 tLAPII 0 Asp-61 ~ Asp-380 ~ His-345 fr His-378 % A&
ARAFEE AR TR E o AT T - Asp-61 v Asp-380 B A% AL B H 5
Pkl 5 2 A X sachfgiex [ % fa(glutamic acid) > ¢t b » » - His-345 v
His-378 & 7 &L ¥ # % fr‘.‘éﬂ.?%k VRAE - A I T g L 4d "R (arginine) o 55
TRSR(B- D) RAREFL  CTEEEE AR B frpt

2453 A A M2 apo-enzyme {5 1Y E A 47 o

L% M7 Asp6lGlu $# B A% 4 Co 33 JER 5 10 uM P »

‘_.

B R 292 U/Mmg B A AR E AR § 4237 0 R @ > Asp380Glu ~ His345Arg
{r His378Arg = # B Co™ 3+ kB iE b 3B s e B AR Y 0 (YR P R
R
2. EDTA rJ2is R B PR 2 L 510 ivH

Bl- - - 5 Asp6l1Glu ~ Asp380Glu ~ His345Arg ™ 2 His378Arg % %
P At% 2 EDTA &2 {8 e i F & 0 %% &1 apo-Asp61Glu ér_?,”]t 4r 10
UM Co™' 23 P& » fi¥ % 75 &P B4R 5 apo-Asp380Glu 7% [£1% 5 #& 4k o
Apo-His345Arg frapo-His378Arg =07 4v 10 uM Co™ aft 5 enif 2 T (v @ j 4

4

s A

i
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- ~ £ 2 B stearothermophilus LAP Il fi¥ % & i* &2 334 4 47

. AFZREFEF S
b lap [T A FIERL > T RBESFMASY 4491167 ¢ 1301 = B
# 78 ¥ 27 1997 £ Motoshima ¥ A 74 2 hAFIR 7|3 #72  > Hez gl
G % TTC—GTC ~ CAA—CGA fv AAC —GAC » F]pt > "=l B AL B 5
Phe57 ~ GIn296 % Asn341 = & %] % = Val ~ Arg 2 Asp -

£ 2 F 4 pQE-LAPIL # 2 » E. coli M15 m¥ {5 tipl3d IPTG #% % 2

H

BodiE %A 0 2 0.1 mMIPTG »t 28°C#4 % 6 | Bk bdd » #7118
__’EIJ E—j’)_‘é_‘ “_E_"ﬁ%% féi.? /% l}'} }w e 12% o 4H fL ]’9 I:’J’J'é‘ E'rj_r q‘}n ?ﬁ‘ 1\’/4:\
P Bo 3 EM)EH A 3|pEE4pF > 5 445kDa- g i v F3)

AL 425 Ulmg ¢ng it 4 o i 17 B - % FA eend s 4 9.2

2. kA chd (A

rLAPII & #+ 4 T8 ig pH & 5 pH 8.0 = Tris-HCl 2 @72 5% » @ i
BR L 60T % e 65CRE ™R 80% a1 » w4 BAE S0OCHEREE &
P2 > & 2 o A& p-nitroanilide A7 2 F ¢ > gt £ e fE E2 W
Leu- o -nitroanilide “ 4 f2 i % & 4 > ¥ £ 1009 ; H = & B A
Arg- o -nitroanilide (46.3 % ) -~ Lys-p -nitroanilide (37.8 % ) ™ %

Ala- p -nitroanilide (152 % ) : & % 3%  Glu- o -nitroanilide -
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Phe-Ala- p -nitroanilide = Ala-Ala-Pro-Leu- p -nitroanilide % &7 £ 7 4 f#

3. BRBEMEE B PE

d 4= 2% 87 H'83F € = 2Fr4Ip2 251 » Ramachandrin o
Witkop @ 4 (1964)5787 3 45 4 > 2t % % 77 7 3 indole F it Ak 2 "= Al (i)
4 @ tryptophan) & it % # i P PIFER hd d o Zn" BT £ Lk E 894
YeE & £ > m Magboul = McSweeney & 4 (1999) % Lactobacillus
curvatus DPC2024 cn LAP A 5 % # T Apfp e % o 2 i 4o Cu®" ~Fe™
foMn™ S 385 $FFEE AR5 P A chr ] (TF o r B W 2 Co” BT B 1L R
% % % % (Magboul and McSweeney, 1999 ; Montel et al., 1995)— # > Co™
<+ ¥ 12§ e rLAPIL eiglit /& o

&Rl LR B EESF B aE R 0 blde t Streptomyces
griseus (Maras et al., 1996)£2 Aeromonas proteolytica (Chevrier et al., 1994):h
LAPs 5 Zn-i&#f 3] o & EDTA 2@ % & 0 rLAPII # R e 1 mM =7 CoCl
6 BE R HIEP BiRA Zi B gt rlastr Rt BssHT

IR

¥
F_&

Co”' 33 % tLAPII E 4 Mehd & H pb 53 o % i 45
Lactobacillus casei subsp. rhamnosus S93 11 AP ( Arora and Lee, 1994 ) 4= B.
stearothermophilus sk 4 3] LAPII {4+ (Myrin and Hofsten, 1974 ) o 12

FE5SET o rLAPI end it & m 4 A LAPIL L & 4p 02 o

T PR MetAR A G B RRUEHES LT 2R
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1. HyO, ¥ rLAPII z_ 2 55

PHB- SR T 22 a4°CFERT £ HO0, 2 F£5; % 30°C 300
mM H,O, 5 enif a3 ™ > BERE R T 50% 5 e & 55°C F H0, 0k
BE200mMpF o i 2 R % 24 2 EM o @ - & nE rLAPII & 4°C %
0.5 mM H,O, 5 27T » EH 7T - [ o 7+ > & § ek T
e 3ldeehig 2 B2 F AR fh o 5 Hict) b o Blde  Bacillus sp.
KSM-K38 g -amylase # 1.8 M H,0, i & 1 %5 {4F chfig % i i
(Hagihara et al., 2001) > 2 % Bacillus amyloliquefaciens % 2 subtilisin
(Estell ez al., 1985)% 1 M H,0, & F 4t o gt engr it g wif A x4 o1 ¥

I EENEY) R R

2. FEE BB E B
Bl-- - &ox o> 15 cOMet $B2 24+ 2 5 45kDa> 29 4 2%
tplF(Kuo ef al., 2003) - Eir 4 d Er ¥ B2 R %3 LAP/FiL; o4 p
% ~ Met82Leu ~ Met88Leu ~ Metl36Leu ~ Met254Leu ¥2 Met382Leu &t &
M w5 1334~ 132.6 ~ 131.1 ~90.9 ~ 116.7 4= 108.5 (U/mg) > #* = 38 % %
g - KB4 B SBET » Metl36Leu 5 kg B0 47% 0 Fpt i Az
F (kea/ Kn)» "% ™7 50%-¢ d gt ¥ F> Met-136 = Bacillus stearothermophilus
LAP Il $+423 * F 3@ £ & 04 & o Kachurin %7 3 (1995)~ 45 1% % ¥
Fho- B Met AL AR it AR £ B
3. Ay TR
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= K27 > Metl36Leu % B f% % 2 /5% 5] HyO, e 5P &g o i
Bt 4T HoOp B 405 e 0 g % B f M4z Y & 2 3 40eh
Fo T

SERF B 0F { SEHA MMMt AR LIy FHE IR

:\"‘
W

wenk ¢ o 2 #4345 Levine ¥ 4 (2000)5%7 3 45 1 > Met 2% A7 442
R &2 TR Ve gt RiER Lo wR-E L H)0,

iR
2 b end @ik ;ﬁ. YR PEE ahiis 11 > Agrobacterium

radiobacter 1 N-carbamoyl D-amino acid amidohydrolase (Chien ef al., 2002)
:T‘&—EL’ B o
= ~ X " % ph(Aspartic acid)#% A B F 2 B T P g ipend d

I st dd Hods

ARG AARN AP A ERRBAL L ER S A BEE R

A

Asp380Ala # % 2% &4+ » @ Asp391Ala - Asp396Ala B & § B it 7%
Moo B4 B S fickgom 0 Asp6lAla ¥7 Asp308Ala & R % it % i1 ke % 1% 60
% 2. % o Ky BE T > "ér‘ Asp380Ala 1 ¢k » Asp6l1Ala & fL B el & 14 B
4o Asp61Ala 2. 1t 2T 5 (keo/ Kin) "% 13E 83% 2. % > Asp308Alaf- Asp339Ala
2T T70% o Iy 0 b o Hcdp A h dm Pl C Asp-380 ¥ it i B
stearothermophilus LAPIL fi% % S Hcnbl &= ph 2 — > @ Asp-61- - Asp-308
fo Asp-339 B ¥ 4t it 2 Bt H# i I FER hE I o

2 AspRBREZ 2 A3 BE N
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B. stearothermophilus 7 LAPIl 3 48+ &4 ) & HpE 2 - Flet B#
ASp RS ST LA B § BT 1B Asp A BARH

Wk d od &= ok L BT 0 Asp-61 A% = alanine
ML MR MY R 4 2 glutamic acid 0 B E P Asp-61 sz A L 4A A A
FHELE T RBFHFLR LS o Asp-180 AL B H = alanine - glutamic acid
P s te BiE R Cor gt enif (27 W |5 BIEEE S S 4P Asp-380
TS R N R A A A -

3. EDTA /2 Asp R R iz 2 B0 iv#
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Fig. 1 Electrophoresis analysis of the product of PCR.

In order tR obtain the product of lap II with 1.2 kb, the primer for B.

stearothermophilus LAP 1l was designed.
b
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Fig. 2 Effect on the overexpression of LAPII by different [IPTG concentration

and inductive temperatures.

The concentration of IPTG were 0.01, 0.05, 0.1, 0.5, 1 and 10 mM, respectively.

The incubation temperature of IPTH induction were 20°C, 28 °C and 37 °C,

respectively.
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Fig. 3 Analysis of the recombinant LAPII produced by E. coli M15.

The total cell proteins were analyzed with 10% SDS-PAGE, and visualized by
Coomassie Brilliant Blue staining. Lanes: M, molecular weight marker of
protein standard; 1, 1 h incubation without IPTG; 2, 3 h incubation without
IPTG; 3, 6 h incubation without IPTG; 4, 24 h incubation without IPTG; 5,1 h
incubation with IPTG; 6, 3 h incubation with IPTG; 7, 6 h incubation with
IPTG:; 8, 24 h incubation with IPTG.
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Fig. 4 Electrophoresis analysis of the rLAPII protein collection during the
purification procedure.

The proteins were analyzed with 10% SDS-PAGE, and visualized by
Coomassie Brilliant Blue staining. Lanes: M, molecular weight marker of

protein standard; 1~6 indicated the fraction collection number of purification.
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Fig. 5 Effect of pH on the activity of rLAPII.

Buffers used were as follow: 20 mM Citrate-phosphate (pH 3.0-7.0); 20 mM
Na2HPO4-NaH2PO4 (pH 6.0-8.0); 20 mM Tris-HCI (pH 7.1-9.0) and 20 mM
Glycine-NaOH (8.6-10.6).
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Fig. 7 Inactivation of the purified rLAPII by H,0,. The enzyme was incubated
in the presence of fresh H,O, and 50 mM Tris-HCI buffer (pH 8.0) at (®) 4°C ;
(w) 30 °C and (A) 55 °C, respectively. Residual activity is expressed as a

percentage of a nontreated enzyme control.
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Fig. 8 Analysis of native and oxidized forms of rLAPII by (A) SDS-PAGE and
(B) nondenaturing PAGE.

Before electrophoresis, the enzyme was incubated with the indicated
concentrations of H,O, at 55°C for 30 min. Lanes: M, molecular mass marker;
1. native rLAPII; 2, rLAPII treated with 50 mM H,O,; 3, rLAPII treated with
100 mM H,O,; 4, rLAPII treated with 300 mM H,0,.
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Fig. 9 FT-Raman spectra of native and oxidized forms of rLAPII.
A, native rLAPII; B, rLAPII treated with 50 mM H,O,; C, rLAPII treated with

300 mM HzOz.
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Fig. 10 The surrounding DNA sequence at the specific methionine site of B.

stearothermophilus tTLAPII.
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Fig. 11 SDS-PAGE analysis of wild-type and methionine mutant enzymes.

Lanes: M, #&# & &+ & 3-v ; 1, wild-type; 2, Met82LeuM; 3, Met88Leu;
4, Metl36Leu; 5, Met254Leu; 6, Met382Leu.
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Fig. 12 Oxidative stability of the purified wild-type and mutant rLAPIIs.
Wild-type and mutant enzymes were incubated in the presence of fresh H,O, at
the indicated times. Symbols : (), wild-type enzyme; (1), Met82Leu; (<),
Met88Leu; (O), Metl36Leu; (H), Met254Leu; (@), Met382Leu.
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Fig. 13 Multiple alignment of aminopeptidases from M29 family.

The abbreviations of the sources of the individual leucine aminopeptidase :
LAPII, B. stearothermophilus, Q9KAP2, B. halodurans; Q8EMI19,
Oceanobacillus iheyensis; AAS39295, B. cereus ATCC 10987; Q81ZEO0, B.
anthracis Ames; Q8XIW6, Clostridium perfringens, AMPS BACSU, B.
subtilis; Q892U1, C. tetani. The red color indicate that residue with high

consensus; and the blue color indicate low conserved residues.

80



D61A ron D180A ron D308A gev) D339A gev)

*A-C R fA—>C *TG *TG
GTGGAACGLCGAGGLGL S5 7 TESEcensgass ccc-ccmmucc(.mm GC GTTTTEAG CAAACAGC
216 220 100 110

ﬁh’m W Mﬂmﬂﬂm
| /' It
- .|'|.| M
D3 SOA(For) D391A(F0r) D3 96IA(For)
7 ®AC ®A—C ®AC
T AACAT TGCCGGCGT GAC GAEGI.ME{E EGGMECI
130 140

ol O A

B+ 2 - B. stearothermophilus TLAPII DNA B 7|¥ % [* * B2 ¢ 2 BLR B h
METE o

Fig. 14 The surrounding DNA sequence at the specific aspartic acid site of B.

stearothermophilus tLAPII.
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Fig. 15 SDS-PAGE analysis (A) and activity staining on native PAGE (B) of
Asp mutant enzymes. Lanes : M, molecular weight marker of protein standard;
1, wild-type; 2, Asp61Ala; 3, Asp180Ala; 4, Asp308Ala; 5, Asp339Ala; 6,
Asp380Ala; 7, Asp391Ala; 8, Asp396Ala.
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Fig. 16 Reactivation of EDTA-treated wild-type and Asp mutatic enzymes by

10 M Co*" addition.
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Fig. 17 The surrounding DNA sequence at the specific histidine site of B.

stearothermophilus tTLAPII.
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Fig. 18 SDS-PAGE analysis (A) and activity staining on native PAGE (B) of
His mutant enzymes. Lanes : M, molecular weight marker of protein standard; 1,

wild-type; 2, His191Leu; 3, His227Leu; 4, His345Leu; 5, His378Leu.

85



(3wy) Aanow oy1oadg

HI91L H227L H345L H378L

Wt

Apo-enzyme

v E o

His % 2 ¥ % ehi &

g

23]

B~ 1 - EDTA fJg2 2 9%
C02+5,"j§ v g 5 10 uM o

Fig. 19 Reactivation of EDTA-treated wild-type and His mutant enzymes by 10

uM Co”" addition.
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Fig. 20 The surrounding DNA sequence at the specific aspartic acid and

histidine site of B. stearothermophilus tTLAPII.
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Fig. 21 Reactivation of EDTA-treated wild-type and mutant enzymes by 10 uM

Co”" addition.
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Table 1 Purification scheme for the His¢-tagged rLAPIL.
Step Total Total Specific Yield Purification
activity protein activity (%) (fold)
(U) (mg) (U/mg)
Crude extract 2560 55 46 100 1
Ni-NTA 1957 4.6 425 76 9.2
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Table 2 Substrate specificity of TLAPII.

Substrate (1 mM) Specific activity (U/mg) Relative activity (%)
Leu-NA 23.43 100

Arg-NA 10.87 46.3

Lys- NA 8.87 37.8

Ala- NA 3.87 15.2

Pro-NA 0.07 0.3

Val-NA 0.05 0.2
Phe-Ala-NA 0.02 0.1

Glutamic acid-NA 0.02 0.1
Ala-Ala-Pro-Leu-NA 0.04 0.2

Purified AP II was incubated in 20mM Tris-HCI buffer (pH7.5) containing
ImM amino acid-p-nitroanilide at 55°C for 10 min. The reaction was stop by

the addition of 10% acetic acid.
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Table 3 Effect of divalent cations and various reagents on rLAPII.

Reagents and/or conditions | Concentration Relative activity
(mM) (%)
Control 100
EDTA® 1 13
10 0
DTT” 1 8
10 0
PMSF* 1 73
10 0
C0+22 1 381
Zn" 1 6
Mg*z 1 106
Mn" 1 27
Ni" 1 11
Ca® 1 86
Cu" 1 0
Hg" 1 1
Inactivated by 10 mM
EDTA and reactivated by:
Co" 1 391
Zn" 1 2
Mg 1 5
Mn " 1 13
Ni" 1 4
Ca" 1 27
Cu" 1 0
Hg™ 1 0

“EDTA, ehtylenedinitrilo-tetraacetic acid.

’DTT, dithiothreitol.

‘PMSEF, phenylmethlsulfonyl fluoride.
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Table 4 Primers used for site-directed mutagenesis of rLAPIl from B.

stearothermophilus.

% RMEA TES
Met82Leu 5’-CGAATATCCGCTGTTGCGGGC-3’
Met88Leu 5’-GGGCAAGAGCCTGGGAAGAAC-3’
Metl136Leu 5’-GAGCGCCATTCTGGCCGACCG-3’
Met254Leu 5’-AGTGTTTACCCTGCCGCATAA-3’
Met382Leu 5’-CGTCGACTTTCTGATCGGCTC-3’
Asp61Ala 5’-GAGTGGAACGCCGAGGCGCT-3’
Aspl80Ala 5’-CACCCGCATCGCCCAAGACGG-3
Asp308Ala 5’-GCTTGACACCGCTGACGGCGC-3°
Asp339Ala 5’-ACACGCTGTTTGCTGAAAACG-3’
Asp380Ala 5’-TCGTCCACGTCGCCTTTATGAT-3’
Asp391Ala 5’-ATCTGAACATTGCCGGCGTGAC-3’
Asp396Ala 5’-GCGTGACGAAAGCCGGGAAGC-3’
His191Leu 5’-CCTGGCGCGAACTTAACGACCG-3°
His227Leu 5’-CGTCGACGGGCTCGTATGGCAC-3’
His345Leu 5’-ACGCCGCTTGCCTTTTGGCGCTC-3°
His378Leu 5’-ACAGCCTCGTCCTCGTCGACTTT-3°
Asp61Glu 5’-GTCGAGTGGAACGCGGAGGCGCT-3’
Asp308Glu 5’-CTTGCTTGACACCGCGGACGGCGC-3’
Asp380Glu 5’-CTCGTCCACGTCGCGTTTATGATCG-3’
His345Arg 5’-GACGCCGCTTGCCGTTTGGCGCTC-3’
His378Arg 5’-CAGCCTCGTCCGCGTCGACTTTATG-3’
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Table 5 Specific activities and kinetic parameters of wild-type and Met mutant
enzymes.

Enzyme Specific activity K., Keat keat | K
(Umg™h) (mM) (min™") (min”' mM™)
Wild-type 133.4 0.9 17.3 19.2
Met82Leu 132.6 1.0 19.4 19.4
Met88Leu 131.1 0.9 20.1 223
Metl36Leu 90.9 0.9 9.5 10.6
Met254Leu 116.7 0.8 17.0 21.3
Met382Leu 108.5 1.0 18.1 18.1
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Table 6 Specific activities and kinetic parameters of wild-type and Asp mutant
enzymes.

Enzyme Specific activity K., Keat keat | K
(Umg™h) (mM) (min™") (min”' mM™)
Wild-type 133.4 0.9 17.3 19.2
Asp61Ala 15.5 2.2 7.0 3.2
Aspl180Ala 85.0 1.3 16.5 12.7
Asp308Ala 3.5 1.1 6.8 6.2
Asp339Ala 323 1.7 10.0 59
Asp380Ala Inactive ND ND ND
Asp391Ala 93.8 1.2 18.9 15.8
Asp396Ala 92.3 1.3 26.2 20.2

ND, not determined
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Table 7 Co”" affinity of wild-type and Asp mutant rLAPIIs.

Enzymes Specific activity Co*" conc.
(U/mg) (uM)

Wt 29.3 5
D61A 26.7 5000
D180A 27.5 50
D308A 26.5 50
D339A 27.3 10
D380A ND o
D391A 27.2 10
D396A 30.0 5

'The data showed that the Co>" concentration addition for the highest specific
activity of wild-type and Asp mutant rLAPIIs.
’ND, not detected.
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Table 8 Specific activities and kinetic parameters of wild-type and His mutant
enzymes.

Enzyme Specific activity K., Keat keat | K
(Umg™h) (mM) (min™) (min”' mM™)
Wild-type 133.4 0.9 17.3 19.2
His191Leu 91.3 1.2 27.3 22.8
His227Leu 60.8 4.4 51.4 11.7
His345Leu Inactive ND ND ND
His378Leu Inactive ND ND ND

ND , not determined
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Table 9 Co”" affinity of wild-type and His mutant rLAPIIs.

Enzymes Specific activity Co*" conc.
(U/mg) (HM)

Wt 29.3 5
HI91L 30.4 5
H227L 29.4 5
H345L ND R
H378L ND

'"The data showed that the Co>" concentration addition for the highest specific
activity of wild-type and His mutant rLAPIIs..
’ND, not detected.
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Table 10 Co®" affinity of Asp and His mutant rLAPIIs.

Enzymes Specific activity ~ Co”" conc.
(U/mg) (M)

Wild-type 29.3 5

D61E 29.2 10

D380E ND

H345R ND

H378R ND

'The data showed that the Co®" concentration addition for the highest specific
activity of wild-type, Asp and His mutant rLAPIIs.
’ND, not determined.
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Debittering mechanism of protein hydralysate by aminopeptidase.
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The structure of methionine and its oxidative products.
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Active-site of aminopeptidase from Streptomyces griseus based on X-ray

crystallography.
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Shapes of commonly encountered coordination polyhedra representing ligands
(L) and metal ions (M).
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10 20 30 40 50 60

AP-Th MDAFKRNLEKLAELATRVGLNLEKGQEVIATAPTEAVDFVRLLAEKAYREGASLFTVIYG
AP-T MDAFKRNLEKLAELAIRVGLNLEKGQEVIATAPIEAVDFVRLLAEKAYREGASLFTVIYG
AP 11 I\/H\IRWEKELDKYAELAVKVGVNIQPGQTLFVNAPLEAAPLVRKIAKTAYETGAKHVYFEWN
70 80 90 100 110 120
AP-Th DQELARKRLALAPEEGLDKAPAWLYEGMARAFREGAARLAVSGSDPKALEGLPPEKVGRA
AP-T DQELARKRLALAPEEGLDKAPAWLYEGMARAFREGAARLAVSGSDPKALEGLPPEKVGRA
AP 11 DEALTYIKFHI—IAPEEAF SEYPMLRARAMEELAEQGAAF LSIHAPNPDLLKDVDPKRIATA
130 140 150 160 170 180
AP-Th QKANARAYKPALEAITEFVINWT IVPFAHPGWARAVFPGLPEEEAVRRLWEA TFQATRAD
AP-T QKANARAYKPALEAITEFVINWT I VPFAHPGWARAVFPGLPEEEAVRRLWEA TFQATRAD
AP T1 NKTAAQALANYRSAIMADRNCWSLISVPTPAWAQKVFGDLRDEEAIDKLWEAIFRITRID
190 200 210 220 230 240
AP-Th QEDPTAAWEAHNRALHEKVAYLNARRFHALHFKGPGTDLVVGLAEGHLWQGGATATKGGR
AP-T QEDPTAAWEAHNRALHEKVAYLNARRFHALHFKGPGTDLVVGLAEGHLWQGGATATKGGR
AP 11 QDDPIAAWREHNDRLARIVDYLNNKQYKQLVYEAPGPIFTVELVDGHVWHGGAATSQSGV
250 260 270 280 290 300
AP-Th LCNPNLPTEEVFTAPHRERVEGVVRASRPLALGGTLVEGIFARFERGFAVEVRAEKGEEV
AP-T LCNPNLPTEEVFTAPHRERVEGVVRASRPLALGGTLVEGIFARFERGFAVEVRAEKGEEV
AP 11 RFNPNIPTEEVFTMPI—H(DGVNGTVRNTKPLNYNGNVIDGFTLTFKDGQVVDFSAEQGYET
310 320 330 340 350 360
AP-Th LRRLLDTDEGARRLGEVALVPADNP I AKTGLVFFDTLFDENAASHTAFGQAYQENLEG- -
AP-T LRRLLDTDEGARRLGEVALVPADNP I AKTGLVFFDTLFDENAASHTAFGQAYQENLEG- -
AP TI LKHLLDTDDGARRLGEVALVPHQSPVSLSNLIFYNTLFDENAACHLALGKAYPTNIENGA
370 380 390 400 410
AP-Th RPSGEAFRKRGGNESLVHVDWMIGSEEMDVDGLYEDGTRTPLMRRGRWVV 408
AP-T RPSGEAFRKRGGNESLVHVDWMIGSEEMDVDGLYEDGTRTPLMRRGRWV I 408
AP TI SLSKEELDRRGVNDSLVHVDEMIGSADLNIDGVTKDGKREPIFRSGNWAFELA 413

E S skoosk skekekekeskesk skekekoek ke Rk sk ok sk

“t®lZ ~ APIl ~ AP-T & AP-Th ﬁ-r Z_ ”kéﬁg F L ¥ o
v 4+ KR D APIL k& p B. sterarothermophilus ; AP-T ® p T. aquaticus ; AP-Th
% f T thermophilus » %k #8477 & 5 AP-T 3o ameipa 4 o

Multiple alignment of amino acid sequences of Aminopeptidase Il from B.
stearothermophilus, Aminopeptidase T from Thermus aquaticus YTI1, and
Aminopeptidase Th from Thermus thermophilus HBS. Asterisks indicate amino

acids characteristic of the AP-T family.
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- $ GIE E[F R R RIG|G[N E[sIM)
NLEG- - RP S GlEM FRK RGN ELS

"R~ AP-T 725 % C b= Afh B 52 v 4 o

w4t KR PepS Xk p S, thermophilus ; AmpS Xk g B. subtilis ; APIl X p B.
sterarothermophilus ; AP-T % p T aquaticus ; AP-Th X g T. thermophilus °
FF W > AR 0 Bk R ELA T B AP-T poEF ol pes K o

Multiple alignment of C-terminal amino acid sequences of PepS from S.
thermophilus , AmpS from B. subtilis , APIl from B. sterarothermophilus ,
AP-T from T. aquaticus and AP-Th from T. thermophilus . Conserved regions
between PepS and the other aminopeptidases are boxed; asterisks indicate

amino acids characteristic of the AP-T family.
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(A) (B)

B - ~(A) £ coli Met AP 2 (B) Rhodococcus sp. R312 nitrile

hydratase 7% f* ¥ w2z " fe A A2 Co' g+ B L enX L2 L2t H -

Structure of the catalytic metallic core of the E. coli methionine aminopeptidase

(A) and the nitrile hydratase from Rhodococcus sp. R312 (B).
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Step 1
Plosmid Preparation Gene in plasmid with

target site (@) for mutation

Step 2
T five. Cuck Denature the plasmid and anneal the
g b gk oligonucleofide primers (#) containing

the desired mutation (X)

Using the nonstrand-displacing
action of PfuTurbo DNA polymerase,
extend and incorporate the
mutagenic primers resulfing

in nicked circular strands

Step 3
Digestion
Digest the methylated, nonmutated
parental DNA template with Dpn |
Mulated plasmid
(contains nicked
circular strands)
Step 4 Transform the circular, nicked dsDNA
Transformation into XL1-Blue supercompetent cells

After fransformation, the XL1-Blue
supercompetent cells repair the
nicks in the mutated plasmid

LEGEND
= Porental DNA plasmid
j Mutagenic primer
_ Mutated DNA plasmid

Ficure 1 Overview of the QuikChange® site-directed mutogenesis method.

B~ > QuikChang % k% % % £/ 42 ]

Overview of the QuikChang site-directed mutagenesis method.
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ATGAATCCAAAAAAAGGAGTAACAAGATGAATCGCTGGGAAAAAGAATTGGACAAGTACG
M N R W E K E L D K Y A
CCGAACTGGCGGTGAAAGTCGGGGTGAACATTCAGCCCGGGCAGACGCTGTTCGTCAACG
E L AV X V.G VvV N 1T Q P G Q T L F V N A
CCCCGCTCGAAGCGGCGCCGCTCGTCCGCAAAATCGCCAAAACCGCGTACGAAACCGGGG
p L E A A P L V R K I A K T A Y E T G A
CGAAACACGTGTATTTCGAGTGGAACGACGAGGCGCTTACATACATTAAATTTCACCACG
K H vY F E WN D E A L T Y I K F H H A
CCCCAGAAGAAGCGTTTTCCGAATATCCGATGTTGCGGGCAAGAGCGATGGAAGAACTCG
P E E A FS EY PM LR A R A M E E L A
CCGAACAAGGCGCTGCCTTTTTATCCATTCACGCCCCGAATCCGGACTTGTTAAAAGACG
E Q G A A FL S I H A PN P D LL K D V
TCGATCCAAAGCGGATCGCGACCGCCAATAAAACAGCAGCGCAAGCGCTCGCCAACTACC
bP K RT A TANIKT A A Q A L A N Y R
GGAGCGCCATTATGGCCGACCGGAACTGCTGGTCGCTCATTTCCGTCCCCACACCGGCGT
S A I M A D R N C WS L I S V PT P A W
GGGCGCAAAAAGTATTTGGCGATCTGCGCGATGAAGAAGCCATCGACAAATTATGGGAAG
A Q K vV F G b LR D E E A I D K L W E A
CGATTTTCCGCATCACCCGCATCGACCAAGACGATCCGATCGCTGCCTGGCGCGAACATA
I FR I T R I D Q D D P I A A W R E H N
ACGACCGGCTCGCCCGCATCGTCGATTACTTAAACAACAAGCAATACAAACAGCTCGTTT
b R L A R I V D YL N NIK QY KQ LV Y
ACGAAGCGCCAGGACCAATCTTCACAGTCGAGCTCGTCGACGGGCACGTCTGGCACGGCG
E A P G P I F T V E L vVD G H V WH G G
GCGCGGCGACGAGTCAAAGCGGCGTGCGCTTCAATCCCAACATCCCGACCGAAGAAGTGT
A A TS QS GG VvV R F NP N T P T E E V F
TTACCATGCCGCATAAAGACGGCGTCAACGGCACAGTGCGCAACACGAAGCCGCTCAATT
T M P H K D G V NG T V R N T K P L N 'Y
ACAACGGCAACGTGATCGATGGTTTTACGCTCACGTTCAAAGACGGGCAAGTCGTCGACT
NG N V I DG F T L T F K D G Q V V D F
TCAGCGCCGAACAAGGATATGAGACGCTTAAGCACTTGCTTGACACCGATGACGGCGCGC
S A E Q Gy E T LK H L L D T D D G A R
GCCGCCTCGGGGAAGTCGCCCTCGTGCCGCACCAATCGCCGGTGTCGCTGTCCAATCTCA
R L G E VAL VP H QS P V S L S N LI
TTTTTTACAACACGCTGTTTGATGAAAACGCCGCTTGCCATTTGGCGCTCGGCAAGGCGT
FY N T L F D E N A A C HL A L G K A
ATCCGACCAATATCGAAAACGGCGCCTCTCTTTCCAAAGAGGAGCTTGACCGCCGCGGCG
Yy p T N I E N GA SL S K E E L D R R G V
TCAACGACAGCCTCGTCCACGTCGACTTTATGATCGGCTCAGCTGATCTGAACATTGACG
N D S L v H V DFM 1T G S A DL N T D G
GCGTGACGAAAGACGGGAAGCGCGAGCCGATTTTCCGCAGTGGCAACTGGGCATTCGAAC
v T K D GG K R E P I F R § G N W A F E L
TGGCG%éATCGGTTTCGCCAGCTCTAAACAATTAAGTGCGCCAAACGAGCGGCCAGACCC
A

‘B4 ~ B. stearothermophilus LAPII 2_ 1 H fe &2 "= L fe 7 71 o

The nucleotide and amino acid sequences of LAPII

stearothermophilus.
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60
12
120
32
180
52
240
72
300
92
360
112
420
132
480
152
540
172
600
192
660
212
720
232
780
252
840
272
900
292
960
312
1020
332
1080
352
1140
372
1200
392
1260
412
1320
413

from B.
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