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ABSTRACT

Thermus thermophilus Inorganic pyrophosphatase (E.C. 3.6.1.1., Tth PPase) exhibits high thermostability, but
thermal aggregation was observed on heating above 85 °C. In addition, we reported that sole cysteine in
C-terminal region plays a key role in the thermostability and thermal aggregation of 7Tth PPase [Kohaku, Y. ef al.
(2008) Natl.Sci.Res., 22, 75-84]. In this study, we approached the suppression of its thermal aggregation by
error-prone PCR mutagenesis of whole molecule or C-terminal region. Firstly, we obtained thermostable four
variants (Q119H/L162F, L162F, K173E and K159E/A170T) by error-prone PCR mutagenesis. Moreover, we
examined thermostabilities of four variants in terms of the enzyme activity, tertiary and quaternary structure.

Although conformation and quaternary structure of four variants were almost the same as those of wild type
enzyme in native state, K173E and K159E/A170T variants showed higher thermostabilities than wild type in
tertiary and quaternary structure. In particular, thermal aggregation of these two variants would be suppressed
after heating at 85°C. Therefore, it was suggested that Lys159 and Lys173 in the molecular surface of C-terminal
region may contribute to the formation of thermal aggregation of Ttk PPase.

Keywords: Thermophile, Pyrophosphatase, Error-prone PCR, Directed evolution, Thermus thermophilus

1. ¥#S PPase)”, H145 FE iF BVEA T Thermophilic bacterium
PS - 3%, Bacillus stearothermophilus (Bst PPase) %)

AWFFER G T 2B v U FRINIK o) iR % kD PPase 72 EVHE SN THY . S HITHH
% (PPase) X B H DA £ CTIK FFE L. Mg Sulfolobus acidocaldarius © <>  Pyrococcus
O MMEEA A DIFET T 1 4O horikoshii PPase "0 =R JT LIAKEYE L MEBE O FE BY
vu U iy 2 OB Y VRRICIKSMRYT SOV THHRE SN TN D, 20 ) BANTERNS:
DGz 5% TH Y . DNA L RNA A% ToH 2D Trh PPase 1L, —KI%IEI L O X ik ab fig
OEREN ) E LTE YV, ZhE TIcEBEAYRK LD =R AEEN IS S TR Y,
O PPase & L T Eschericia.coli (E.coli PPase)”. & HERHTZV 1747 XV BIREN D725 6 &K%
JE T B8 Thermus themophilus HB8 (Tth TR L T 5 (Fig.1)V®, Tth PPase 1% 80°C T 1h
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DINEGE & BEEIEME B L ORI E N L E TH
Y OIEWE 2 77208, 85°C UL _E oo B C B £
ZEITZENFESATEY HOY Z o
LI G T 2B T 2 EITIE & A B,
ZOBLEN ST 21X, Tth PPase 4y 121 ICAFLE
T 5 2AKD a-helix(ABIOBUZEBHL, 2D
H a-helix Al 6 &IKD 3 EA—3 EERAEHEE
i% L. Thr138 <° Alaldl 72 D7 3/ By HAuI8H
@O EAEADEIRICI T 5 DR AE ST R AE
WCEAET 22BN E L, E5I123 &K
—3 BARRmE D Thr138 & Alal4l % Hisl38 &
Aspl4l |[ZWETDHZ L TCEBKRRmOA A M
ML, —ERMRAENALE LTI itk -T
ANEEOZEENH ETHZ 0 P, Z0a
-helix A (Z#¢ < flexible loop > Alal44-Lys145 &
ZRESEDL EAEBENRMEI SN ZELHL
ML TnA D,

—J5. C RN H 5 «-helix B IZZEMEDBME
REBXOLNTEY, BEMETER L Cysl68
By L2 E LiEy b3 5 2 & T, e %
SlEft Z 9 Al VURIB S N TV D, T DOELE
Ala IZfEHL L7 C168A 28 BRI, EVEELE & 1kl 9
L2 ERMESNTWAR Y, Foho g s
BE I IEIE IO W T STl e, #
ZCAIZETIX, a-helix B Z&Tr C RKumiEhg
B W TEVZEMSCEVREICE T 2527 X
B ZHHICERT 2720, L LHEHFE
(error-prone PCR)'V% T Z OFEIKIC T & 4
TERIE R B A A7 ) —= 0 72 L0 e
TR B EE SR AR U A5 AT 48 BRI R
%%ﬁ%%&ﬁ%ﬁﬁ%;@@ﬁ%&@ﬁ%%

?‘ L/f:o

2. EBRFIE

A B L OHE
EYTFUMBT o= AR, L-T
b= V20 = 3l ULV NN ol = S BV 7 & B MUY
Lo 10 Kfm, FU A (B ReFdFAF0) 7
I AZ Yy HiET MY UL =KL, Fok
MK TELVIEA L7, T4 DNA ligation Kit ver.2
IXEEE LV | HIFREEFEIL Promega, New England
Bio Labs 3 X OVEHEEN LA LT, b~ 7 %
T LARIKFIIE R ILI{EF K U . DEAE-cellulose
ILFn Y Hli 3 T2 X 0 | Sephacryl S-200HR (&
Pharmacia £ 0 TN ZEHEA LT, ORI
T TR A L7,

Error-prone PCR IZ & % Tth PPase E{nF~D
UK LARREREA

F 2 WIS BB 21 error-prone PCR 75 P %
vz, i@ O PCR BUGIKOAAIZ . Mn®",
dATP/dTTP, %721 dCTP/AGTP % % % D f fE i
FEA 0.1~0.5mM, 1mM (2725 K 5z, Tth
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Fig.1 Three-dimensional structure of 7th PPase
The three-dimensional structure of hexameric (A) and
monomeric (B) Tth PPase. The figure was drawn by a
Molecular Graphics Program, Swiss-Pdb Viewer
Ver.4.0 (Swiss Institute of Bioinformatics). The X-ray
structural data for Tth PPase was obtained from the
Protein Data Bank (PDB code 2PRD)®.

PPase Wi A &SN/ 7 7 A I KRR T X —
pUCTPPCR % #% & L T, Taqg DNA Polymerase
(Promega)lZ L Y PCR (94°C, 1 53—61C, 1 43—
74°C, 1 5% 30 A 7 V)y&2{T->7=, PCR 77 A
~—I%. upper 77 A ~—7» 5-GACCTACAAGG
CCCTCGAGGCCAAGAA-3" (No.5 primer; 27mer,
Tth PPase @ Glul37—Lys146 (2 4) F 721
5’>-GTGTGGAATTGTGAGCGGATAAC-3> (No.8
primer; 23mer, pUCTPPCR O Tth PPase i&1s 1D 1
WAl O 77 A RN B SNIZFEY) . lower
primer 73, 5’-TGCTGCAAGGCGATTAAGTTGGG
TAAC-3> (No.9 primer; 27mer, pUCTPPCR @ Tth
PPase J15F O Tl 7 2 I RNHEEELSIIC
M) 2 AWz, 15§ 5B s 1-H#ER & | Tth
PPase DFEBI~ 7 % —pETTP OxtIed 5 a8k & A
ez ERAIEE N7 2 —pETTPEPCR % 4L
L7,

BRRBERZRORI ) —=F

IR 2 — % KIGE BL21(DE3)ER T
JEEHAHL L, LB/Amp ZEREM ECABF I E =
n=—%2Y7 477 ) —LL, Fan=—%
96 /X7 L — k@ LB/Amp RIS HICHEE L.37°C
T 16h £538 L 7=, K53 #K|Z Bugbuster (Novagen)
Z N Z 25°CC 20 ez L CRIGHE %
BWHE L, iR E Lz, RIZZD 96 7 L —
&S SMITTIE L7254, K E T 10 min A
L. FWEOIEEREZIT-77= 9, 96 T L— b
\Z 1mM MgCl, & 1mM PP; =& ¢ 80mM Tris -
HCI #EEiH(pHS.0) 2511 (2 HiGEEERIR) % 3
pl Nz, 37°CT 10 77 RIE L7, 3%(v/v)ild
W HEMBYRIR 2 25 n LN A TR L. BEE RS A5



mEg e a U U BRINK S EEESR @ error-prone PCR & R A [T L 5 Z\EEE AN

&7, I 150l @ 50 M FRERSRERTE. 15
ul O 1%WNEY 7T VBT V=T ARIKR,

10ul ® 1%(w/N) L-TAaLve gt Y oi
WiRZEM &4, 10 ERER ., BEOMED XY
W a—aEN L, EE L e— D
77 A3 K DNA %%l L DNA i EEE 5 E %
1TV, BEREN.DRIEZIT- 7,

BATNBRRBIOCERYEROBH

B AR R S K OVE RIEER O RRUILL T O
FINETIT /2 o 1o BPARIEER RS T-36 KL OV RAY
MR EE T2 BB T % —pETTP B LW
pETTPEPCR % K55 BL21(DE3)#: TR AL L
72 15 DAV B ERIAR 2 R R B H I H R % (8]
L., BEREMA 2T VRS, Zhz
DEAE - Cellulose [&A 4> &M ra~ K757 4
—. Sephacryl S - 200HR 7' /L A7 v~ s 777
A =2 LD T DEAEEATV BRIKEIRYIZ H—
IR RAE S 2 15T,

BREEDOAIEE X VX EBEER

PPase D F{E ML, Peel & Loughman @ 5k
IZHEW 3T CICTUT R o219 F-, 20 B
TR OPEIL. bovine serum albumin & A= YE & L
SN7E L LT, Bradford HEICE VT2,

BN CD A7 FLVOHEIE

CD A7 huix, TEILERTRAR I
P CHRIE 21T o 7o, BIERE 2 &# 37 EIRE
Z 0.1lmg/ml [ZFHH U | =R IZ T J-720 dichrograph
(JASCO)Z X Y JIE #1T > 7=, Imm A H#t /L% H
VT, 200nm 75 250nm OFFMRAZRE L, 4
FFEM R (0] (deg* cm®/dmol)\ZZEH# L7-, £7-.
a-helix EHEIE, KA»OHEHLEZ Y,
o -helix Z8(%) = —( [ 0 Jomm +2340) X 100/
30300

AT M OBEIE

PP AR 3 K OVEBAFER D WE AT K
JVORIEIX, F-2500 spectrofluorometer (Hitachi)lZ
X0, 2RI ERE% 0.05mg/ml & L, 20mM
Tris-HC1 buffer (pH 7.8)% ¥AMt & L T=IR T1T-
72, Trp H Y A2 R JLIX Tth PPase N Trp 5%
(Trp149 B L O Trpl55) = NEME T v —7 L L, i
FLIE R 295nm,  #OGHIE IR & 320~ 400 nm |2
RE LHE LT, BVZEMICEBIT HHE A~ b
JAEIER, Z 37 BIREE 0.05mg/ml (ZFHERE L 72
FERIAIR A% 40~90° COFKIRE T 1 KR INEZ K
WmL, ERLOFRMETHEIEART MV EHNE LT,

VU IR A8 & D 43 B

PP AT TR 3o L OV BAEESR D 45 F B O W E
X, 50mM Tris-HCI buffer (pH 7.8) % B &HHIZH
VN CLHPLC (285t L 7= TSKgel G3000SW 1 7 A
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(Tosoh, 7.5mm ILD. x 30cm) (Z &Y FiE Ti172 -
720 WEH 0.3ml/min TEE Spg ZIEAL, HE
280nm THEH L7z, @t X OREHI AT 045
pm 7 /L% —(Millipore) T Aitd L 7= & D % fifi F
Lz, BVEZEMIZR T 2 UKkEEDO ST, # v
XY EYRIE 0.1mg/ml (2 FHT U 7= BERVRIR & 40~
90 C DAL T 1 BEMIINEVE KM L, 512045
pm 7 A VA —5iE%OREE | LFEO S CH
E LT, G-t dh#ROmiIFE I, chromatopac
CR - 6A (Shimadzu) % AW THEH L7=,

3. EBHER

ERABEBEOR I Y —= T BIOEEEH
D [FEE

£9°, Tth PPase #{s 1 ® Thr138 7> & Glyl74
Zate C RESEBICH Y 3 5012 % L, No.5
upper primer ¥ I TN No.9 lower primer Z VT,
error - prone PCR 247V, 7 X LR ZEANL
72 2D & & dANTP DJRFEIZEH VT JATP & dTTP,
F 721X dCTP & dGTP 3@ % O SKGFEEL L Y 1mM
BV O L Mn? TR % 0.1,0.25.0.3,0.4,0.45mM
EEZTELDE, iAEHET PCR 21T- 72,
ZOfEFR . 1mM dCTP, dGTP & 0.45mM Mn*" %
G ISR T O I PCR BENE BT S HEER T X 707
ST, £ 2T PCR HEK AR TE 72 1 mM
dCTP.dGTP ¥ X 10 0.45mM Mn*" % & Te Stk DL
OB 2 ZRA L. HIBREEFRIC X 280k &
T4 U 7 —BIZ X 5 ligation IZ L V| BERBLRT%
FHRART B —ITHIANTE, IRICZ DRI H—%
FAWTKIGE BL2I(MDE3) K Z T Elf L 2w =
— 5714 .96 T L — kTR A ITUVINE % .
SMEEZZ 1 R~3 RAT V—=2 7 (K :
90°C., 2 WFREINEL, — ¥k : 90°C. 3 WEfHANEA,
1 95°C, 30 A3 NEYIZ KV 1948 fEth 5 1 oDt A
MR Lt an =—257, 2hb 5 HD
oo =—ORBMERZITV, DNA HEEESIRE
IR EBRENEZRE L, TORERSHDO O H
2 EIZEF AT Tth PPase Tho7=0°, F 5 3 i
ZFhZEF. LI62F(TTG—TTT). K173E (AAG—
GAG). KI159E (AAG—GAG)/A170T (GCC—ACC)
DT X BRI ERSHR ST,

WRIZ., Tth PPase BfnAEMEIZx L THIAER
|Z error-prone PCR 1T\, 7 & AR ZE AL
72, No.8 upper primer ¥ & UF No.9 lower primer %
FAVNT | Tth PPase it {5 1125 & [RIBE D S4TPCR
ATV B LN BRI L AR 2 —|H
TR, KW BL21(DE3)RE 2 B #s#e L 7=, 96
N7 L— N TEEEZITOVIREEL., SME2E271
W~3RAYZ V—=2 7 (—¥:80°C. 1 FFEINEN,
TR 2 90°C, 1 EEREINEA, =Wk : 100°C, 1 REREI0
B2 X0 2400 fiE P 18 O EVE 2 (R L7 B
an=—%&7, ZOEEMERER % DNA
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TableI The characteristics of wild type 7tli PPase and variants.

Enzymaticactivity Fluorescence spectra CD spectra Quaternary structure °

Specific Relative o-helix

activity activity ? A max Fmax® 4 [9] szlm  Content d

(units/mg) (%) (um) (@egem’dmol) " g

Wild type 890 100 3350 2770 —8480 203 Hexamer
Q119H/L162F 984 111 3360 3080 —8390 199 Hexamer
L162F 948 107 3350 2550 — 8450 202 Hexamer
K173E 846 95.1 3350 3010 — 8480 203 Hexamer
K159E/A170T 825 927 3350 2070 — 8330 198 Hexamer

@ The specific activity of wild type 7th PPase was taken as 100%. b Amax is the maximum wavelength of
tryptophan fluorescence spectra. ¢ Fmax is the fluorescence intensity (arbitrary unit) at the emission maximum of

tryptophan fluorescence spectra. d g - helix content was calculated by the following equation '®

), o - helix content

(%) = —([¢]222nm + 2,340) x 100 / 30,300. ¢ Quaternary structure was estimated from the elution profile on

TSK-gel G3000SW gel filtration chromatography.

WHREREYH®RE L E Z A, QII9H(CAG —
CAT)/LIG2F(TTG—=TTT)D 7 3/ Bk L & #a )
el S iz, ULEDOFER LY | Tth PPase DT
FNEFRRL LT, 4 FlOZ R (LI62F,
K173E, K159E/A170T, Q119H/L162F)23 5% & #u7z,

BARBRBIOELRAEBRORE L EH
FRRTHE LN 4 FEOERAEEREDORB Y
X — % KiGHE BL2I(DE3)RRIC TR B it L, 55814
MR 2R/ L=, 2 bz, 15%7 % v
72 SDS-PAGE 2LV pHrL7c & 2 A, 28 Al
T OB S 7= (Data not shown), & 512,
KEREZELZITV, BERMEIC X0 IEE S®CH
K D15 7-1% . DEAE—cellulose [&1 4 28
s v~ ~7Z 74—, Sephacryl S - 200HR 7' /L A
Wrua~ NI T7 40— KDH T LAEIEIC X
L ERIKEIAICH 72 4 FEDO L BAIEESE 2157,
BARIBERIZOWT S, RO FIEIC L 0 RS

il 2 1572,

BAAEBERL I OE RAE R O Initial
characterization

T EREANCLDEER~OEEERFT D
728, RO X N7 EHPRE % 0.1 mg/ml (8 A
N7 ML DOFH 0.05mg/ml) (ZFHEE L RIMNBEIKAE
(Native fREE)NC I 1T 2 B AEM S L OV BAEEFR D
BEIEME, “RAEIE(CD A7 Fov), =i (K
AT bv), UREE(T VAR a~ N7 5
7 A4 —NT DWW THEFT L 72 (Table 1),

FERIETE TR, BPAEMEERIEEE 100% & LT
FASHEM: 2 #£9 & (L162F 1% 106% . K173E 1% 95%.
K159E/A170T 1% 93% T 1, ZFE A2 L 5%
FIEEOBERZERIIR SN o 72, RIZ, B
RS X OV BRIEESE O RS A RETT A -
DIZ, WERI CD A7 MV ERIE LTz, £ D
AR, BRI LB LT, KRR O
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THEER L N a-helix & EICHHE R 2R ITHR S
Nhhote, SHIT, ZRE NI S = IREE~
DEEERFT D720, 5N Trp I A8
n—=7 & LT, BhiEIKE 295nm THEIEART b
NERE LTz, EORE, KL BB O Trp 7%
FEJED O STARREE AT AE C T n Z & 23R
B X7z, PRICARE ANIZ L5 UK E~DR
BEWETT 5720, RIMEBWREEIZHB W T, HPLC
Z 7= TSK - gel G3000SW 7 /L Aifd 7 v~ |k
TT 74— KD EITo T2, TOREE, Mk
I W9 d Hexamer TH Y  AHREAIZ LS
KA E~DEEBIIR N/ eho7-, LEL D,
B HENTED BERIETE SR &~ DB 7
EEIIENLDLEEZLND,

ﬁé%%%%i@%ﬁﬂ%%@%iﬁﬁ@ﬁ
ZRE

W, BERIEME A FEE L LC, AR X
OV B 32 DR IEME OBV B &2 e L7
(Fig.2), & #EHO.Img/ml)% 40~90°CC 1 B[N
Z L, 10 okt BERIEEOWE E1T -1,
Z DOFER QII9H/L162F D ENZE &M 13 B A= Tl e 3%
LR TH o =03, D28 B 35| B A T ik 35
\ZHERBVEZEVEDIR TR Bz, HEi2 80°CHN
gL Clx. BAREER ORFEEMIL 61.4% TH -
7275 .L162F 1% 38.8%. . K159E/A170T Tl 34.0%.
K173E TIiX 18.8% & BHE e A2 BB ST,

ii%%%%i@%&@%%@i%%ﬁ@ﬁ
ﬁ‘

By A RIS S J6 L OVAS AR S8 0D = YR i i 0D BVAZ
EMEDOZREZMEFTT 5720, &% 0.05mg/ml
(ZFR % . 40-90°CC 1 RERIANEN L | Trp @)L A
7 MVAZ KX 508 24T - 72 (Fig.3). & DfEHE.
QII9H/L162F, L162F 28 FiR L8 A MU E%E 2 & [Alkk
DT EM R LN, KIT3E B8 XL O
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K159E/A170T ZHAKTIE 85CLL EIZB W T =k
WEDOBLZENED ERANR LN, 2D L,
it 28 AL 3% T, 85°CINENVE B K 70% D Rl T
STBFEL TR Y, WA RS CIIBGEE N

100

50

Remaining activity (%)

40 50 60 70 80 90
Temperature (°C)

i S D ATREME DS RIR S LTz,

Fig.2 Thermostability of enzyme activity for wild
type Tth PPase and variants

The enzyme (0.lmg/ml) was incubated in 20mM
Tris-HCI buffer (pH 7.8) at the indicated temperatures
for 1 h. Then the enzyme activity was measured at 37°C
after rapid cooling, and the activity at 40°C was taken
as 100%. Symbols: O, wild type; O, Q1 19H/L162F, O,
L162F; O, K173E; A, K159E/A170T.

E?é%ﬁ%%io‘ LT OERAUEE R O M R HEE DB
R

£k 2 40°C 5 90°C T 1h iNE L, HPLC
Z 7= TSK - gel G3000SW 7 /LA 7 o~ b
7T 74— KD EAT o 1= (Fig.d), & DOREHR,
L162F X8 L bz LT 80°C T AI¥AMERL Sy
DD L OBEHE AR OB R b iz, £7-
K173E, K159E/A170T I8 W T DI, 80°C., 85C
INEGE T 4y FAb RSy (oligomer, >200kDa)d A=
RRME 22 S 7= (Fig.4(D),(E)), % Z T 85CIZHIT
5B K173E. K159E/A170T O DU kA% 18 0 #h
22 TE M & RIS A3 AT L 7=(Fig.5), &kl 85°C
T 10~30 4[N L, HPLC % A\ 7= TSK - gel
G3000SW 7A@ a~ 7o 7 4 —Zk b5
Wr&4T7 o772, T OFER, BpAR CIIEERE R D &
BRELTHOM L TWAOEERE— 7 (3822
IN7ginho7273, KI173E 3 X OV K159E/A170T T
I AT ME R 57 (oligomer, hexamer, trimer)23 i [ &
Fu. INEAEERT ORI IZ VY. hexamer D/ |
oligomer DM, trimer DA N L BT, iz,
K159E/A170T (2~ K173E TIE 10min 2% T
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® oligomer DAERKEN L ATz, 2D Z L)
5. KI159E/A170T 3 KON K173E TiE, 85°C THL
EEEE O HNHNZ L 5 T & 57 A Ak 23 D HE N A3
AT TERY ., Tth PPase IZRIT B EREA I,

100

50

Relative intensity (%)

L L 1 L | L | L |
40 50 60 70 80 90

Temperature (°C)

Fig.3 Thermostability of Tryptophan fluorescence
spectra for wild type Tth PPase and variants

The enzyme (0.05mg/ml) was incubated in 20mM
Tris-HCI buffer (pH 7.8) at the indicated temperatures
for 1 h. Then, the emission spectrum of each sample
was measured with excitation at 295 nm after rapid
cooling. On heating above 85 °C, each sample was
centrifuged after heating, and then its supernatant was
measured. The fluorescence intensity at maximum
wavelength was plotted as relative value to that at
40 °C. Symbols: O, wild type; O, Q119H/L162F, O,
L162F; O, K173E; A, K159E/A170T.

DA INE LT DI A Rl & B Al REME
TR X T,

I

AKHWFFETIX., Tth PPase D ENEE EM-CEMEREE A
ARG 2o 7 2 ) BREKICET 5 m A
55720, g geE| o/ Zp N Tth PPase O
a-helixB & de C RimfHIkIZ& H L, Tth PPase
BAT D a-helixB % &7~ C RKupElkl L 04
I b5y 7 L5 19 F 1k (error-prone PCR) %
W T U H WGESRE BARER R LT, £ OfE
B PUfE D2 B EE 3R (Q119H/L162F, L162F,
K173E, K159E/A170T)23 5 & 4172 (Fig.6).

AR BEE S 1T, Native JRRE CIIBERTEM:., —
WA, SRS, RS ISRV T, SRR
FLEOHELERIALON ST END
(Table T), ZZHE AIE, BEBETGME & SAAREEIZ K
B EREZINEBIZOND, TDI LI,
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Fig.4 Oligomeric thermostability for wild type 7th PPase and variants

Panels: (A) Wild type, (B) Q119H/L162F, (C) L162F, (D) K173E, (E) K159E/A170T. The enzyme (0.1mg/ml) was
incubated in 20mM Tris-HCI buffer (pH 7.8) at the indicated temperatures for 1 h. After rapid cooling, the gel
filtration chromatography was performed as described in MATERIALS AND METHODS. Composition was
estimated from each peak area of hexamer, trimer, monomer, and oligomer (component having much higher molecular

weight than hexamer) in the HPLC elution profiles. 100% was taken as the sum of all peak area after heating at 40°C.
Symbols: e, hexamer; O, trimer; A, monomer; m, oligomer.

W
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Composition (%0)
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Wild type

Heatingtime Hexamer
at85°C

Omin ﬁ_____l[k —

K173E

]\H

examer

K159E/A170T
[ Hexamer

Hexamer

momin e~ M

Trimer
/
Oligomer

20mMin  ———ee M N

Oligomer ~ Hexamer
Oligomer

Hexamer
Jexamer

H Hexamer
examer i ]
JeAdiliet Oligomer Trimer
_/\ALM'
Oligomer
Hexamer Hexamer

Oligomer .
~ / Trimer [/_Tnmer
e g .

0 10 20 30 40

Retention time (min.)

0 10

20

Retention time (min.)

30 40 0 10 20 30

Retention time (min.)

40

Fig. 5 The elution profiles of TSK-gel G3000SW gel filtration chromatography (HPLC) for wild type Tth

PPase and variants after heating at 85 °C

The flow rate was 0.3 ml/min. Each sample (0.1mg/ml) was heated at 85°C for the indicated times, and filtered by
Millex filter (pore size 0.45um, Millipore). 50ul of each protein after was injected to column, followed by eluted
with 50mM Tris-HCI (pH 7.8), and then analyzed as described in MATERIALS AND METHODS.
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Fig. 6 Three-dimensional structure of 7th PPase and
substituted amino acids by error-prone PCR .

The three-dimensional structure of monomeric 7th PPase.
The figure was drawn by a Molecular Graphics Program,
Swiss-Pdb  Viewer Ver.4.0 (Swiss Institute of
Bioinformatics). The X-ray structural data for 7th PPase
was obtained from the Protein Data Bank (PDB code
2PRD) [12]. Amino acids in the a-helix B forming ionic
interactions were drawn by red (acidic amino acid) and
blue (basic amino acid). Substituted amino acids
(GIn119, Lysl159, Leul62, Alal70, Lysl73) by
error-prone PCR were shown in green.
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