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Characterization of ATPase Activity of Chaperonin from the Hyperthermophilic Archaeon Pyrococcus horikoshii
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ATP drives the conformational change of the group II chaperonin from the open lid substrate-binding con-
formation to the closed lid conformation to encapsulate an unfolded protein in the central cavity. It is
thought that the folding activity of group II chaperonin is strongly correlated with the ATP-dependent con-
formational change ability. In order to confirm the dependence of the reaction temperature and ATP con-
centration of PhCpn, the ATPase activities were measured under different reaction temperatures and ATP
concentrations. The maximal ATPase activity of PhCpn was observed at 80C and 3 mM ATP concentration.
As a result of ATPase activity according to the type of salt ions, the highest activity was observed at 300 mM
LiCl among the univalent cations and 5 mM MgCl; among the divalent cations, respectively. The values of
Km and Vmax for ATP substrate were estimated as 2.17 mM and 833.3 uM/min, respectively. This results
provide the enzymatic information of PhCpn when the prolonged and high activities of pharmaceutical
and industrial proteins (or enzymes), by using chaperonin molecules, are required.
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S9 ZH 295t FxE HY ¢ S$HE T Age
Ado] dold 4= I=E FE=3TH2].

82 A2 % skl 749 A 2 Y (Chaperonine)
< ATP &4 dld = 3L wj7islm, mega-dalton =2
712 0% H(ring) FEE 312 ek, UL HY 7
2 W) 90 ATPE o] g3te] WY WA £ 7
I AR dojt HYS HEYe 982 +YTH3-5].

24 e F fuAH2 2Rd St Az
(HSP60)-Z 60 kDa®] A B f419 o]F 12 EFAE 3
ohar, et vl 3 S-S 2Y3te] ATP &<
Ao 2 TARTe-0] Y HEat P2H 5Y0] 7]
Zsto], A 2L [P} 117 F 1522 W, 9, 10].
IF A 2de v ol & A A &7 HMWEZEY
o 4 AEA)el| &AL IIF AH=dL AL
(Thermosome) @ A3} AEZo AHEZ(CCT1 EE= TRiC)o|
EA 1]

% 1§ Aole] T2 Aol AR cavitye] lid 43
oA Zol7k Sict. 13 Akl 2 2% £2|F lid (Escherichia
coli®] 7% GroES-GroEL complex)7} cavitys B+ 92
geh6, 9, 12]. 1Y A2 d2 =HQle] EFE &35
UAE 5771 74 (uilt-in lid)Ho] AFH2Y cavityS 2
L @ AHIs-15]. & S Fag Aol He 18 Ak
243 19 A2 o] AR T A 1ot 4E 2e
St WHAlolr, o] F Ab =Y 2FC] thaf Ao|gt intra-
ring®} inter-ring A3 HAHUSEE AR AR 2 9] 7
% Apelel 54 A Ajole] Aol ATP 2 % 74 s
o o5 $=xH, o= EASl intra-ring ¥ inter-ring®]
Z W3E fFEgtTe, 17).

209 FH 18 A2YE 724 9 1549 477 A
Sem AT, o B MR Aol A @7}
o 2ol A4 egie 18 Al zUe Hd Azdos
Nes @9 A= 24 Auigoel Hal gha 3 e m [18-20],
113 A 20 e Hte] thgt ATP 7H4 £319 249
gk A7F R Qeh21, 22]. CCToA9] ATPY]| 93t
z29 g ¥3t 94 CCTS GroELY frAHI o thgt +x23
golElE CCTS| 7]50] ATP Aol SEHolahe 2 A
ARRETH[22].

o] A Ao A= IAN|F Pyrococcus horikoshii OT30] A
$9% 119 A2 PhCpn 42 thg-ZolA] T
AlAH AASFE LW, porcine pancreas procarboxypeptidase
Be 3 S AFA LR A7l v Qloh23]. & AfolA=
AAE 2% PhCpne] ATPase E4TA EAL 1451
A ATP 5%, B4 2%, 49 7 2 5= ¢ &
ATPase 24& BASHE 478 AN,

Mz A LH

F, SgkAu|E 9 A7 S

o] 1A FEYL pGEM T-easy vector (Promega,
USA)®} E. coli DH50E o] &3tdon A=y 2ds 9
3 A =% DNA =L pET21 ZtAu|=E 9 E coli
Codonplus (DE3) #F& ©|-&3tth. E. coli #3752 LB
) 2] (1% Tryptone, 0.5% Bacto-yeast extract, and 1%
NaCl)oll A s st et A g o AR&-3t At 849} ExTaq
DNA polymerase+= Takara (Japan)o| A £ Q3}FLH, &
2 WSS 93] AFESH ATP ¥ 98 Sigma-Aldrich (USA)
oA FlskA

Wl wEg 93 A2 DNA 75

4wt ol A PhCpn Tl A S A/ st7] 93 pET21
vectorgE o] &3t AXF DNAE FEstgch. ZAEY
Pyrococcus horikoshii OT3ZH € genomic DNAS +&
3t & PhCpn FAAE Ndel 9 BamHI A3t &4 F ¢
£ X3%35t= primer set (forward primer : 5
CATATGGCACAGTTAGCAGGTCAACCAATT-3', reverse
primer 5-GGATCCGTCTAGGTCGCTACTACCGCTGAA-
3)E o|§30] PCR 312 TA 224 ¢ a4t} 543 &
22U ES Ndel ¥ BamHI Alft a2 Astal, 22 A
gt 4R AP st 343 pET21 vectord]] AYstAT. &
¥ pET21a-PhCpn EtAn|E= Gl WS 93] E.
coli Codonplus (DE3) A Z o] FAAEsIo] A2 A
PhCpn AF¥|2d& AT stATH23].

Az Phcpne] a2 A
pET21a-PhCpnZE A AHEH E. coli Codonplus (DE3)
AEZE 50 pg/mle] ampicilling 3= 10 ml LBoj|A] Hj
%3t 1 mM IPTGE A &3t IPTGE A 23} 64
b F e =, A2 s dAEY st daEE £
pelletS 3|43t &% 2H A (50 mM Tris-HCL, pH 7.5,
25 mM MgCly, 5% glycerol (v/v), 1 mM DTT)o] x| &Erst
Aot 250 7|2 NE2E SHstaL, 4TolA 108 F¢t
0,800 xgolX| €4 Bejstel AHEAG Faatsict.
ASHE 85T A 208 B 7HESkL, 9,800 xg, 4T
2A0|4 1087 A Eelstel WA E B A AASHY
ok TY9% ASHA 0-500 mMO] NaClz =5 A3 +
Wste] Bl g Eejstolth, PhCpng F4ale 288 4
A

gre] oY o2 FH A F th(Centriprep YM-10,
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A GO0 AHgstel AR St olofAl, Phpn 3
St 28 9459 A= BPIA7]2L NaCle) AF o)
L2A7] Lol 28 & HiTrap Qcolumn, Amersham
Biosciences) ©]-83to] 2Z & 02 PhCpnd A A5t
[23]. PhCpn¥ £%+= Silver Staining (Power Stain TM
Protein Silver Stain Kit, M-biotech, Korea)> 2 &213}4
o FAZEHEY I s LS R EEAH 2
3 ) &l Er X Pierce™ Modified Lowry Protein
Assay Kit (Thermofisher, USA)& ©]-&3} SA3I9 .

o of

iy

L29)) k= PhCpn? ATPase &4 &4

A 23 PhCpne| ATPase &4 vjA]& §Hg 229 §
FE ot 7] $3) FA = PhCpn (10 pg/ml)S FH3h=
200 pl ¥ 8Hg &3M(30 mM Tris-HCL, pH 7.5, 5 mM
MgCly, 100 mM KCl, 1.5 mM ATP) & A|Z3}¢ct o] &
Z}z} 31, 50, 60, 70, 80 H 85ToA 10& B3 BFSAZ &
ATPase 84S E43t%

ATP s=9] W-Z PhCpn?] ATPase &4 =4

A Zg PhCpn T2 9] ATPase AL malachite green
assay 4 & o] &35} W& % phosphate (Released Pi)
£ A FaFste] SAsHTH24]. #E 9 €54 (30 mM
Tris-HCI, pH 7.5, 5 mM MgClg, 100 mM KCl, 10 pg/ml
PhCpn)e] HE==7} 15, 8, 5, 7, 10 mMo] EE& ATPE
Y3 2F £9 1,000 pl7t HEE Az PhCpnd
ATPase®] W3- 225 415t7] 9J3f, 37T oAl 85T Ato]
9] 2Zo|A 22t 108 Ft WA B 3, AES
2o A WYZ3sta, spindown 3FF T 800 ple] malachite
green A|2F @ 100 pl9 34% (v/w) trisodium citrateS &
i, ALelA 5E B WAL W EFEL UV-
via £ FZ A (Shimadzu Co., Japan)Z 660 nmol|A &%

2 2430, WA Pi FS 2. ATPase FHL
PM/min/mg-PhCpno 2 HE A3}t

17} 9 27} 9ol & 79} s X of ukZ PhCpn2 ATPase
24 33

A 2% PhCpn® ATPase &/g0| v|A= 17} E 27} o]
29 FFE gotr 7] s AT 17 ol d2 KC,
NaCl, LiCl, NH,Clo|g o, BZ ¥ 2 Ho) 17} G
2 Z% =7} 100 mM, 200 mM, 300 mMo] =2 FH7}3
3 1087 WhSA1A ATPased] B4-S 2434t 271 &
o] 29 FFE Yoty ) A&7 F-& MgCly, MgSO,,
MnCly, MnSOy, CoSO,, ZnCly, NiCly, CaCly, BaCly, 5 ©]
Fom 1 mM FEA 2 PhCpno] ATPase BAS B A5}
Ak Mg™ o] 29 JgE Et] dotr7] Y3 MgCl, 5%
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£ 1-20 mME WH3A7]HA ATPase 4% S5t
g 3

250 ©E PhCpn2| ATPase 4 B4

AZF A PhCpn ATPase 84S B4517] a4
A= PhCpn (10 pg/mlyg F53H= 200 pl ¥He 2N
A zskgh. o] 2z 37, 50, 60, 70, 80 E 85CA 108
T WA & A5 PhCpno ATPase 42
37CoIA 134.63 £ 4.722 7} X 2HS B gon, 80T
ME 299.78 £ 7.63 pM/min/mgo 2 =3 F o] & 2.24) Z7}
22 & 5 AT E, 85ColME B4 ol 265.01+
11.35%2 22 £ 80°C thu] ATPase /0] 88% 4%
Dt gth(Fig. 1). o] Ao Al PhCpne] ATPase?] &4
80C7HA] k= QEF F7hstd, 24 &4 2% 80T o4
A B4l dadte A FUsA

ATP 5% k2 PhCpne| ATPase &4

PhCpnollA] ATP =of W2 ATPase 4 B¢l ¢
&, & 925 3tRo)| ATPES 7+2} 1.5, 8, 5, 7, 10 mM &
I 80COA 1087t BEEAIFAT ¥ & WEd PiY 5%
£ =73}o] ATPase AL E4% A3}, ATP 55 o&7
© 2 ATPase 40| 2715} ofAFS HEow, 10 mMo

[e Be)

’

A x| o] D8l ATPS] ¥ %7} 1.5, 3, 5, 7, 10 mMZ
2713 o, 1 mM ATPY %29 Pi¢] 5 %7} 3 mM ATPo|
A 7P E3 o) Hap adte AR EAH T net
A, PhCpn®] Z 2 ATPase A Hol= ATP 5=
3mM=2 ZA = HFig. 2). T2A T 1.5 mMAA = A
3] ¥ ATPase 84< B L, ATP 714 9] v]&-& 7etst
o] o]Z A AL 1.5 mM ATP 558 22 A3t
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Fig. 1. Effect of reaction temperature on the ATPase activity
of the recombinant PhCpn. The purified 10 ug/ml PhCpn was
reacted in the standard reaction buffer mixture (30 mM Tris-HCl,
pH 7.5, 5 mM MgCl,, 100 mM KCl, 1.5 mM ATP) under different
temperatures (37-85 C).
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Fig. 2. Effect of ATP concentration on the ATPase activity of
the recombinant PhCpn at 80 C. The purified 10 ug/ml PhCpn
was reacted in the standard reaction buffer mixture (30 mM Tris-
HCl, pH 7.5, 5 mM MgCl,, 100 mM KCl) with different ATP con-
centrations (1.5-10 mM).

17} %¥o]-2 H7}ol WE PhCpne] ATPase 24

o] w2 PhCpn® ATPase &4 &2l3st7] 9
17} ol A F=olA PhCpnd] ATPase &4
Aok AR 171 ol A2 KCl, NaCl, LiCl,
NHClo|gon, & w8 EqE HF 49 =71
100 mM, 200 mM, 300 mMo| E=& H7}5t &, 1087k 8t
SAIAH ATPase®] &5 Z4stdth 42 A3 H7tstAl
& t 2 (control) T} H] L3}, NaClE A|9]stil, &
T & o7 ATPased] B/o] 7t AL gelstgtt
(Fig. 3).

Relative ATPase activity (%)
o o o —
~ - (=) [~ [—3 ~ - N
(=] =] [—J (=] (=] (=] =] (=]

=}

Control|{ 100 200 300 100 200

KCl NaCl

Fig. 304 R& ule} Zro], 100 mM KC1¥ wj ] ATPase
BHS 1002 B U, K9 NH, 2 Li'e] FE7} 27}
B2 ATPase T4 2711 S FUGYL. K9l 2
£, 300 mM¥ o 120.00 £5.75%, Li*9] < 300 mM¢Y
o] 135.33 £ 3.34% 2 Z7}8}th. NH, S H713E A o=
300 mMoj|A] ATPase?] &4Jo] 133.73 + 1.45% = Z7}5t=
AL G5ttt olet= W R Nat'g H7hgt Ffoll=
100 mMoj| ] ATPase &AJo] 7}& =9k, 300 mMojl A
ATPase?] &40l 98,53+ 1.20%=Z e}, Natel 271 =
7} E ATPase?] &4 o] 743 thFig. 3). PhCpn9)
ATPase Ao A 17} o]} ==X LiCl 300 mM
2 BAHU

27} 9Fol-& A7}l ukE PhCpng) ATPase &4

27} Fol&9] FFol wE PhCpnd ATPase 42 &<l
3}7] €18, MgCly, MgSO,, MnCl,, MnSO,, CoSOy, ZnCl,,
NiCly, CaCly, BaCl, 5 theFet 271 ol & Z3st= 4
1 mM FE4 ¢ PhCpne] ATPase B4 H435I%tt. &
< A& HA7IetA G2 g 2 H(control) T B W EF 27} &
< H7stH ATPase 42 A2 F7HE A th(Fig. 4).
1 mM MgCly & H713E& o ATPase SA S 100%=2 A
o}, Mn?*, Co?*, Zn** £& ATPase &4 Z7l5 E 41,
Ni?*, Ca?*, Ba¥* 52 &4 Z#44E 2y

PhCpn& ATPase 42 Mg?'o] 374 H3FL W= Ao
2 ZlE g on, Mg F&E(1-20 mM)o]| w2 PhCpn
ATPase /<% S48t cH(Fig. 5). MgClL,E A8 F75HA]

300 100 200 300 100 200 300
LiCl NH,C1

Univalent cation concentration (mM)

Fig. 3. Effects of univalent cations on the ATPase activity of the recombinant PhCpn. The purified 10 ug/ml PhCpn was reacted
in the standard reaction buffer mixture (30 mM Tris-HCl, pH 7.5, 5 mM MgCl,, 1.5 mM ATP) with different univalent cations and its con-
centrations. Control (C) means the reaction with 0 mM univalent cation. When 100 mM KCl was used, the relative ATPase activity was

calculated as 100%.
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Fig. 4. Effects of divalent cations on the ATPase activity of
the recombinant PhCpn. The purified soluble 10 pg/ml PhCpn
was reacted in the standard reaction buffer mixture (30 mM Tris-
HCl, pH 7.5, 100 mM KCl, 1.5 mM ATP) with T mM divalent cat-
ions. (C) No divalent cation, (1) MgCly, (2) MgSQO,, (3) MnCls, (4)
MnSQ,, (5) CoSOy, (6) ZnCly, (7) NiCly, (8) CaCly, (9) BaCl,. When
1 mM MgCl, was used, the relative ATPase activity was calculated
as 100%.

%o dZ(control)o| A AJALH Pi®] T} 7691
7.7 ®M/min/mgQl A3} H| X3}, MgClLe =7} 1, 2,
5mM=zZ Z71842 AAHE Pi9 71 141.2+34,
233.9+15.6, 378.8+14.9 pM/min/mg® &2 Z}Z} 1.8, 3.0,
498 =2 F7Fst gtk MgClLd 527t 7.6 mMY 73 44
H Pi9 =7} 273.1£12.9 pM/min/mg 2 2, MgCL 9 &
L7 5 mM8] Fro AR AAFE Pio] ¢o] Zaskitt
AE2H0 2 MgCLe %7} 5 mM7HA] & &EFHOR
ATPase /0] F7tst e, 1 o]/ FEo = 23]
2 ol gaste Aoz BAH.

Released Pi (nM/min/mg)
N~
3

C 1 2 5 7.5 10 12.5 15 20
Mg?* concentration (mM)

Fig. 5. Effects of Mg?* concentration on the ATPase activity
of the recombinant PhCpn. The purified soluble 10 pg/ml
PhCpn was reacted in the standard reaction buffer mixture (30
mM Tris-HCl, pH 7.5, 100 mM KCl, 1.5 mM ATP) with different
MgCl, concentrations (1-20 mM). Control (C) means the reaction
with 0 mM MgCl,.
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Fig. 6. Michaelis-Menten kinetics for the ATPase activity of
PhCpn. The purified soluble 10 ug/ml PhCpn was reacted in the
standard reaction buffer mixture (30 mM Tris-HCl, pH 7.5, 5 mM
MgCl,, 100 mM KCl) with different concentrations (1.5-10 mM) of
ATP at 80 C for 10 min.

A2 9 £5E 0|23 PhCpn?] ATPase 4 24

PhCpne| F4 WS 4ES SFelsir] 915 Pi 44 &=
£ 0]8€3}9 Michaelis-Menten 419 o|FY$ T A,
1/V=Km/Vmax 1/[S] + I/VmaxZ A}&3tHoH, o 7|4 V
= 27| PIRAALEEE, [S]= ATP 58 Yeldlith &4 8
S &= B4S ARESte] 71- ATP| tjgh PhCpn Km ¥
VmaxES ZA39th ATP X o] WE ATPase AL &
317 Y& ATPS] ==& 1.5, 3, 5, 7, 10 mMo] H =5 3
7bsto] WhSA17] 3, A E Pio HEE EH o] 27|uke
£ 2 AAbet 23}, Z+7ZF 350.7803, 427.0935, 600.9631,
654.8051, 713.8196 pM/min® 2 QI EQitt o] A4+ H
£ E3)(Fig. 6) A4rE, Km g2 2.17 mM, Vmax -2
833.3 pM/min%t}.

I o

o #F
A2 U B A 2 W) 14 B AR gy
o] A3t 2, =7, &t 5o 2% JT& £33t}
PhCpne TA|Fo| A 28 I1F AFH 24U o2 ATPE 9]
o

Aote IS gttt B A1AL Pyrococcus horikoshii
OT3]| EA45t= PhCpn®| &/ ATPased]| oJ3l B4 ==
PiE o] §sto] FA5kict

Okochi 5§ [25]2 PhCpn& ATPase o] &4 2= &
90 CeL Bt oyt £ Axl AP AoA= 80T
oNA 7t B2 ALE e ey, Y 4 22714 £
Lo oEFor FAo] Tkt AL FAsHTh ol= AF
#2249 PhCpno| 2|8 YUFF Pyrococcus horikoshii®]
Ao F & FAFsITH25].

PhCpn?] ATPase ZA2 ATP 5% E&F o2 271319

12
e
o
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on, 1 mM ATPE W&EH Pi 9 72 A4S f&=
3mM ATPO A 714 =& ATPase &S H il o] A
2t Zradte A0 2 YT o] 33 ATP 5= 9&3 <l

group II chaperonin®] A2 green fluorescent protein®]

AHR WA E FEE v QTH25].
o F7Y w20l e A4S £AT 2, 17} ol
O F = K7F 2 4 ATPase 84 S7Hte A
5

u!

Aok

o i of 3R iy O o Mo

8t o PhCpnd 17} 9o 231 K¢ Litoll o3l A &4
A 7= e, 27F Fol 22 2= Mg?, Mn?* 50
A A ATPase &4 E3 A Z7l5l= A 2l
ot Mg*9] = 2 4L £435t9 S 9, 5 mM<]
E7HA] Mg*'e] sEof & oz EAo] F7kshe A&
2l8tgich. PhCpn®] &/l SlojAl 17F B 279 54
25 YAz sin, 53] 27} kol F Mg®o] PhCpne| &
del & FF= At AL FAsA A+ GroEL
9] ATPase /2 K 0|29 IA 9&0|A|qH[26], L& AF
= o] ATPase Z4o] K* ol 2o that A2 7HA 1
QA ¢kch27, 28]. 2, ¥ A9 PhCpne] ATPase &
Ao] K¢} Mgl 2A| 9&&¢1 AL Pyrococcus furiosus
43 chaperonind} A 2.1 [29], £3] PhCpn Li* o]
2o oA 7} ATPase &/d0] ZA vetyttt. ol=d &
o] 2E9] ATPase 84 1 olf+= o5 ¥o]&o] EQL
o PhCpnZt ATP 79| Zgo] £XH= Ao g Atgdr).

5 mM Mg** o] 2& H7}3tiL ATP 5= 02 F48Hs
T ALE Pl sE&E7] PLAAEE)ZRH o5 Y= Rs}
o] Km ¥ Vmax g2 2.17 mM, 833.3 pM/min®. 2 AAFs
+ itk @A7HA Ak =2d Foll A DnaK [30], Hsc66
[31] TolA AP R 9] o 3t A7F RuE it E.
colidl] £2A)3}= AFg| 24 ¢l DnaKoj| Al DnaK 1nM9] &%
o] A Kmo] 19 nM¢l Ao 2 H1H v 9o, Hsc662
1 M2 EZ oA Kmo] 12.7 1 pMZ 2318 v} Jth30].
ol A9 Hlwste] PhCpnd| 3¢+ HiL4 &2 Km,
Vmax g 7H= A28 dohg.

0|23 23+ PhCpn Al o], 1Y = BBHHL
wuge) 2R3 $4S §4 % wEald 3542
ATPase® 2§32 & 4 L, & oFeh-g 9l Hiol
A9 B ()2 B2 BHFA0] PhCpn o] 42
Aol 2 A4 A7t AFE 712 ARE AFT Aot

O

o

Of

].

ol
1o
o

o OfF
o 5

Group 113 Ab|2Ue thjd o] 4312 =517 9l
9% 714 A% Yol H 2d FH2 FejS WA,
o] W ATPE R Gk A2 o] 25 §EE ATPY
o3t Az el 72 Wshel B Y= Row BolA

o} B2 dFo| A= Pyrococcus horikoshii 0T32] group I3
AFH| 29 ¢] PhCpn®] ATPase B/ thakst 204 573
3ttt PhCpn® W32 %(37-851T)% ATP H=(1.5-
10 mM) &J&4E & A, Hhs 2= 80T A, ATP
TEE 3mMoA A A4S HA 49 TR @E
ATPase?] AL BA3E Ayl 17} %o]&-L 300 mM LiCl,
27} ol & 5 mM MgClolA 24 &/4d< yetiidch
ATP 7]& o] gt Km ZF-2 2.17 mM, Vmax 52 833.3 uM/
min® 2 AAtE it o] 2|gt it oJofshg | upo] @ At
HE dA@D)E A712F EAFA S PhCpng o]&
g AL A5 712 ARE ATE Aol
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