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ABSTRACT

An unusually large protein complex was found in the cytosol of the hyperthmophilic archaeon Thermococ-
cus profundus. The purified protein was shown to be a homomultimer of 93 kDa subunit (P93 complex). The
complex is extremely heat stable. During 12 hrs incubation with SDS (final concentration 1%) at 85°C, no
changed structure could be observed. Electron image analysis of negatively stained showed that the complex
has a single, stable characteristic view and a well-preserved core with threefold rotational symmetry. The
periphery of the assembly is composed of a nebulose, possibly flexible, component. Based on the projected

structure suggest the P93 complex from T. profundus is composed 24 homomultimer.
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dehydrogenase (Kelly et al., 1993), DNA poly-merase
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= Jld e AABT o}, 3kA] gk, site-directed
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1. Thermococcus profundus 2l Hl2E

Thermococcus profundus (DT5432)-2 Kobayashi et
al. (1994)2) whylel) weh 37322 80°CollA] wiek
st wlokg F2 YARER FEF -T0°CelA
B3t

2. P93 complex2] &2

T. profundus& 50 mM Tris/HCl £+3 48 (pH 7.5)2.
2 = AL %(1,000x g,30 min), DNasell (Sigma,
1 mg/100 ml $+34-0)& H71F A-Lolr 1083} 3
221315} Sonificationd: o] g8l F& FHA|zl0m,
AAEEE o] 43l RAMR|A] o #& FAFH.
Aol & 4°Col| A A A 3] (44]7H) ammonium sulfate &
60%7H7) EHAZ E, DA (1,000% g, 40)&
o] &3l B3t & 50 mM Tris/HCl 23294 (pH
75)0.2 8A17F EA A7}, Centricon (YM-30, milli-
pore)& o]-gsle] LAg FFAZ F, 50 mM Tris/
HCl 93298 pH7.5)e 2 335l High Q Sepharose
column (pharmacia, Germany)el] Z3}A]7] &, NaCl lin-
ear gradient (0-1 M NaCl)2 £2)3d}¢v}. P93 complex
L 300-400 mM NaClx-=d|A yephtony =22
Sephacryl 400 (pharmacia, Gennany) 2.2 gel filteration
£ 319t 4 83 P93 complext 50 mM Tris/
HCI gF34-9f (pH 7.5, 400 mM NaChz EEAZ] %
AR e A7 Q3 P-E A3 A5 P93 complex
o] ¥YIH-e AR ARAL SDSH7|FF o=
747} Zelse 288l

3. MAEo|E

%4 E2]3F P93 complex: Cheong 5 (1993)%] H}
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Does-System2- o]43}o] #o33)9] 0w, Kodak 4489
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Q&= A=} n| A ARRle) el astigmatism ((FATE
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TRt of AH= -2 average s
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riation statistical ¥ (Frank, 1996) &, ® & image
B 77} v)wsle] -2 eigenvector?} eigenvalueZt-g
o]- g3t FAFgE Hel2 HF(classification)dt o).
ol9} 2 whoz U2 class? averages} 2 ¢
Z}o] averaget¥ angular correlation coefficients (Diirr,
1991)e)] 7|22 symmetryS AR 3G}
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1. P93 complex] £&]

T. profundus®] cytosolic total proteino]A] anion-
exchange chromatography 2 o]-43}+ Ee]s}i+}. Fig.
1o 4] B=u}e} 7Fo] 93kDa protein- total proteinoi]
*] major band2 ¥.eJF2] ¢k 3lv}. Anion-exchange
chromatography S $3}4A]7] % 300-400 mM NaCl 3
=oA] vyebd peak?] BE fractiond SDS-F7]od
Xo=z &9 & fractiond A1'83}%1v} (data not shown).
¥ &t fraction2 Fig. 12] lane 29} Zro] 93kDag]
band7} e 1molel, 4@Akepe) bandic oFshA 1
et gleh A #A ko] bandg A A7) $i8) gel-
filtration& & & SDS-A7]°J% (Fig. 1. lane 3)0l A
= 93kDa protein?t RejFE T e}, =3 AxE A A
o=z g A} P93complexTt FAE = gldd).
ol¢} 728 AF}=Z complex2] monomer: 93 kDa
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Fig. 1. SDS-PAGE (10% acrylamide) of purified the 93 kDa
protein complex from Thermococcus profunds. Lane 1:
total cytosolic proteins. In this lane the 93 kDa protein
appears as one of a minor proteins. Lane 2: pooled p93
complex-containing fractions from high Q anion-ex-
change column. Lane 3: pooled factions from Sephacryl
400. The arrow indicated the position of P93 protein.
Lane M: contains size marks (from top to botton):
myosine (210 kDa), B-galactosidase (116 kDa), pho-
sphorylase b (97.4 kDa), bovin serun albumin (66.2
kDa), catalase (57 .4 kDa), ovalbumin (40 kDa). Gel was
stained with Coomassie blue R~250.

proteind & ¢ 4 v}t €4 22T P93 complex:
NaCl9] sxof <33& P4E ¢ 4 U A =5
E (50 mM NaChell M= BtAE g RoF:
¥y, -2 3% (500 mM NaClol A= complex?] F-
Z9} goll 71 A Al E Bo] F3 i} (data

not shown).

2. P93 proteing] Yot

< £2]3 93kDa protein®] kYA & el
HAsA SDSS EFF(FEFE 1%), 85°CellAM 124
Zb 3 AR F SDS-A7|d5-&. st dA=]
(Fig. 2. lane 2)2} G2 6}A] -2 93kDa protein (Fig.
2,lane )9} band:= A3 W7} ge& RAFT 3
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Fig. 2. Heat stable of P93 protein complex. Lane 1: purified
P93 protein no treated with SDS and heat. Lane 2:
purified P93 protein incubated at 85°C with SDS (final
1%) in 12 hrs.

o =3 Aoz, 24 wW3E AL 4
4l4lc} (data not show). ]9} 7S ZAzz HE] P93
complext goll vi-¢- <t ¥ut offe} detergent
o= s FA g whial BikAjolr). o) 2y
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tanaoll Al E2]% o-galactosidase®] 73-$- 80°CollA] 4
A7y g & FAJo] 75% =2 HolAeo| ByH u} )
o} (King et al., 1998).

A} YIAE ion pair?] Z7}(Russel et al.,
1994)¢} protein coreol]A] hydrophobic interaction?]
Z77F 2ol A de 242 A (Knapp et
al., 1997)=) 31 glc}. P93 complex: holed 7}
Halel Tz (P93 complex?] F2 Fz)Z SDSs} o
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7+¢] interactiono| A ¥zl W 2-2] hydrophobic core
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A U] 3ol A= hydrophobic interaction®} 2 9] ionic

interaction®] £7}2 WAL Z7A |7l Aoz =
A& 4~ 9lc}. P93 complex WP AP oldl=
Fzhes 4% 2ne ARANN 2D pho
sphoenolpyruvate synthase (Harauz et al., 1996)¢} me-
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AbRE712] %8 (Korolev et al., 1995), 7} & 5}e] Eo)
A 5 5EAd 247 27
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o Z=2A 2507} image processingS o431}
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WS o 4 vk A A" 143109 YAEE A
W 3le] translation} rotationA]Z] & alignmentA] Z}}.
14317) UA=9] data setol| A G-
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Fig. 3. Electron microscograph of purified multimeric complex of the 93 kDa protein negatively stained with 2% uranyl acetate.

Scal bare, 200 nm.
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ferritin complex7} =3 BHA YL RAFYT
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Fig. 4. Class averages of negatively stained P93 complex. The
non-symmetrized class average were derived from the
negatively stained P93 complex. The 1431 particles
were subjected to rotational and translationl alignment,
classified into three group based on eigenvector/eig-
envalue data analysis (1,2 and 3), and projected in ave-
rage (4). Class averages (1 to 3) included 813, 424 and
194 images, respectively.

Fig. 5. Correlation average of P93 oligomer. Correlation ave-
rage of 1431 images after three-fold rotational sym-
metrization. The diameter of complex and the central
cavity are approximately 19 and 5 nm, respectively.

A= 2709) monomer7} 1782] groupo 2 o] FojA
p3 symmetry ] ejE FAL £ & Heloh oA
< P93 complex T-z¢}(Fig. 5) & dA] @& BeJFo}.
2822 gel-filtrationd} 234 F2F 7|22 3
7} P93 complex”} 24-multimery-& 7337 FA&
+ slom, M3l FEst A% A% 5E B
H3AE cryo-tomography® o] Wad Zolot.
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