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Stomatin is a major integral membrane protein of human erythrocytes, the absence of which is associated with a
form of hemolytic anemia known as hereditary stomatocytosis. It is reported that stomatin regulates the gating of acid-
sensing ion channels in mammalian neurons. However, the function of stomatin is not fully understood. In the genomic
sequence of the hyperthermophilic archaeon Pyrococcus horikoshii, the putative operon-forming genes PH1511 and
PH1510 encode stomatin and its partner protein, respectively. The N-terminal region of PH1510p (1510-N) is a serine
protease, and specifically cleaves the C-terminal hydrophobic region of stomatin PH1511p. We have determined the first
crystal structure of the core domain of stomatin PH1511p (residues 56234, designated as PhSto€P). This review fo-
cuses on the three-dimensional structure of PhSto€P, and discusses the function of stomatin and its specific protease
1510-N. PhStoCP forms a novel homotrimeric structure. Three o/ domains form a triangle of about 50 A on each side,
and three o-helical segments about 60 A in length extend from the apexes of the triangle. The /8 domain of PhStoCP is
partly similar in structure to the band-7 domain of mouse flotillin-2. While the o/ domain is relatively rigid, the a-heli-
cal segment shows a conformational flexibility, adapting to the neighboring environment. One o-helical segment forms
an anti-parallel coiled-coil with another o-helical segment from a symmetry-related molecule. The o-helical segment
shows a heptad repeat pattern, and mainly hydrophobic residues form a coiled-coil interface. The coiled-coil fold ob-
served in the crystal probably contributes to the self-association.
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WO Z b F > ALY 07 MEC-2 73 filUgi 3
SRGEMEERALZOMEEZHIHT 22 LY BH
HINTNVS,
ERDODZRYF R, 737 (N) KUENCEEE
I EV 2 ML I N AT A DD D 5
THRBEIZHRS SG L THBD,9 401 & 250-300
kDa ® 9-12 BERZ R L TWaHD EMEIN TN
%, AR FT (C) RN H 2 BUKVEFEED
LEBAFRICEE TH D ZOEENEREE ORS
WCHETHHEDOHESHS.Y AT OHT
LNV TOMBEISfRIASI LTV, FE5 7 b
WWRTELZBRD RIS 2N BT 7 FIVREY
BELUTHET A DO TIIRWhETFHEINS.
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TNFEET .9 WS ONDOEIZBWTIZA MY F
SEEDON—bF—EBETFRFROCZfE> TN
5.2 @EFEE Pyrococeus horikoshii CiZ PH1511p
WA ST, PHISIOp WN— b F—=F > NIH
Th%. bNbhid PHI511p & PHI510p D ik
CHEREDfIAZHIEL, xhv%ymnﬂm@:
T RAA 2 DZRICHEE & X RS A AR AT I

@mbT%b#;btfwékawaprX
BIFTEEEE B A > (1510-N) 1F, it &L
Ser-Lys dyad #6795t > 70577 —tYThHD,
BOKMEREZHATYIM T2 225 MITL
72 F 72 1510-N O X Hhd G Al AT O k55, fil
TR EENBUKIER 7y N 2R L TH 0 Buk iy
ZRDADDITHE L 2G> TS ZEHHS
MU 7212 BRENZ &2 1510-NZ A R F >
PHI1511p @ C KM B B Bi/k M sk 2 5 Iz )

Wrd s, 10 KRHTIE, ARIFOOOY RAA Y
DE=RTEELEZORAENYK 70Ty -

1510-N & OREREMHBIIC DWW TR R 5.

2. RbXF A7 KA DOLEEE

7 2 BEECAIEH A 5 PHIS11p 13 N RMNC 2 [
BEEEERE AT HEEAONDEY NV ETH
5. TO=ZRITHIEZIRET D720, 2k 266 TR
i, N RO E mEE & CARM OB K e %
FRUN 7= 56234 FREL (Pyrococcus horikoshii Stoma-
tin Core Domain, PhSto€P) 1ZDWT, KEEFHR
RICKODZ NI EEFEL, BV AFAZ2
WRZRANT X REHRET - Z2IEL, 2
EREMBIEICE O MREE32A TG ZRELZ
(PDB : 3bk6). 19

5872 PhSto®» IR E=8AKT, &€/ ~<—
13 56-169 FHHMN S 755 o/f RAA > & 170 FRELLL
NS aNUHIET A I EEKRINS
[Figs. 1(a) and (b)]. PhSto® D=8/ D>5H A
$HIZ 56-224 TR, B $HIZ 56-196 5%, C $HIL 56—
QM4 BB FTOMENRETE /2, o/f RAAL I

Fig. 1. Overall Structure of PhStoP Trimer

(d)

(a) Side view. (b) Top view. (c) The secondary structure elements are labeled with the monomer (chain A) of PhStoCP. (d) Superposition of the Ca traces of
PhStoCP protomers. The o/ domain (residues 56-169) of chain A is superposed on that of chain B, and the superposed chain A is labeled as chain A”. The same su-
perpositions were performed: chain B to chain C (labeled as chain B”), and chain C to chain A (labeled as chain C).
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N KNS B1, B2, B3 B4, al, o2, a3, b, B5, 6 DIEIC
WiATWS [Fig. 1(c)]. 3DD o/ RAA i —
WS0A, EmX20A D=MKEHELTHD, W
fTBART R (B2-6) ITHEE L aNU v T X
(al-0d) IZHRODHEHENDIDICMNELTWS, aN
JAINET AL RMIEZT60A, 11 ¥ —>DEWN oS
NYw T ZNE EITHEREINTWD., o5 OjEGIC
13 Pro-169 & Pro-214 8% 0D = ZTA w7 A3 K
<> T 5B,

2D /X —HOEMEREIIZNENRRRD,
16001800 A2 L7525 T 5. HEMESTITHBNT—
HDEI)—DPLE ol BMUFDE )T —D 6 &
oS EMHEERALTVWS., o/ RALCOET )
Y—R+LtD CaRFEEREGDOEEER, E08HE
HZ O FEHFEZE (root mean square deviation,
R.M.S.D.) 1& 04-05ARELNIL, K<HAX
5. —hH, aNUNIET A D CalfTa&E
JX—RELTEREOEZSEE, AHEBIHET
2 R.M.S.D. 1.82A, C 8 & A # & Tl R.IM.S.D.
231A EREL, o/f RAL D O=ZMAROKEMZ
HELELTENEFN19°, 28°H N T WD [Fig. 1
(@], TNH5O/EDERITDONWTIHRETHRN
%.

Protein Data Bank I[Z & S N T WD iGN S
PhSto® D#iE L UM E N RN MRER L& D
A, YUAHFKT7OFY 22D band-7 K AL 2D
K& (PDB:1win) 7% PhSto® @ o/f RAAL 2D
g LU TWB 2 Enghoz. 70FY UiF
A RYF > EFU SPFH 7 v X 1) — (Stomatin-
Prohibitin-Flotillin-HIK/C) IZJ& 3 %% > /N7 &
T, 055 70FY 2-1137 5 AU P IKENE
I2RYA F=XDHIBERFTHD,® 705
22BN OMAEICRE 595 2 E g X
NTW2D. W g, FRIMEROEFEAHIZA U 2 /NI
HIZA R T ONERICEENDZENSA IR T
CHBFENEERICE ST S I ENMEINTY
5.9 70F > EXNIF IIHBENELL TH
D B/NAERRICEE 59 572 EHERNA LN 5.

3. ORI IWBELERELOMREERT
T

PhSto® OfEEEICBNWT AHD o5 ANY w7
VI FE R TOBED T D CHHD o5 N v 7 R L3
SEATIZaA IV RO IVHEER L Th 5 [Figs. 2(a)

and (b)]. o5 NV w7 X Fig. 2(c) DAY ALK
4 — )V T heptad repeat /NF — > Z;rRLTW5, a
& d DREBITIFBUKMERENEPLTHBD, ik
HTHOEI D TD SN w7 AALENal ddD
P& DBKIERZEZ N U THEMEHAL TWD, —4,
oS NU YT AD c, f, g DAEITIIMMEERE N L <
GEL, BIRICEHL TWsEEZSNS. 200
as Ny 7 A [ 7 O 4 7 O B ik E FE LT 1800 A2
ThHy, £/ —[HOEMEFEEFAEE THS.
i E R T, BHO S AN w7 2RENEDH
HERDRA SN WD, AHE CHHD oS N v
AW a4V RaAIIMHEERT %79 Fig. 1(d) I
HAOENDEIIC a/f RAAL CO=AFKOEERE
HEELU THEENELT S EEZONS. £HIOD
ZEMS, a5 N w7 A /B BAAL ITHAT
FRMEDE <, FEOREITRU TARE S HEZEL
THZENMRETHDEEALNS.

PhSto® @ N RIZIZ B A MERENEEL TH
0, ZO5EIT PHISIp @ 2 [AIJE B @A FES
LEEZLENDZEMS, Fig. 1(a) Ta/Bf KRAA
O EINERBEEHEERTSEEASNS. £
7z a5 ~NU w7 2D EE w2 w7 ILF
ZUWRE (Arg-186, Arg-197, Arg-204) MTEEL T
W5 [Fig. 1(@)]. a5 NI YT AN o/ RAAL 2D
“ARORESEREELTEHSZEIZKD, Zh
S5OYIVFZUERENEERBEOAEREFO Y >
R EHBBEMHEERT2OTE RV ETHIN
5., A BT 4kY > /N7E (Stomatin-like
protein 2, SLP2) 7%, X b2 FU Y OREREEITHR
% mitofusin2 EANTFOLBAZERT D Z &M
WEINTNS.19 Z k<X F > PHIS1p @ o5 NV
v I ANERBEICHEERL, AT 20 FH
T, HLLBANYF L EMDH TN oS N w7
2N L1 ROCIIHEERICE DS
SLP2 DX D IZHER & OEREICEET 20 b LA
AN

4. AMIFUZEBHRETOTT7—EICLDUH

PHIS1lp EE FDOA MY F T I BE SO
FHEMEAY 43% & i@y, E RO R MR F 2T
LEAEZERLTHOD, CERMAD 264-272 51
(STIVFPLP2?) NLEREKICEE TH S &
HEINTWVS.® PHIS1p B W T 234-242 FR A
(¥NVIVLMLPM22?) 237 OEHICHS4 T 5 (Fig.
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Fig. 2. Coiled-coil interaction

(a) Crystallographic symmetry-related molecules of PhStoCP with a unit cell. (b) Close-up view of the region surrounded by the dotted frame in (a). One o5
(chain A) interacts with another 5 (chain C) of a symmetry related molecule (indicated as asterisk) . (¢c) Residues 188 to 212 of o5 are projected onto helical wheels

in the clockwise direction from residue 188. Bold letters show hydrophobic residues.

PA0452 226 |(IAGDJSSSTMVFPMIPIELFGGKYA 248
SMB20989 228 |IAGE|JSNSTHMIFPFIIMEIADMLAT 250
MEC-2 346 |ISAEJSNSTHMIFPFIJIDLLSAFLQ 368
stomatin 258 [IAAERNSTMVFPLIJIDMLQOGIIG 280

PH1511 228 AGDJ4SNVMVLMLIMEMLKLFKS 250
PAB1933 228 ASDISNVMVLMLIIMEMLKLFKS 250

Fig. 3. Sequence Alignment of C-terminal Amino Acids for
Stomatin Orthologs

Abbreviations are as follows: PH1511 (from P. horikoshii) , PAB1933
(P. abyssi), PA0452 (Pseudomonas aeruginosa), SMB20989 (Sinorhizobi-
um meliloti), MEC-2 (Caenorhabditis elegans), and stomatin (human).
White lettering boxed with a black background indicates residues that are
conserved in all sequences, and bold lettering indicates similar residues. A
filled arrowhead shows proteolytic cleavage site of PH1511p by the 1510-N
protease. Underlined residues of human stomatin are crucial for oligomari-
zation.

3)

BREN S & LT ZOLERERICE ST 2 fHEiK
(34NVIVLMLPM2%) 1z 1510-N YO 57 — I
KD UIERALAEET 5. 1510-N 70577 —H13,
PHI1511p @ Leu-238 & Met-239 @ [l Thr E )12 4)
Wrd % (¥NVIVL | MLPM?2) 1V £/t DX k
SF BT, 1le-266, Val-267, Phe-268 d 3 D

DFRIENEREE OMHBEERICKEATH 5 & OME
HH 5.9 PHIS1Ip IZH W T, Ile-236, Val-237,
Leu-238 282N 5 OFRILICHLT S, ZheD 3D
DFHIX 1510-N 7O 77 —BIZ X 2 UIEEAL D9
<HIORETH S, MROLERZRKT D EE X
5N %A h<F > PHISlIpIL, 1510-N 7057 —
YICL DU 22105 &, AAREEOL R fREE
L, TOBBEEIENBASNOBERIEICEET S
DTN ETFHINS.

5. &HYIC
AT, AR F 2 PHISIIp DT KA
> PhSto®® O = RcHEa & L, T ORERN
Y7057 —+ 1510-N & OB E#IC DWW THEMTL
oo ARRFUOZRITHEZEIO TIRETE 27
W, INSDY NI EDOEEEMRHD TNV MG
SNzEZEZTNWS, L LIREL K PhSto® @
K MGE 1, 1510-N 7057 — I & 3 U Rz
EHLTWRNWZ EMS, PHISIp O£ EK#E
Tlix7a<, LA I510-N T X2 Y M O#IETH
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HEEZLND. 51, 1510-N 12X B YWriEkfr 2z
WA MY F > PHISp DL EAMEE 23 ET
HZEMTENL, AT > OAREMILEEAEDMR
BRIZ DN % EHIFF TE 5.

i, EREMOBERERE-5 >N BEEKT
& B vault O = RICHEIE DY X KRk G MTIZ L D
RE I 372,17 vault 135> F &2 1000 J5 T 2 Al it
P B ARRE AN DB G0 HE SN TV D NARERR
BEEEISEH S MiZ/a o TWaly, BBRENZ &I, Z
D vault DJF R A A > O#EEMN X h< F > PhStocP
OREE EFLIL TV, vault BNIEE S 7 RS
THHENMESNTND I EH S BEHEDHEAER
AN CREA N S S g AR

BIEE AR, PEEENR AT DR HAR
K+ EDOREMETITONZDDTY. Ktz
fI212h/z0, ZRETHEELECHEZEZHOVELE
MIELITILRDEHFL BT XY, S5ICTH
Y e, ZTHIEEEDI D £ U ERA RN KRR
HOBIBBIRICHEEZR L £T. E-EEmTz
TOIChz0 THEERTEZTE L ZEERNE AT
FrORH—E+, REREE L, Wi, X#
[EHT5R T — & QIR ZTT O BB IMEFEITRD £ Lz
DLUTE T RIF —INHEGFH R DX Y v T D&
BRI WL ET. &iglC, BEATHZTETWH
11 7% T 72 PESE RN AR S 0 75 7 D R HE I 75 25 O B
B, BRIRAT K FIREE O HE B OBBICHEALE L
FFET.
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