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7 FHEIR 60 KB RGRFFNH
#® B ARH

(HEMFRA MRS L 100080)

W R OAASMNER SRR SRR P B, B R A, XA R
RER ey, MEAROR AR REOME, X—IEHE A TS 60 B3y
HRBERFFAH. H A5 16S IRNA FRINERAMTEREZ LB, X—SEER
], R RFTE C-125 BBE R R H B0 b F RS B S T i,

XA TR RERE¥, 4T, EHERITE C-125 Bk

REAY TR 14 L FRThRBEWH LR, BECH LIRS —Fil.
FP AP BN R 2 B 3, IO, SR SRk R o 40 I R P B T AR
M R R A MHARI AR, B AR SR A AN S, BT —RkA
AMFERXRR, ZHESARREHLRM R, BMEEHIA R BA TR S % &
B & o PR R B 5 A s R b AR, B, @R R R B R
C A1 168 IRNA Fy 51 i LB CL A, SR tArT fE AL e FL 40 B b 58 G 40 o A — N AR R AL T
K74, TiRg 168 IRNA FEF 9547 th R AR IKAT SRR IS B — M RB AR, T
SRR SRR AL F B IR R B X BREA RNA SR EFFIR L, BUEBE L
R FTAMIRA I FB, LIRS — SN A R AL S RE. N E. B
IR FI R0 A P AT TE RS LR B R PRI R U T AR St R BRI IS 8.
ST AER 60 BURXFE—FITEZRRIK, M RALL R BN P AR RIS b e i
FHREAR. EMA SRR AP R RN —F 74 FIBEREE, By LY
W REMRE. ASCHGE. AIEE LTS, WF AR A RE AT C-125 Bk
TFHIE 60 BAFFF 5 HAMBRE R DN EMAR, KB FEROHEN R SRR, —
WE T VR AT B C—125 WA RIAL, 5~ FERER TR SEARETEE
PERA 2 EHRRE TR, UFMHHE S EHAR R Z e ER.

1 #¥fiysk
11 PRRRSFIRITE C—125 BB S FREM 60 BEA S HNE

PEBEFRATEY C-125 BHEPH K DNA St SR EE MR, S EMIFE BD24 B
% E DNA 818 PCR RN MBIk 18 H A 5 694> T 1 60 (GroEL) £, /5
Digoxigenin—DNA labelling Kit (Boehringer GmbH, Mannheim, Germany) $7ii% PCR 7=
P, AHARICH PCR P9 454, i Southern blotting %77 ¥4 B 1H C—125 BidkryMm
HB, RETERE E. coli B, B Al Dideoxy—chain—termination 77 5.

EXTF195%E6 Ao Ak B,
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12 7R 60 ERAEERFY

MAEBTEERBTEINS THE 60 BHARFFIRARERT LA RB R PE
B, A RECHERERFNEAARATHITR., R C-125 BERMND T
IR 60 B E 5515, AR BH M EERFFIER K Swiss—Prot Data L& Genbank
Data £k, C-125 itk THB 0 RANAEMFIEHENZEOREBHETR
A BETE.

1.3 7R 0 EARERFINRELTESH

A B H TS 60 B ZERFIIME—TXHE T, A “Clustalw”
B4 Y, B o R A AT & 5 VS AC HESY (Multiple Alignments) 5+47. &K%
FHREHFI IR EEHR = BWAL: 1. Ff—#18E. H#a “full dynamic pro-
gramming” 7% SUc B HER B 3 FF, SR UG T3 T FIEl B9 “distance matrix”; 2.
7E “distance matrix” 288 |, i Nei 1 Saitou #J “Neighbor—Joining” J7 8" "# . — 1 -
“guide tree”, J R G LG M E FHI GRS 3. HH “guide tree” B 2 BUBUF , # A
M Feng M Doolittle [ “progressive” 7 i&!'3, Xt By & Fe 5l #E17 B 86 A& 5 UL AL
5, BIGB— 4 £ FEFI T AL HESI RS, Hooh T A Bk 11 (gap) AP HETTREAL. ¥
“Clustalw” B FE 1315 & 19 % Fr 51 0 AL HE 5B LA — 4~ S04 B ITE 5K, 85 A Felsenstein B
“PHYLIP"v.3.5c BF L+, HITRANELER T .

£ “PHYLIP" B Y gL B+, 4 Ll “Distance Matrix” BF A TR FE,
“Parsimony” B /7 Joi, #E1 743 FHE 8 60 BEMRERF .

Neighbor—Joining 1 Bootstrap FF: & A “Seqboot” B h—EFF14E, %BEFET
“bootstrap” 7 Y, F= 4 100 ZHEAT AL M FFFI R, BH &4 5 WA Bl “Prowdist” ¥, 1
“Analyze multiple data sets? *BE3HL4 100, B FFFI M Dayhoff #1 PAM 001 B4+ 5
distarice matrix, P74 4 BH HY T 100 EF7 distance matrix & # “outfile”. MM
Distance Matrix B2 & Nei #1 Saitou"'#) Neighbor-Joining J ¥l i #5225, T2 &, 100
A~ Neighbor—Joining & 4 & BRI “treefiles”. ¥4 “treefile” FHi i 5 /5 A “consense” B2FF,
% FF 35 17 — 41 “M—sub—L" consensus tree 77 3", M 100 £ Neighbor—Joiniong A
“treefile” ¥if # 7= 44: —-1~ “majority rule consensus tree”.

Distancc matrix ) “Fitch” B8 J§: & %8 — & F A HE S A “Prowdist” BF ., Hig
Dayhoff & PAM 001 88X 5% i 5 5 8038 %11 5 “distance matrix” , #8)5 # X — “distance
matrix” 8 A “Fitch” B 5+, # “power” # £ 2.0 4t, “Global rearrangements” = Yes, i id
“Fitch—Margoliash” 75 7 2", M “distance matrix” FiER A B RE R TH.

Protpars B 5 : #i A “Protpars” B & ' — £ 31 &ﬁ., % 8 i # F “parsimony” 77
I R AT,

2 #R
2.1 MEREFFAITE C-125 BHS TR 60 B EMEEMMAF

£ Schmilt Z A" T ER F, H AU B EFHRFEN S DNA HER, @
PCR EARD 1 BB F AT TR 60 A PCR &Y. I TRREHFRTE
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36 %

C-125 BV R B FED FHR 60 XEH, FARiCHH R E PCR Y HH 5
C—125 TRERFR BHE N IR AL BT 49 B DNA 238, XG4 R B —& 3kb ELHERRH
B, ANy (F 1), RBFE— 58K Open Reading Frame, B TZEEAF L5
HAARE 7 1FEIR 60 ZEEE BRI, BT ABGA B R C-125 BbkM 5 FHE8 60 EH,

2.2 FREESTFHE 60 BANRELETFEIH
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Purple Bacteria
(y—group)

:I cmmﬁydiae

3

—

] |

Spirochetes

Gram-Positive Bacteria

Cyanobacteria
and Chloroplasts

B2 SrEE 60 WO RN “Consensus” RIEAEW

R R A M 100 | bootstrapping BUES Hray B, 4+ LM B WA T A4 100 4 H bootstrap-
ping ST &SI FA B R TR ROHLR.

Fig. 2 Consensus phylogenetic tree of hsp 60 protein family

The tree contains the values from 100 times of bootstrapping. the respective values at the forks show

how often the group to the right was found out of 100 trees.
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ECOL e
ACTPS
HAEDU
CE%AE Purple Bactenia
LEGMI ( y-group )
LEGPN
- S——— COXBU rd
| s“g,ic; Cyanobacteria
‘_"_:5““’3—2 and Chloroplasts
o | S
MYCTU ]
STRAL2
F o STRAL1
- STAAU » .
THEP3 Gram-Positive Bacteria
BACST
BACSU
C-125
LACLA
CLOPE
) _:U-:P CLOAR —
IN ;
BORBU —] Spirochetes
iy 7] chiamya
ae
L—cHPN -
AGRTU —_
RHILY
D AR
BREAJM Purple Bacteria
BRAJAZ a—grou;
RHIME ( “Eroup )
RHIME1
RICTS -_—
YEAST ey
MOUSE
I._[ RAT
CRIGR
. HUMAN

HELV | Mitochondria

MAIZE —

3 M 60 EOFKKE ‘Fitch” RARHH
B ER A RRE M T RN,
Fig. 3 “Fitch” phylogenetic tree of hsp 60 protein family on the basis of “Distance Matrix” method

The bar scale indicates 10% estimated nucleotide substitutions.

HHESOANAFEENDTHR 0 BERMNBTRERTEMN (R 1), Hp
C-125 BIBRHGSY T HE08 60 2 AR F), M LR E BRI BTk, WHASF
FHRE 3 P PR M Swiss—Prot data k78, 7E3X 50 14 FHEMR 60 BB P, B HS
— SR T AR (SR, MR b, A Clustalw BN X EFIHTES
W EFFILRHES (S5 FW), HFIREPRB O PHTREMN, X T RAET
SERMBATHA, BNHFENRRFEEACRNE T BRN B, A TUEEF
KO AT FF B [ — ot — 9 LRI S0, K6 B T B . MBI B G M B R AT
RHFIM & PHYLIP Bir QR RAX T ¥ 5. M 2 J28L Neighbor—Toining H#:
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HERHE. F A bootstrap AT A 2K, B ARG ERM consensus RARFW. K
B X ERIBEF KT 50, RAEBAEA B0 BOR Al R0, B2 2w BERy; B 3 21X
Fitch 77 #: A&l Distance matrix £4 % & #; E 4 & Parsimony ES A H dHbi. £ X
A EH#H WS, B 2~4 MERRBT 504 ARXE (400, La AR 4E) 5
FHIR 60 BB ZMMRFRT KR,

\
— % & &
(%)
% % o st
= 206 N
5 My W13y z
8 g
m R 8
@ [~
2 g
gl o RN
a 2 ‘((’éb &
£ | e ‘ < K X
0| o FF &L, % ¢
¢ O ‘é’ é’
g
N\ 2 \e
Do / >
“, %
o N /
- (dno Ty & A )
? g aldmd
B4 5T 60 &G FEN Parsimony"RE X TR
Fig. 4 “Parsimony” phylogenetic tree of hsp 60 protein family
£1 S8 60 MAMER
Tabie 1 Chaperonin 60—protein sources
f£ ® : #H & ¥ A BB MEAS
Code* Common name Scientific name Accession no.* *
CHRYVI Purple bacteria Chromatium vinesum P31293
PSEAE pseudomonas aeruginoesa P30718
COXBU Coxiella burnetii P19421
AMOPS - symbiotic bacterium Not Yet classified P26004
LEGMI . . Legionella micdadei P26194
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gE1
B B4 ¥ -4 WEENHAS
Code* Common name Scientific name Accession no. " *
LEGPN Legionella pneumaphila P26878
ACYPS symbiotic bacterium Not Y#t classified P25750
ECOLI Escherlchia coli PO6139
HAEDU Haemophilus ducreyi P31294
AGRTU Agrobacterium tumefaciens P30779
BRUAB Brucella abortus P25967
RHILV Rhizobium leguminosarum P34939
BARBA Bartonella bacillif ormis P35635
RHIME Rhizobium meliloti P35469
RHIME| Rhizobium meliloti P35471
BRAJA1 Bradyrhizobium japonicum P35861
BRAJA2 Bradyrhizobium japonicum P35862
RICTS Rickettsia tswtsugamushi P16625
CHLPN Chlamydia pneumoniae P31681
CHLPS Chlamydia psittaci P15599
CHLTR ' Chlamydia trachomatis P17203
" CLOAB Clostridium acetobutylicum P30717
CLOPE - Clostridium perfringens P26821
BACSU Bacillus subtilis P28598
C-125 Alkalophiles Alkalophilic Bacilius sp. C—125

BACST Bacillus stearothermophilus L10132
THEP3 Thermophiles Not Yet classified P26209
MYCLE Mycobacterium leprae P09239
MYCTU Mycobacterium tuberculosis P06806
STRALI Streptomyces albus Q00767
STRAL2 Streptomyces albus Q00767
STAAU Staphylococcus aureus Q08854
LACLA Lactococcus lactis . P37282
BORERU spirochete Berrelia burgdorferi P27575
LEPIN i Leptospira interrogans P35468
CYACA-C Red algiae Cyanidium caldarium P28256
SYNP? Blue—Green algiae Synechococcus sp. PCCT942 P22879
SYNY3-1 Blue—Green algiae Synechocystis sp. PCC6803 P22034
SYNY3-2 Blue—Green algiae Synechocystis sp. PCC6803 Q05972
YEAST-M Baker, yeast Saccharomyces cerevisiae P19882
ARATH-M Mouse—ear cress Arabidopsis thaliana P29197
MAIZE—M Maize Zea mays P29185
BRANA Rape Brassica napus P35480
CUCMAI Pumpkin Cucurbita maxima Q05045
CUCMA? Pumpkin Cucurbita maxima Q05046
MOUSE-M Mouse Mus musculus P19226
RAT-M Rat Rattus norveqicus P19227
CRIGR-M Chinese hamster Cricetulus griseus P18687
HUMAN-M Human Homo sapiens P10809
HELVI Heliothis virescéns P25420

"CHEBREMARE " PorQ FEAKEET SwissProt BRI MHEA S SR R Genbank Mif A5,

C. chloroplast;"M. mitochondrion: * * Numbers preceded by a ‘' P or Q/ are SwissProt database entries;

The other is Genbank entry.
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HFARAFEREN S FHER 60 FOFFIMERUEEERAFINRTHE, CRE
EERRXEEAEMIAEYHNERRENNEXER. A1 SRTADEEL, Da
FHM 60 BAFPAERETERNREREN, 5 Woese ™A HE 165 1RNA F5)
BUYBRNAZALER. EFE TSR RN, S, EEMAET AL ERRFI L
fii. R ARHEE A YRENHNE T, BEEL - HARAMNEHELHH &
e, WA, B RS KRS AR AR, KPR AHEEE NS B a. .-
LEHRP AREERT EAMBEER. o TR R, SN2 S ENELHNY
R AL T LAY

EE2~4h, FREERILN A, EMET). REHAFEE, - TREH K
B Richettsia tsutsugamushi 5 BB EMRBETES THH 60 BAFT ENBRELX
RURFEMET, B KBEH—DRR Synechocystis sp. PCC6803 B#k SHY sk
HE4FHER 60 BHFH ENBESZRR. XRHF—FENS—FE#—5 XFHFNINE
TESITE 16S IRNA 75 -4 26l E KSR ket 4R B Pt A 220, iR e
R, —AF AR AAERA R AR, BLR—FRARIEXR, Bl KN
M ERIER T RSHENK, RE, —REsaERAS—FHAREN, BuRIEX
%, BE#ERAASHHREYN, B2~4h, C-125 B SHEFRTAMNEREXR
£ FHR 60 BOFFIMNER E AR EHD, BRER, C-125 HHk o2
WERIEHEFREE. 82,0 THE 60 EaM) EHRERKAERFN LHRTHE, &
BEREERE N E—HREEHMEN TR,
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PHYLOGENY OF MOLECULAR CHAPERONE 60 PROTEINS

XuYi Zhou Peijin
(Institute of Microbiology, Academia Sinica. Beijing 100080}

Abstract We present considerable evidence supporting the endosymbiotic hypothesis for the
origin of mitochondria-and chloroplasts that the member of a—group, purple bacteria, is the
ancestor of mitochondria and the member of cyanobacteria is the progenitor of plant
chloroplasts. This evidence is based on the relationships among the chaperone 60 proteins,
and this result is in very high agreement with that from 168 rRNA sequence analysis. In ad-
dition, this result also shows that the alkalophilic Bacillus sp- C—125 is closer to Bacilfus
subtilis than the other members in genus Baciflus in phylogenetic level.

Key words Molecular chaperone 60, Phylogeny, Molecular evolution, Alkalophilic Bacillus
sp. C-125 '
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