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Thenrws rhmnophilw is a strictly mobic Cubacteriurn which grows optimally nrar 7(F C.

IISrcsphory system is very similar to thal of eukaryotic mimchondria, and the organism has

m-oven to h a particularly good SOLUUof stable, comparatively simple respiratory enzymes Id

I{cfs. 1 and 2]. There are al least two terminal oxidases: The recently discovered cyiochromc ~3~

and cymchrorne QI M32. C!ytochrorm ~3 is an analog of M3 in which the heme A of cymchromc z

is repIaccd with pnmoporphyrin IX (herne B) while is other redox components arpear w bc Itirgcly

idrntical m those of the now classical mammalian cytdumm M3 [~Ref. 3]; it has only iI singh

3S kll pmcin subunit. Cymchronw ~1~1 conskL% of two polypeptidcs. The -33 kll C-prow”n

covnlcml y binds one hcme C, while tlw -55 kD protein is thoughl m bind the four canonical rrd(m

ccnlcrs of ~~. IWOhcme A, and two (h [c~ Refs. 1 and 2]. Toward our goal of uncquiv(rcill]y

csulhlishing ~hedistnhutiun of the metal centers in cytochrotne SIM3. wc have Kdiitd dw



RESULTS

~ availability of fragmentary amino acid scquencz infornmion can make possible the.

dmction of specific DNA scqmnce md therebyaid in the identifution of structuralgenes. Our

approach [o isolating the A-~ein gene involves tic usc of most pbablc codons, as dism~:d by

I.athcq, 10conscruct a single 38 base oligodcoxynucleotidc probe as shown in FIGURE1. When

the probe was labeled at iui 5’ tcmtinus with 32P-phosphalc and hybridizd 10restricted

chromosomal DNA in dried agarosc gels, specific binding to -2.7 kbp (Hind 111)and -2.8 kbp

(Pst 1) DNA fragrrmm was ohscrvcd (photos not shown). These fragmems were pn-ifrcd from the

gel, ligated into plmnid pUC.ti,and the rccomhirmn[ plasmids were transformed into E.mli;

colonies Iwu@ the Hindlll and Ps[l resmction fragmcms were idcrnificd using colony

hybridization. When the prohc was hybndimd to plmmid DNA from these strains, which had

been CUIwith both tlindlll a~d PMl, it associated, in hmh CMCS,wilh a common fragmem of

appmximafcly 6(N hp. Ilis along wilh o[hcr I Iin(ilIl./l’sIl fragments, as shown in ~]GLJRt{ 2, were

cloned inm baclcriophapr M 13 vccmrs for sequencing. llc IWIIIIS of our .sequcncirrg cfforl up to

Ihc lime of this Vmitirrg arc sh(mm in I;I(;(IKI”3. Pwliminary arnim) ircid .sequrnc-c infwmmi[m

availahk for Thtwnm is ~(~nlpil~(! in l;](;[IRl:4 with rclcvan[ sequenw inf(mmtion fnm Ix)viw

and yI:MI suhllli[~ I and [ht. liirg~ whun ils (II” /’fJrlJI f Mwu Arrifrifimm and Iku.ilhs !’S ~: IIIC

h(m)(dogy mmmg Oww pntrrms ISrxwnuvc ltr~lt)rls (d p-rl~wl:dy prlmtwnccd h{m~do~!; ilrl.

7 ~(),~(~], 170. ar~tj 4 1~ (tx)vir]c nunltwring), ‘Illrw rcpi[mk ir:i.lu(lr Illcevicknl ncnr pmiriorl~ ~)s, ~~

C(mwnwl hl~ll(!lnc~ Utll(”ll tlil V~ In.rll p:w!n.rr(! u) (twin llgnrnl~ 1[) Itw I*[) twrlw~ :Ill(; ( ‘1111td

cyr(xtmm)~ il~lIik

I) IS(.l ISSION

Arl twr~rmtllny [pw~rlltl~IIIImwlirr}’r!l(\ 1~Itw dl~lrltwrlltll [d Itw cniln{uli(;tl n-~l[IR rlwr;ll~

:lll)IuI~: llIr viul(ul\ \lllulllllI. [II ( vl(- tIIIIIIIr ( I)\I(liI\t. W’lb.\lrl)rll rr :111”h:lvr (t}ll(!Il(l~’11 Irllrli d

\lIItlv {)f Ihr rxrdlll lllrr,lllv~. rh:lrIUIIJSIIIIIIIIIII. I illlll II mr rc.lw)ri;ltdt. ~:tmll~klrr~I[tl

rlwl;lll{ll}l~)lt.111~.;Irul Ihtlrll rr illlh (lr\’rwtl ;1 \lillt 1111.11 II MMII”I Ill .*III( h t vr~~ I)ll)rlw ii ;Illtl [lit’

( VI(M Ill{}rlw ii ~( ‘lll~ Ihllr ill~. Ib)lilll! rll klltllllll[ I Mlllk ( ’11A l\ ~MNllll! Ill ~lltlllllli 1! I’llllfll ,1111)11 Id ;1





While the problem of mad distribution mnains urmsolvcd, it is clear from W sequence dab !h

if ~A k k SUbUIU[] h -~ k (xXRdJnSd 10C@.IIe M b ~ no lnVfiWIt CyS~CinC RSdUCS

in this subunit.
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!@ridiuItion totheDNA pdx is indicaudby underliningIk DNA SCWCIKC. Cmrqwison w+ti

FIGIJRE1 will show that there is only one mismtch kmwan tic pdc and ~C acmal scqucncc.

FIGURE 4. Alignment of Subunit 1~ucnccs from several diffcmnl spwics. Amino acid

sequences for lxwinc 13,ycasI”. Pa~acoccw dtnirijicans (I’d)’ 5, BtJcillK~PS3 O’S3)’6. and

pmhd sequences for TWnuAs IhrmuJphilKs fl”I) are show. Amino acid residues conservm! in all

~uhni[ 1sequences rc~nd m dale are indicawd by an zsmisli tilmvc lhc sequence. Posi[it)nk iII

~hl~-}, the Thrmw rhcrmoptilus subunil rnatuhcs all four mhcr sutwniw prescnwl hert arc

indl~wed by an aslerisk Ixlow the sequence. Ilc scqucnues wcrr aligned paiwisc using [hc

prl)~-dm GAP from the University of Wisconsin Genetics (hrnpuler croup’7. I%e align mcn[s

wem hen ~wemblcd into k composite figure, with mimw diwrcpmuirs rtMIlvt4 in fdvor of

prrwving the alignment of residues conscrvwi dwough(ml all [hc ak~vc sequencus.



Peptide

Sequence Met Pro Arg Arg Tyr Tyr Thr Tyr Asn Ala Asp Ile Ala

Codms A(JG CCA CGA CGA UAU UAU ACA UAU AUU GCA GAU AUA GC-
posslble CCU CGU CGU UAC UAC ACU UAC AAC GCU GAC AUU

CCC CGC CGC ACC GCC AUC
CCG CGG CGG ACG GCG

AGA AGA
AGG AGG

Codon
ch~sen AUG CCC CGG CGG UAC UAC ACC UAC AAC GCC GAC AUC GC

‘/0 use 100 63 51 51 95 95 63 95 99 74 98 89 (100)

0 ,,

/_
d’
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----- A------- .---” - -
-. adAw- .--a. -.a aa --- A.-kc A7z7-”.sA:CGTGGGCGAGTCCACCCTCTTCCAGATCGCCTTCGCCTTCTTCACCGCCCTCATCGCC
------------------- .--------+---------+---------+---------+---------+---------+-..-------+
-.~->P.r?ez”..alT-~AlaK~ sx:s.YecF.9ei%r’7al G2flluSerThrLeu?heGlnIleAlaPheMaFhePheThrAla%uIl&~a

XtKCCA:=-& TAKX=”ACAXATC-CCCX~~WK~M~CCCCCCXTAC-l-~
------- ------- ------- _______ -+----- ----+-- ------- +-------- -+------- --+------ ---+---------+

~l;:.;allys&:Fk*sn1le1ie5iyThrMuTr@l@lyLyskuGlWtLysThrProkuTyrTrpVdlI~uGly:’a::r:Tkr-

—mv—ms-— .-..--..@ ..-. -p
---fl ------- -.-.-.-.s;..~fi -. AC:2GGGTCATGC TCTCCATGACCCCCCTGGACTACCAGTTCCACGACTCCTAC’R’CG~

::.e:l~;r.e:=-:-ta-a.”>---- y:l.::l~:?.r.-”. - . .. . . --- - ---- - ~-y':alW:LeuSerWtThrProkWpTyrGlnP:leHisMpSer~rPheVal

-------- ------ -. .------- .-e.. ”e -- --e-,-ee m.-.-p-
_.

----- - ---- . - a - ==-s ---- . -es- .- .u~C=CKC=C~ACTACT~ T~CWGA~AC~CW-- .-- P------- --- -.
--------------- ------- -------- ------- -- +---- -----+- ------- -+ ----- ---- +-- ------- +------ ---+
.. --m.. .-
. =..* 3-..-5? .-.2+:: 5A5 ”.”..z::.e’~ve:.;:~~:..’~~:;. . '#?F.eGlyAlaPheALaGlyUuTyrTyrTrpTrpP: oLysMtThrGlytig-.

------- -- . ----- ---------- -----*P----P- -- P-!- P.--P--P
.-. . z ..”. -z. -z.-zA---”- -------- .Cw-- - -wF-w . . “.-” . “- . . ...= . &GCTACCTCCTCACCTTCCTGCCCCAGTACGCCCTGGGCTAC

--e--~.-. --------- -. --.-=-” -.p=.”---~ ,-

A: CGX-S'%GCCCGAGCTCAACCTCCTCTCCACCATCGGCGCCTACA'K. . :--s-. . ----- .U-wx--- ----- -.-i-n-w -r.wnn-a-kcfiv.

----- ----- ----- ----- ----- ----- ----- ____+ ----- ----+ ----- ----+ ----- -- _-+ _____ ---, . +---------+

-A -.-: .% :.=rz:.r~;. zz?,’z?l’=:)=r---- :/:As.%1 %s.~l.leAJa GJ:#TrpProGl uLeuAsnkuLeuSerThr IleGl yAlaTyr Ile.-

--------. . . . . . . . . . .---efi.--- .~.-..-m-e -
- - -.--s.s- - . s--s- ”%%-- . w%- - -. d,s- - . n“A” -n . a - a MX:TCCGCTCCGKCCWKCCCCCGACMCCC~m~~AC
------ ------ ------ ______ ______ --_--- ------ ------ ------ ___ --+ ------ ___ + +--------- +

.---q . ..- . . . . . . . . . . . . . ..-. .*
n----~w- S--.-.A . . -x .- a.... ..MZECZACWC-GAC GZU”dT7
------ -----_ ------ _______ ______ ______ ---.-- ------ -+ ---- --- 687
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