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Abstract 

A 4.5 kbp EcoRI fragment hybridizing to a fragment of uncD (coding for subunit /3 of FiFo-ATPases) was cloned from chromosomal 
DNA of Acetobacteriura woodii. The nucleotide sequence was determined and revealed five open reading frames (ORF), four of which 
were identified to code for subunits of the Na+-ATPase. The deduced amino acid sequences of these ORF's are homologous to subunit a 
(partial coding sequence, C-terminal end), y, /3 and E of FiFo-ATPases from various organisms; furthermore, the organization of the 
genes in the order uncA (a) ,  uncG (7), uncD (/3), uncC (~) is identical to the structure of unc operon as present in most bacteria. 
Downstream of uncC is an ORF whose deduced amino acid sequence has 53% sequence homology to AlgD from Pseudoraonas 
aeruginosa. The structure and organization of the unc genes are the final proof that the Na +-ATPase from A. woodii is a member of the 
family of F1Fo-ATPases. 
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The homoacetogenic bacterium Acetobacterium woodii 
is a strictly anaerobic bacterium whose bioenergetics are 
based on a sodium ion cycle across the membrane [1]. The 
Na+-translocating ATPase has been purified and was, by 
biochemical and immunological criteria, identified as a 
F1F0-ATPase [2]. However, despite these similarities the 
ATPase from A. woodii differs from other F1F0-ATPases , 
including the Na÷-translocating enzyme from Propionige- 
nium modestum [3], in three regards: as judged from an 
SDS-PAGE of the purified complex it contains just 6 
subunits, the F 1 - F  o interaction is different and it is inhib- 
ited by nitrate [2]. Therefore, in order to clearly assign the 
Na+-ATPase from A. woodii as a FIF0-ATPase it was 
necessary to determine the DNA sequence of  its major 
subunits and compare the deduced amino acid sequence 
with those of  different ATPases. 

In order to clone the genes coding for the ATPase from 
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A. woodii we took advantage of  the fact that subunit 13 of  
F1F0-ATPases is very well conserved among various or- 
ganisms [4]. Therefore, a homologous subunit /3 fragment 
was amplified by means of  the polymerase chain reaction 
(PCR) using degenerated oligonucleotides corresponding 
to amino acids 54 -58  and 208-214  of  subunit /3 of  
Escherichia coli. The identity of  this fragment was verified 
by sequencing and it was further used as a homologous 
probe. All techniques used were standard methods [5]. 
Southern blot analysis of  genomic DNA restricted with 
different enzymes revealed a 4.5 kbp EcoRI  fragment that 
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Fig. 1. Pysical map of plasmid pAF1 and organization of genes in the unc 
operon of A. woodii. The EcoRI fragment was cloned into the EcoRI 
site of pUC18. Genes are indicated by boxes and the direction of 
transcription is indicated by the arrows. E, EcoRI. 
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1 GAATTCGAAAAAGGACTAATTAAATTTGCACAAAAGAAATACCCTGAAATCATGACTAAG 60 

E F E K G L I K F A Q K K Y P E I M T K 

61 GTTAAC-GGTAAGGATGGCC TTTCAGATGAGGTCGTCGCAGCTTTTGCTGAATGTATTGAG 120 

V K G K D G L S D E V V A A F A E C I E 

121 GCTTATAAAAAAGTTTTCAGTAAATCTGTATAGATTGTCAGCGGAGGTGATTTTCGAGTG 180 

A Y K K V F S K S V ~ mu~t -~ M 

181 GCAGAGAATGTACAAGATATAA~C CTCGGATAAAGAGTGTAAATAGTACAATGCAAATC 240 

A E N V Q D I M P R I K S V N S T M Q I 

241 AC CCATGCCATGGAATTGGTGGCATCGGCAAAQC TGCGAAAAAGTCGTGAGC TTGCTGAA 300 

T H A M E L V A S A K L R K S R E L A E 

301 GG TCGTCGACCTTATTTTGAGGCTATGATAGAAAGTATTGGGCGGATTGTCGAGAAAAGT 360 

G R R P Y F E A M I E S I G R I V E K S 

361 GGAAACGCCCGCAATATTTTCATGGATCAGCGAGAAGTTAA~CTC.CTTATATTATC 420 

G N A R N I F M D Q R E V K K T A Y I I 

421 ATTAC CGGAGATAAAGGTCTGC-CTGGTGGATACAATGTAAATGTTGCAAAATTGGTTGAA 480 

I T G D K G L A G G Y N V N V A K L V E 

481 GAAC ATATAAC CGATAAAGAGAATGC TGTTTTATTTACAGTTGGATCAC~CGCGAT 540 

E H I T D K E N A V L F T V G S R G R D 

541 C ATTTTAGAAATCGTGAATAC C ATATTCAGGGTGAGTATCTCGGAATTTCGGAACGACCA 600 

H F R N R E Y H I Q G E Y L G I S E R P 

601 AAC TTTTTTAATGCCAAAGAAGTAACGGC TATTGTTATGGAAGC43TTTAAAAATGGGGAG 660 

N F F N A K E V T A I V M E G F K N G E 

661 TATGACGAAGTTTATATTGC CTATAC CAAGTTTGTTTCGACCATTACGCAGCATGCTCAA 720 

y D E V Y I A Y T K F V S T I T Q H A Q 

721 ATGATGAAATTGTTGCCGCTTTC GCGCGAAGAGTTGATAAC TTCAGGTAAAGTGAAAACA 780 

M M K L L P L S R E E L I T S G K V K T 

781 AC TGAAGAAACGAAAGAAGAAAAATCAAAAATGTCGGATC GAGAACTAACAATCATGACA 840 

T E E T K E E K S K M S D R E L T I M T 

841 TATGAACCGGAACCGGAAGAACTTTTAAAGTATCTGAT~CGAATCTTGTCAGTAGTACC 900 

y E p E p E E L L K Y L I P N L V S S T 

901 GTATATGGTT CAATGATTGAAAGCGC C GCCAGTGAACAAGGGGC GCGC CGAACAGCGATG 960 

V y G S M I E S A A S E Q G A R R T A M 

961 GAATCGGCAACCACCAATGCCAATGAAATGATTGATCxGGTTAACACTTCAATATAACCGT 1020 

E S A T T N A N E M I D G L T L Q Y N R 

1021 GTAC GACAGGCGCCAATAAC CCAGGAAATATCCGAAATTGTC GGTGGTGCGGAAGATTAA 1080 

V R Q A P I T Q E I S E I V G G A E D 

1081 ACTAATAAAATAAAACGATTTGCAA~GAC TGAAGATTATTTAGATAGAAGGGTGAC 1140 

1141 TAAAAATGAGTGCAAATTAATTTG TACAAGGAGGTTAGTGGGAATGGCCCAAAATATAGG 1200 

~m%~It~ M A Q N I G 

1201 GAAC43TTGTTCAGGTTATTGGACCAGTAGTCGATGTTAAATTTCAAAAAGACAAAC~C 1260 

K V V Q V I G P V V D V K F Q K D K L P 

1261 AAAATTC4%ACAACGCAGTAAATATTGAGCTTAATC43ACACACCCTGGTAATTGAGGTAGC 1320 

K L N N A V N I E L N G H T L V I E V A 

1321 TCAC-CAAC~AGACGACATTGTCAGATGTATTGCCATC43ATTCAACAGACGGTTTGAT 1380 

Q Q L G D D I v R C I A M D S T D G L M 

1381 GAGAAATCAGGAAGCTGTGGATACAGGGTCAGCGATTCAAGTACC CGTT~AAAGC AAC 1440 

R N Q E A V D T G S A I Q V P V G K A T 

1441 CCTAGGAAGAATGTTTAACGTTTTGGGTGAAC CAATTGATGGCAAGC CATTTGATAC GAA 1500 

L ~ R M F N V L G E P I D G K P F D T K 

1501 AGAT(3TCGTTATGCATCCGATTCATCGC-CATCCACCCAGTTTTGAAGAACAACAAACGCA 1560 

D V V M H P I H R H P P S F E E Q Q T Q 

1561 ACCAGAAATGTTTGAAAC C GGAATTAAAGTCGTTGAC TTAATTTGTCCTTACGTTC GTGG 1620 

P E M F E T G I K V V D L I C P Y V R G 

1621 TGGTAAGATTGGTCTTTTCC~TGGT GCCGGAGTTGGTAAAACCGTATTGATTCAGGAATT 1680 

G K I G L F G G A G V G K T V L ~ Q E L 

1681 AATTAATAATATTGCAACCCAACACGGTC4~TTTATCGGTATTTGCCGGTGTTGGAGAACG 1740 

I N N I A T Q H G G L S V F A G V G E R 

1741 GACCCGTGAAGGGAATGACCTTTATTATGAAATGATGGAGTCTGGCGTTAT TAACAAAAC 1800 

T R E G N D L Y Y E M M E S G v ~ N K T 

1801 AGCGCTTTGCTTTGGTCAAATGAATGAOC C TCCTGGAGCCAGAATGCGGATTGCATTAGC 1860 

A L C F G Q M N E P P G A R M R I A L A 

1861 TGGAC TGACGATGCCTGAATATTTCCGCqlATGATGAAGGACAGGATGTGTTATTGTTCAT 1920 

G L T M A E Y F R D D E G Q D V L L F I 

1921 TGATAACATTTTC CGC TTTAC T CAAGCTC~TTC AGAAGTTTCAGCACTTTTGGGTCGGAT 1980 

D N I F R F T Q A G S E V S A L L G R M 

1981 GCCAAGTGC CGTTGGTTACCAAC CAACACTGGCAACT~TGGGTGC TTTACAGGAAC G 2040 

P S A V G Y Q P T L A T E M G A L Q E R 

2041 AATTACATCAACCAGTAAGGGTTCAATTACC TCGGTTCAGGCCGTTTACGATCCAGC C GA 2100 

I T S T S K G S I T S V Q A V Y D P A D 

2 i01 TGACTTAACTGACCCTGCTCC~AACTACTTTTGCC, CATTTGC.ATGCAACGACAGTATT 2160 

D L T D P A P A T T F A H L D A T T V L 

2161 AAGTC GTGCC ATTAC C GAAAAAGGTATTTATC CGGCTGTTGATCCATTGGATTCAAC TTC 2220 

S R A I T E K G I Y P A V D P L D S T S 

2221 ACG TATTC TTGATCCTAAAATAGTTGGAC AGGAACATTATGAAACAGC TCGAGAAGTGC A 2280 

R I L D P K I V G Q E H Y E T A R E V Q 

2281 GGAAATTTTGCAACGATATAAAGAGTTGCAAGATATTATCGCAATTTTAGGGATGGATGA 2340 

E I L Q R Y K E L Q D I I A I L G M D E 

2341 G TTGTCAGATGC CGATA~AAT~ACAGTAT CTCGTGCGCGTAAGGTTGAACGTTTGTTTGC 2400 

L S D A D K I T V S R A R K V E R L F A 

2401 GAACCATTTAATGTTGCGGAACAGTTTACCGGTAC GCTGGGGTATATGTAAACGATTTGG 2460 

N H L M L R N S L P V R W G I C K R F G  

2461 TGATACAATTA~AGGATTTAAAGAAATC C TTCAAGGACAAcATGATGATq~TAC CGGAAAG 2520 

D T I K G F K E I L Q G Q H D D L P E S 

2521 TGC TTTC C TT~TAGGTACGATCGAAGAC GCTGTAGTA~GCAA~TCAAAGG 2580 

A F L L V G T I E D A V V K A K K I K G 

2581 T'2AGTTGAGGTGAGTTTTAATC.C4ZTGAAACTTTCAGATTAAAAATCATTGCTCCTACTGG 2640 

~ m~4t ~ M A E T F R L K I I A P T G 

2641 TGTTTTCTTCGACGATGATATTGAACGGGT'DGT'TATTCGCGGAATCGAAGGAGAACTTGC 2700 

V F F D D D I E R V V I R G I E G E L A 

2701 AATACTTGCCGAGCATACTCCGCTGACAACCAATGTTGCCATTGGTACGTTTAATATTAT 2760 

I L A E H T P L T T N V A I G T F N I I 

2761 TTTTGCGGATAAAAAGAAAAAAAATGGTACC C TT TTAGGGGGCATTGCTACCATTAATCC 2820 

F A D K K K K N G T L L G G I A T I N P 

2821 CAGAGAGACCATTATTTTAACTGATGCGGCGGAATGGCCGGAAGAAATTGATATTAAAC G 2880 

R E T I I L T D A A E W P E E I D I K R 

2881 AGC TC AGGAAGCCAAAGAACC~AC TTAAC~ATTCATGATC~TAAATTCGATAC CGC 2940 

A Q E A K E R A L K R I H D D K F D T A 

2941 TCGGGCACGGGCAGCACTC43AAAGAGCAATTGC TCGGATCAAC TCAAAAGAAAATGTATA 3000 

R A R A A L E R A I A R I N S K E N V 

3001 ATTAA~GAAAGTCAGGATGC TAC TTAGAATGC TGGC TTTC TTTTTTTTC TCCC GG >>>>>>>>>>>>>>>>>>>>>> <<<<<<<<<<<<<<<<<<<< 3060 

3061 GC;~GT~---~-----~GCAAGTTTTTCTGTG~--~----~TATGTT~AATAATAGGGACATTG 3120 

3121 TGTATCAACAAAGGAATGATAATCGTTTATAATGTAA~AGCAATAGAACGC GAACGACC A 3180 

3181 ~ c ~ A ~ 7 2 ~  92o3 
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1 MA--ENVQDIKPRIKSVNSTMQITHAMELVASAKLRKSRELAEGRRPYFEAMIES 

1 ---MAAGKEIKSRISSVQSTRQITKAMEIVSSTKFKKFQALVNQSKPYSGSMDKV 

1 ---MAGAKDIRSKIASVQNTQKITKAMEMVAASKMRKSQDRMAASRPYAETMRKV 

1 ---MAGAKEIRNKIGSVKSTQKITKAMEMVAASKMRRSQDAMEASRPYAETMRKV 

1 MKPLASLRDI KTRINATKKTSQ ITKAMEMVLTSKLNRAEKRE- IVRPYMEKIQEV 

1 ---MASLRDIQTRITSTKKTSQITKAMEMVSAAKLNRAEQNAKSFVPYMEKIQEV 

1 .... ANLRELRDRIGSVKNTQK I TEAMKLVAAAKVRRAQEAVVNGRPF S ETLVEV 

1 ---MPNLKSIRDRIQSVKNTKKITEAMRLVAAARVRRAQEQVIATRPFADRLAQV 
. * ** ** * * 

54 IGRIVEKSGNARNIF--MDQREVKKTAYIIITGDKGLAGGYNVNVAKLVEEHITD 

53 LANLAAGIKNERHPL-FDGKTEVKRIGIIVMTSDRGLCC-GFNSSTLKEMEKLIVA 

53 IGHLAHGNLEYKHPY-LEDR-DVKRVGYLWSTDRGLCGGLNINLFKKLLAEMKT 

53 IGHVANANLEYRHPY-LEER-EAKRVGYIIVSTDRGLCGGLNINVWTDKGVQCDL 

55 VANV AAR -ASH PM - LVSRP -VKKTGYLVI TSDRGLAGAYNSNVFKKAVTDMQT 

53 VS SVAI~SRGASH PM - LTARS -VKKTGY IVI TSDRGLAGAYNSNI LRKVSQAI EE 

52 LYIqMNEQLQTEDVDVP LTK I RTVKKVALMVVTGDRGLCGGFNNMLLKKAESR IAE 

53 LYGLQTRLRFEDVDLPLLKKREVKSVGLLVISGDRGLCGGYNTNVIRRAENRAKE 
. * ** * * 

107 KENA .... VLFTVGSRGRDHF-RNREYHIQGEYLGISERPNFFNAKEVTAIVMEG 

106 NPDK--EVSVIAIGKKGRDYC-KKKDRDLKAEYIQLIPETMFDKAKEISENIVEY 

106 WTDKGVQCDLAMIGSKGVSFF-NSVGGNVVAQVTGMGDNPSLSELIGPVKVMLQA 

106 WREKGAEIELAWGSKATAFF-KHGGAKVAAQVSGLGDNPSLEDLIGSVGVMLKK 

107 RHASPDEYAIIVIGRVGLSFF-RKRNMPVILDITRLPDQPSFADIKEIARKTVGL 

106 RHQSPDEYGVIAIGRVGRDFF-VKRGIPVLLEITGLADQPAFADIQGIASQTVQM 

107 LKKLGVDYTIISIGKKGNTYFIRRPEIPVDRYFDG-TNLPTAKEAQAIADDVFSL 

108 LKAEGLDYTFVIVGRKAEQYF-RRREQPIDASYTGLEQIPTADEANKIADELLSL 

157 FKNGEYDEVYIAYTKFVSTITQHAQMMKLLPLSREEI [TSG~TEETKEEKSK 

158 FYEDIFDEVYLIYNEFISALSTELIVKKLLPIERIE% .................. 

160 YDEGRLDKLYIVSNKFINTMSQVPTISQLLPLPASDI .................. 

160 YDEGELDRLYVVFNKFVNTMVQQPTIDQLLPLPKSD~ .................. 

161 FADGTFDELYMYYNHYVSAIQQEVTERKLLPLTDLAI .................. 

160 FADGTFDELYLYYNHFINTISQEVTEKKLLPLTDLQ| .................. 

161 FVSEEVDKVEMLYTKFVSLVKSDPVIHTLLPLSPKGE[CDINGKCVDAAEDELFR 

162 FLSEKVDRIELVYTRFVSLVSSRPVIQTLLPLDTQG ......... LEAADDEIFR 

212 MSDRE--LTI ............... MTYEPEPEELLKYLIPNLVSSTVYGSMIES 

196 ........... QDN-TT .... Y .... IFEPSVEDI~SSLLPKYLNIQLYQAILEN 

197 ........... DDL-KHKSWDY .... LYEPDPKALLDTLLRRYVESQVYQGVVEN 

197 ........... EEMQREHSWDY .... IYEPEPKPLLDTLLVRYVESQVYQGVVEN 

198 ........... NKQRTV .... Y .... EFEPSQEEILDVLLPQYAESLIYGALLDA 

197 ........... SGKLVG .... Y .... EFEPSQEEILEVLLPQYAESLIYGGLLDG 

216 LTTKEGKLTVERDMIKTETPAFSPILEFEQDPAQILDALLPLYLNSQILRALQES 

208 LTTR~QFQVERQ~SQ~PLP~SIFEQDPVQILDSLLPLYLSNQLL~LQES 
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Awo 250 AASEQGARRTAMESATTNANEMIDGLTLQYNRVRQAPITQEISEIVGGAE--D 300 

Pmo 231 TASEHSARKNAMKNATDNAEDMIKDLTLQYNRERQAAITQEISEIVSGASAL- 282 

Eco 235 LASEQAARMVAMKAATDNGGSLIKELQLVYNKARQASITQELTEIVSGAAAV- 287 

Val 236 LACEQAARMIAMKAATDNATNLIDDLELVYNKARQAAITQELSEIVGGAAAV- 288 

Ps3 233 KASEHAARMTAMKNATDNANELIRTLTLSYNRARQAAITQEITEIVAGANALQ 286 

Brae 232 KASEHAARMTAMKSATDNAKDLINNLTLSYNRARQAAITQEITEIVGGAAALE 285 

Sol 270 LASELAARMTAMSNATDNANELKKTLSINYNRARQAKITGEILEIVAGANACV 323 

Sec 262 AASELAARMTAMSNASENAGELIKSLSLSYNKARQAAITQELLEVVGGAEALT 315 
. • .** ** *. *. * ** *** ** ,. *.*.** 

Fig. 3. Alignment of the deduced amino acid sequence of uncG with uncG from P. modestum (Pmo) [13], E. coli (Eco) [14], Vibrio alginolyticus (Val) 
[15], thermolphilic bacterium PS3 (PS3) [16], Bacillus megaterium (Brae) [17], Spinach chloroplasts [9] and Synechocystis 6803 [11]. Residues identical 
and homologous are indicated by asteriks and points, respectively. The region responsible for thiol modulation in CF1F o is boxed. Important residues in 
this region are highlighted. 

Fig. 2. Nucleotide sequence of the 3' end of the unc operon of A. woodii and deduced amino acid sequence of subunit 7, /3 and ~. Only basepalrs 1-3203 
of the EcoRI fragment are shown. The sequence of both strands was obtained by primer walking. Shine-Dalgamo sequences are underlined, promotor 
structures are boxed and stem-loop structures are marked by arrows. The sequence has been submitted to Genbank (accession number U10505). 
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hybridized with the homologous probe. Therefore, ge- 
nomic DNA of A. woodii was restricted with EcoRI and 
size-fractionated by sucrose density centrifugation. Frag- 
ments ranging from 3 to 6 kbp were cloned into the EcoRI 
site of  pUC18 and transformed into E. coli D H 5 a ,  and 
transformants were subjected to colony hybridization. One 
clone contained a plasmid with a 4.5 kbp EcoRI insert 
which in Southern blots hybridized with the probe. This 
plasmid was named pAF1 (Fig. 1). 

The nucleotide sequence (4514 bp) of  the EcoRI frag- 
ment in pAF1 was completely determined and the se- 
quence relevant to the ATPase is shown in Fig. 2. Genes 
were identified by data bank searches which revealed that 
the fragment contained, in that order, the C-terminus of 
subunit a (uncA) as well as the complete coding sequence 
for the subunit y (uncG), /3 (uncD) and ~ (uncC) homo- 
logue of  F1Fo-ATPases. The coding sequence for each 
gene starts with the initiation codon ATG, except for the 
gene coding for subunit y which uses GTG as the initia- 
tion codon. Each of  these codons is preceded by a Shine- 
Dalgarno sequence [6]. Three basepairs downstream of the 
stop codon of  uncC is an inverted repeat which most 
likely functions a transcriptional terminator. Downstream 
of the inverted repeat is a sequence resembling the - 3 5  
and - 1 0  region, respectively, of  a prokaryotic promoter 
which is followed by a Shine-Dalgarno sequence preced- 
ing ORF1 (of which only the start codon is shown in Fig. 
2). ORF1 is 392 bp long and the deduced amino acid 
sequence has 53% sequence homology to the GDP-man- 
nose-dehydrogenase (encoded for by algD) from Pseu- 
domonas aeruginosa (sequence identity 29%) [7]. 

The deduced amino acid sequences were compared to 
subunits of  F1F0-ATPases using the programm BESTFIT 
[8]. These comparisons revealed that subunit y of  A. 
woodii has 31 and 40% sequence identity to subunit y 
from E. coli and P. modestum, respectively, subunit /3 65 
and 68% sequence identity to subunit /3 from E. coli and 
P. modestum, respectively, and subunit e 33 and 32% 
sequence identity to subunit ~ from E. coli and P. 
modestum. These data clearly assign the cloned genes  as 
coding sequence for subunits of  a F1F0-ATPase. A multi- 
ple alignment of  the respective sequences did not reveal 
any significant differences between Na ÷ and H+-trans - 
locating enzymes. However, alignment of the y subunits 
(Fig. 3) revealed the presence in A. woodii of a region 
otherwise present only in photosynthetic organisms and 
which is known to be responsible for "thiol modulation" 
in chloroplast F1Fo-ATPase (CF1F 0) [9,10]. Cys-199 and 
Cys-205 in CFxF 0 are known to form a disulfide bridge in 
the dark which gives rise to an inactive enzyme; activation 
can be brought about by a ferredoxin-dependent reduction 
of  the disulfide bond in the light. Artificially, activation 
can be achieved by trypsin cleavage at Lys-204 (site I) and 
Arg-215 (site II). In cyanobacteria, the region including 
the two cysteines and site I is not maintained but, site II is. 
The enzyme therefore corresponds to the reduced form of 

Table 1 
Comparison of N-terminal amino acid sequences of subunits of the 
Na+-ATPase from A. woodii with those deduced from cloned genes 

b Subunits a, gene products N-terminal sequences 

35kDasubunit (A) E N V Q D (I) (K) 
Subunit y, deduced M A E N V Q D I K 

52kDa subunit X Q N I X K V V 
Subunit/3, deduced M A Q N I G K V V 

16kDasubunit X (E) (T) - R L K I 
Subunit e, deduced M A E T F R L K I 

a The experimentally derived N-termini of the subunits are from Ref. [2]. 
b X, no unequivocal signal was obtained; () ,  other amino acids were 
detected in minor amounts, -, no amino acid detected. 

CFIF0, but maintenance of  site II is sufficient to retain 
trypsin activation [11,12]. Interestingly, this regulatory re- 
gion in its full extent is also present in A. woodii; the 
cysteine residues are not conserved, but the potential trypsin 
cleavage sites I and II are conserved. However, ATPase 
activity as catalyzed by the enzyme from A. woodii is not 
latent, but in light of  this comparison it would be worth- 
while studying the effect of trypsin on the ATPase from 
A. woodii. 

The identities of  the genes are confirmed by a compari- 
son of  the deduced with the experimentally derived N- 
termini. The deduced N-termini of  subunits y,  /3 and • 
are identical to the experimentally derived N-termini of the 
35, 52 and 16 kDa subunit of  the Na÷-ATPase of A. 
woodii, respectively (Table 1) and the deduced molecular 
masses of  subunit y (33.8 kDa), /3 (51 kDa) and • (17.5) 
correspond well to the experimentally derived values for 
the subunits of  the purified protein. Interestingly, the N- 
formylmethionine has been cleaved off the polypeptides in 
all cases. 

From the data reported in this communication it is now 
evident that the Na+-ATPase of  A. woodii is of  the 
F1F0-type. The 52 kDa subunit corresponds to subunit /3, 
the 35 kDa subunit to subunit y and the 16 kDa subunit to 
subunit e. So far, the organization of  the genes (Fig. 1) is 
identical to the unc operon of  E. coli but the unravelling 
of  the complete subunit structure of this Na+-ATPase has 
to await the cloning and sequencing of  the entire operon 
which is now under way in our laboratory. 

This work was supported by a grant from the Deutsche 
Forschungsgemeinschaft. We are indebted to Prof. G. 
Gottschalk for generous support and to Dr. W. Ludwig, 
Miinchen, for helpful advice and for his generous gift of  
the uncD probe from E. coli. 
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