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Abstract 

The genes encoding subunits A and B of V-ATPase in Qvanidium caldarium were cloned and sequenced. While the gene encoding 
subunit A is not interrupted by introns, the gene encoding subunit B contains seven introns ranging from 36 to 60 nucleotides. 
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1. Introduct ion 

Numerous organelles of  the vacuolar system of eukary- 
otic cells are energized by V-ATPases and each organelle 
has a specific requirement for its internal pH and mem- 
brane potential [1-5]. Thus endosomes operate with smaller 
ApH than the vacuoles or lysosomes, and therefore their 
V-ATPase has to be regulated in order to obtain the 
required protonmotive force for each of  the organelles. 
These special requirements may be fulfilled by secondary 
transport systems such as chloride carriers and regulation 
of  the V-ATPase activity. The internal pH of organelles of  
the vacuolar system is also variable and tightly regulated. 
While yeast vacuoles maintain an internal pH of about 5.5 
units, it is assumed that the vacuoles of  lemon fruit may 
have a pH as low as 2 units [6]. Similarly, some brown and 
red alga maintain very low pH in their vacuolar system. 
Further evidence that the V-ATPase is regulated in plants 
is provided by the fact that the vacuolar pH can vary in 
different tissues of the same plant and in the same cell 
during the course of  development or in response to chang- 
ing environmental  conditions. Crassulacean Acid 
Metabolism (CAM) plants are the classic example of  
vacuolar pH regulation. The pH of their leaf vacuoles 
fluctuate from pH 3 at night to pH 6 in the day [7]. During 
the maturation of  citrus lemon fruit the vacuolar pH of  the 
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juice sac cells declines from 5.5 to about 2. This may 
suggest that in the mature lemon fruit V-ATPase functions 
at a thermodynamic equilibrium. In most cases V-ATPase 
operates below thermodynamic equilibrium and it was 
proposed that a proton slip is one of the main factors in 
maintaining smaller ApH in different organelles of the 
vacuolar system [8]. We elected to utilize the thermophylic 
and acidophylic unicellular red alga Cvanidium caldarium 
to investigate the underlying mechanism of maintaining 
relatively low internal pH in their vacuole. The red alga 
Cyanidium caldarium grows in a medium with a pH of 2.5 
to 2.7. We assume that the pH of its vacuoles may be 
lower than the external medium. If this is the case, cloning 
and sequencing of  V-ATPase subunits may reveal the clue 
for regulating the internal pH of  organelles of  the vacuolar 
system. Here we describe the cloning of  two genes encod- 
ing V-ATPase subunits, subunit A and subunit B from 
Cyanidium caldarium. 

Cyanidium caldarium was routinely grown in a 12 1 
glass flask under constant illumination and aeration at a 
temperature of about 42 ° C. The composition of  the medium 
was: (NH4)2SO 4, 1 g / l :  K2HPO 4, 20 rag/ l ;  MgSO 4 7 
H 2 0 ,  20 rag / l ;  micronutrient solution for BG-I 1 medium 
[23], 1 ml/1; yeast extract, 0.1% (w/v ) ;  glucose 0.2% 
(w/v ) ;  pH 2.7. Cells were harvested by centrifugation, 
washed twice with STN-buffer (330 mM sorbitol, 30 mM 
Tricine, 3 mM EDTA (pH 7.5)), redissolved in STN-buffer 
and stored frozen at - 2 0  ° C. 

DNA of Cyanidium caldarium was prepared according 
to a published method of Phenol /SDS that was developed 
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1 GGATCCTATCCATACTGTCCAGTTTTCC~TCACACTGGATATTTAGGTGGCTTTCGTGG 60 
61 AAAGAGACTGAGCAGTGAAGAGTTTGATC~CTCATTGCTGGTTTAGAGGCC~CTGTTT 120 

121 GTTGC~C~GTGT~GTATCATTGATGG~GTAGGTCAGCGGTGTTTTGACGACGCATA 180 
181 GGGATTATGTCTTGATGGGATATATAGGTGACCATGATTTGCTACTTCATATATTGGAAG 240 
241 CCGTCAAAAAACTC~GA~CCC~TCTTGTCTTTGTATGTGATCCCGTAATGGTAGGTA 300 
301 CTGCTATGGATGGAAT~TATATAGTCCTTAGTTGGGTGTGTCATAGGGCGATAATGGGA 360 
361 ~TTGTATGTTCCTCC~GTCTCGTTCCTATTTATCGAGACC~GT~TTATGCTTGCCG 420 
421 ATATTATAACACCG~TCAGTTCGAGTTGTCCATCCTATCCGAG~AGCTGTGGGTTCCG 480 
481 TTACAGAGGCATTCCAAGCTTGTAGATATTTACATG~TATCGA~AGTACAGAATATTG 540 
541 TAGTTACTAGTGGAGAATACG~GATATGGATTCTTTTGTGATACTGATAAGTAGTGACT 600 
601 TTGGTAACCA~TATATTCAGACAGTAGAG~GATACAAGGTAGTTTCACGGGAGCTG 660 
661 GTGACTTGAGTAGTGCTCTTATTCTTGGCTGGTATGTTATTTTG~AGGTGATATTGTAG 720 
721 CTGCTTGTGA~GAGC~TGGC~GTGTTCACCGTACTTTGGTACATACGGCAGCCGTAC 780 
781 ~TCGCCGCC~CTCGGTGGTGGG~TTGG~TTGATTGGCAGTCAACTTTGGTTGAGGA 840 
841 ATCCTCCGTTAGGCATCGTG~GACTCGTGCGATTACACTAC~GATGAC~CAGTTCGA 900 

M T T V R  
901 GTC~CGG~TG~AAACGG~T~TTA~AGTATCCGGTCCTGTCGTTTCCGCAG~ 960 

V N G M K N G I I K K V S G P V V S A E  
961 ~TATGGACGGTGCTGCAATGTATGAACTCGTTCGTGTAGGA~CG~CAACTGGTGGGT 1020 

N M D G A A M Y E L V R V G N E Q L V G  
1021 GA~TCATCCGTTTGGAGGGTTCCGTTGCGAC~TTCAAGTGTACG~GA~CTTCAGGA 1080 

E I I R L E G S V A T I Q V Y E E T S G  
1081 TT~CTATAGGTGACCCAGTATTGTGTACTGGATCGCCACTATCCGTAGAATTGGGACCA 1140 

L T I G D P V L C T G S P L S V E L G P  
1141 GGCTTGATGGGAAATATTTTCGACGGCATACA~GACCACTCGAGA~ATTGCGGA~GA 1200 

G L M G N I F D G I Q R P L E K I A E R  
1201 AGCAACTCTGTGTTTATACC~GAGGAGTA~CGTTCCGGCTTTAGATAG~AG~AGTA 1260 

S N S V F I P R G V N V P A L D R K K V  
1261 TGGGAGTTTAGACCTGCAGACAACCT~GTAGGAGACCCGAT~CTGCTGGAGATATA 1320 

W E F R P A D N L K V G D P I T A G D I  
1321 TACGGCATCGTTCCTG~ACACCTCT~TAGACCAC~GATTATGTTACCGCCA~CC~ 1380 

Y G I V P E T P L I D H K I M L P P N Q  
1381 ATGGGAAAGATAGTGTTTCTAGCGCCACCTGGAGACTATACTTTGG~GATACTGTTTTG 1440 

M G K I V F L A P P G D Y T L E D T V L  
1441 GA~TAGACTTC~TGGACA~AG~AAAGTTCTCCATGGTACATCAGTGGCCAGT~GA 1500 

E I D F N G Q K K K F S M V H Q W P V R  
1501 CTTCCTAGACCAGTGACAGA~CTTCGGGCAGAT~ACCACTTTT~CCGGTCA~GG 1560 

L P R P V T E K L R A D K P L L T G Q R  
1561 GTATTGGACGCTCTCTTCCCTTCGGTAC~GGAGGAACTTGTGCTATACCAGGTGCTTTT 1620 

V L D A L F P S V Q G G T C A I P G A F  
1621 GGTTGTGG~AGACAGTTATCTCACAAGCACTGAGT~ATTTTC~ACTCAGATGG~TA 1680 

G C G K T V I S Q A L S K F S N S D G I  
1681 GTTTATGTCGGTTGTGGGGA~GAGGCAATGA~TGGCAG~GTATTG~GGACTTTCCG 1740 

V Y V G C G E R G N E M A E V L K D F P  
1741 GAACT~CCATGACAGTGGGAGATAGAG~GA~GTATCATG~GAACTCTTCTGGTA 1800 

E L T M T V G D R E E S I M K R T L L V  
1801 GC~ATACTTCC~TATGCCTGTGGCTGCTAGAG~GCTTCCATTTATACCGGAATTACT 1860 

A N T S N M P V A A R E A S I Y T G I T  
1861 GTCTCGGAATATTACAGAGATATGGGTTTA~TATAAGTATGATGGCCGACTCTACTTCC 1920 

V S E ~ Y Y R D M G L N I S M M A D S T S  
1921 AGATGGGCAG~GCCTTGAGAG~AT~GTGG~GACTGGCGGA~TGCCGGCAGATAGT 1980 

R W A E A L R E I S G R L A E M P A D S  
1981 GGTTATCCTGCATATTTGGCAGCTAGATTGGC~GTTTTTATGAGAGAGCTGGT~GGTA 2040 

G Y P A Y L A A R L A S F Y E R A G K V  
2041 TCTTGTTTAGGCTCCCCT~TAGACAAGGTTCTATTACTATTGTGGGAGCTGTATCACCA 2100 

S C L G S P N R Q G S I T I V G A V S P  
2101 CCAGGTGGTGACTTTTCAGATCCTGTTACGTCAGCCACCCTTGG~TCGTTC~GTCTTT 2160 

P G G D F S D P V T S A T L G I V Q V F  
2161 TGGGGTTTGGAT~GA~CTGGCTCAACGA~GCATTTTCCTTCGGTC~TTGGCTCATC 2220 

W G L D K K L A Q R K H F P S V N W L I  
2221 TCCTATTCCAAGTACATG~GGCATTGGAGCCGTATTACG~GAACGGTTCCCGGAATTT 2280 

S Y S K Y M K A L E P Y Y E E R F P E F  
2281 CT~ACTATC~CA~AGGCTAGAGA~TTCTTC~ACAGAGGATGATCT~TGGA~TA 2340 

L N Y Q Q K A R E I L Q T E D D L M E I  
2341 GTAC~CTAGTAGGGAAGGACTCGCTGGCAGA~ACGATAAGATTACGCTGG~GTTGCA 2400 

V Q L V G K D S L A E N D K I T L E V A  
2401 ~TGATACGTGAAGACTTTCTTGCGCAAAATTCGTTTACTGAATATGACCGATTCTGT 2460 

K M I R E D F L A Q N S F T E Y D R F C  
2461 CCATTTTACAAGAGCGTTCTCATGTTGCGC~TATGATTCATTTTTATGAGTTGGC~AT 2520 

P F Y K S V L M L R N M I H F Y E L A N  
2521 ~GGCAGTTG~GGATCCGGTGAGCAACATCT~CATTGGCGCAGATA~GG~CA~TG 2580 

K A V E G S G E Q H L T L A Q I K E Q M  
2581 GGTGAAACCATCTACAAGATATCTGGTATG~GTTTTTGGATCCTGCACAAGGTTGGTCT 2640 

G E T I Y K I S G M K F L D P A Q G W S  
2641 CTTTTTTG~CATTGCACTGGGTTTATATTACTGGGTTGTTAGGTG~GATGCTTTGAGA 2700 

L F * 
2701 AGT~GCTCGATGCACTGTACTCGCAGATAACAGACGGCTTTTACA~ATGGAG~TAGT 2760 
2761 CTATGACATT~GG~AC~GTATAT~AGATGTTCGCAGTG~TATTTAGTTGCGTTGT 2820 
2821 TTGTCG~CAGTCTTTGGTATACTTCAC~AAAAGCCTTTATCGTAATAC~CGGC~ 2880 
2881 CACTCAAAACGGGTAG~GCACAG~GATATCTC~CG~TTGCGCCA~TCATCTCCGT 2940 
2941 CCACTTTTTTCAAAATTTTTTTCGTCTTTTTTTTTTGGCGCC~CTTTTGGGATTTTGGC 3000 
3001 GCCTTCACTTTTCCGTAC~TTTTTCTATTCTTGTAGG~GGATGACAGAGTGGGA 3060 
3061 TGCTCAACCAGTGTATTACGGTGCTCCAACCTTTCAGAAT~TG~AGGAATAT~ATGA 3120 
3121 ACTGTC~GATTCGCAGC~GA~TTTAGAGAGTTCTTCTTGCACTACACTTCCAG 3180 
3181 TG~TCATGTTTCAAGTATAGAGAGAAGCTT 3211 

Fig. 1. Nucleotide and deduced amino acid sequences of the gene encoding subunit A of V-ATPase ~om Cyanidium cal~rium. GenBank accession 

number UI7100. 
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1 TCTAGAAAC GA~ CGACCTTTTTCTTTTCCCAC6 TGTTT£ TCACTGGTTGTTCCC~GC~ TA 60 
61 TCAGGATGCAACTGTTTGACAAGCAACAAATATCTTTGCTAAAACAGGCAAAAGAGTTGG 120 

121 CACATGGATATACTGT GTAACAGAAACCACGTATAC CTTTAC T TGT TCAAAAGAAGCACA 180 
181 GGACTCCAAGTCCAGAACTGAAAAAGGGTCTCTTTTCTGACCATGCAACAATCTTTTAGA 240 
241 ACAATTATGGAAACAAATATTTACAGGACCAAGTATTGACTTGGAAAGAAATTGTTTGCT 300 
301 ACTTGCAAATAGCATTCTTCAGCGAAAGACTGCAGCAACTGTGGAATTTTGGTTGGAACG 360 
361 AGCGAGCTGCTGCTTGTGGATGTCCGCATTCTTCATCACATCATCCATAGGAAGAGTAGT 420 
421 TTCGATTCTTTTATAGATTTTACAATAGTATTTGTATACTATCAGGCATGTTTTGGATCT 480 
481 CTTTTGCATTACACACACACAATCTCTCCATATATATATGTATATATATGTATGTCTGTA 540 
541 GATGTATATATATGTACAATCGAATCATTTCAACGAATTTGGCTCTTTTCCACATTGTGC 600 
601 TCTTGTGCATTTTATTGGATTGCGGCTTGTTGGCGCCTTTTCTTTGGCTTCCTGACAGAG 660 
661 CAACGGAAAGAAGC TATT CAC TTATGGC TAGT CGTAAGTATAGAATAATT GAAAAACGGA 720 
721 CTACTATTGGTGCTAACAAAGTAAATAGCAGAGTCACAGCTTATAGACCATATGGAGGCT 780 

M E A 
781 TTCAACTTGCACAAGgtaagaagaaacagaagcct cgt tgcgcaacaaccaaacacaggg 840 

F N L H K 
841 t t agAAAGCAGTATCAAGAGATTACATTGTGAAGCCTAGACTCGAATATAGAACTGTATC 900 

K A V S R D Y I v K P R L E Y R T V S 
901 AGCTGTAAACGGTCCTTTAATTATCCTGCAGAACGTCAAGTCACCAAGATTCGCAGAAAT 960 

A V N G P L I I L Q N V K S P R F A E I 
961 AGTAAACGTAACGCTGGGGGATGGAAGTGTGAGAAGGGGCCAAGTGTTGGAAATCAACCA 1020 

V N V T L G D G S V R R G Q V L E I N Q 
1021 AGACAAAGCTGTGGTGCAAgt gagt at ct at t t cgaggagt gt t t c at agct tagt ct t c 1080 

D K A V V Q 
1081 gt gaaagATTTTTGAAGGGACAACAGGCATCGATAATAAGAAAACCGTTTGTCAGTTTAC 1140 

I F E G T T G I D N K K T V C ~ F T 
1141 TGGAGAAATATTAAAAACACCAGTATCGTTGGATATGTTGGGTAGAGTATTCAACGGGTC 1200 

G E I L K T P V S L D M L G R V F N G S 
1201 TGGAAAGCCAATCGACGGTGGTCCTCCTATCCTGCCTGAAGCATATTTAGATATTCAGgt 1260 

G K P I D G G P P I L P E A Y L D I Q 
1261 aagtagtagcgagtgctttcaacaattattgttggaacatacaaactgctcgtatagGGT 1320 

G 
1321 CAGCCTATTAATCCTCAGAGTCGGACCTATCCCGAAGAAATGTTTGAAACAGGTATATCA 1380 

Q P I N P Q S R T Y P E E M F E T G I S 
1381 AGTATTGACGTGATGAACTCTATTGCAAGAGGTCAAAAGATTCCACTCTTTTCTGGAGCA 1440 

S I D v M N S I A R G Q K I P L F S G A 
1441 GGTTTACCACATAATGAAGTGGCTGCACA~TATGTAGACAGGTATGTCTTGTGTCCACT 1500 

G L P H N E V A A Q I C R Q V C L V S T 
1501 TGCAgt tt gt aaact gt ct caat tct at gggaat aggcagCCTTGGTAAAGCGTTCGGGT 1560 

C T L V K R S G 
1561 AAAGATGAAGAAGACTTTGCTATAGTGTTTGCAGCAATGGGTGTCAATATGGAAACTGCA 1620 

K D E E D F A I V F A A M G V N M E T A 
1621 CGATTCTTCAGACAAGACTTTGAAGAGAATGGTGCAATGGAACGAGTAACTTTATTCTTG 1680 

R F F R Q D F E E N G A M E R V T L F L 
1681 AATTTGGCAAACGACCCGACTATTGAACGTATTATTACTCCTCGTTTGGCACTGACTTTT 1740 

N L A N D P T I E R I I T P R L A L T F 
1741 GCAGAATATCTTGCTTAT GAAAAGGGAAAACATGTATTGGTTAT CTTGACAGATATGAGT 1800 

A E Y L A Y E K G K H V L V I L T D M S 
1801 GCCTATGCAGATGCTTTGCGTGAAGTTTCTGCTGCACGTGAAGAGgttggattattttgt 1860 

A Y A D A L R E V S A A R E E 
1861 ggttgggttgcgtatatgcttcttattattattattgtcctgtagGTACCAGGAAGAAGA 1920 

V P G R R 
1921 GGCTATCCTGGTTATATGTACACGGATTTGGCAACCATTTATGAGAGAGCTGGTCGAGTG 1980 

G Y P G Y M Y T D L A T I Y E R A G R V 
1981 GAAGGACGCCCTGGTTCCATTACTCAGTTGCCGATATTAACGATGCCAAATGACGATATT 2040 

E G R P G S I T Q L P I L T M P N D D I 
2041 ACGCATCCTATTCCGGATCTTACTGGgt aat agggagaat at tt gaat t t t gccgact aa 2100 

T H P I P D L T G 
2101 cacgta gct ctagATATATCACCGAGGAACAAATTTACTTGGATCGACAGTTACATAATA 2160 

Y I T E E Q I Y L D R Q L H N R 
2161 GACAGATATATCCCCCCATCAATGTGCTTCCTTCACTATCTCGACTTATGAAGTCCGCTA 2220 

Q I Y P P I N V L P S L S R L M K S A I 
2221 TTGGCGAAGGAATGACCAGAAAGGAT CATTCGGATGTATCCAATCAATTGTATGCTGCTT 2280 

G E G M T R K D H S D V, S N Q L Y A A Y 

2281 ATGCTATGGGAAAAGATGCCTTGGCTATGCGTGCAGTAGTTGGTGTGGAAGCTTTGTCCC 2340 
A M G K D A L A M R A V V G V E A L S Q 

2341 AGGAAGACTTGCTTTATTTGGAATTTCATGACAAgt aagt gc ct ggact at c t c at gc cg 2400 
E D L L Y L E F H D K 

2401 tgttttcatgattattgtagGTTTGAGAGGCGTTTTGT6AATCAAGGAGCCTATGAAAGA 2460 
F E R R F V N Q G A Y E R 

2461 AGAGATATATATACTTCGTTAGATATGGCGTGGGATTTGTTGCGAATATTTCCGGTGCAG 2520 
R D I Y T S L D M A W D L L R I F P V Q 

2521 ATGTTGCGTCGTATTCCTGAGAAA'ATACTGCAAGAATATTATCATCGGACGAGTAATTAT 2580 
M L R R I P E K I L Q E Y Y H R T S N Y 

2581 GAACACAAGGAGAACAAGCCGC~TTCGAGTCGTTCGTGAATTCATTTTGTTGGTATACCT 2640 
E H K E N K P H S S R S * 

2641 TCATAGTTTTCTTGATGTTAGTAGTTTTTCTTATCTAAGAAAGCATAAAAAAATGATTTC 2700 
2701 CTAGACTCCGAGAGAGCTACTAGAAGGCTTTGATCTAGGCCATCAAACACAGTTGTAATA 2760 
2761 GTTGTATATGTCGTATTACAACTATAATAATAATGGCCCTTGCACGGCGTTGTACCGACA 2820 
2821 ACAACAACAACAACAATAAAAACACACAGCACTGGTTGTCCACAGATACTTTATCTATAT 2880 
2881 TCTTATGCTATCCAACTCGACTCTTCTTGTGCTGGTTGTGGTTTGTCTTCATAGAGAGCA 2940 
2941 GCAACTGACCGACGAAGCTCGAAAACGGCCATTAAAGAATTTTGTTTCATCTCTCGCAGT 3000 
3001 GCAACACCGACAATATGGTCAACGCTTGGATGGGAGCTGCACTAGGCTTAGCAGCACAAC 3060 
3061 TGCTTACCAACGGTTCAAGACTACTTCCCCTTTCTCGGCGTGAGTTGCCTGTTCTTAGAC 3120 
3121 AATCGCTTTGGTTGAAACCTGTTTGGTTTTTCTAGGTCCTTGGGAACACTTGGCTGCGAT 3180 
3181 GGCACTCGGTGCTTACATCGGCAAAATATGGGGAGAATACCAACATGACAAGATTGAAAG 3240 
3241 AAAGGAGTATCGTATGAAGAGAGATCTTGAACGTGCAAGAAGAGAAAATCAAATGCGCCT 3300 
3301 TGAACAAGTTGCAGCAGAGAACGGAGCTTGAGGAGTTG TGTATGTATGAAAACAAGCCTC 3360 
3361 GTGAACCAACAACTTGTCGTGGGTATATTTTATATATT GATATCAATAATAAACACACAA 3420 
3421 CTTGGGTGTACTTTCCAAGGCAACAACGATTCATCTTCCTTTCTACTATTAT TATT ATTA 3480 
3481 TGTCAACTACACAAATTGTGTACAGATAAC TGATTC CTTGTATTCCCCATAACC CACT GT 3540 
3541 TCTCCGACAGAAACAATAGCAACCCGAATAGTTGACGTTGTATTCACT TCTT GGTTTTGC 3600 
3601 TCCGCGGAGATATGCCAAACACATGAACTAGGAATGCTATCTTGAAATCCCCAAGTACTC 3660 
3661 GTACGAGTTTCCAATATGGGACAGAATGAACCATCTCCATGACTTT TCCT AC TGCTGCAT 3720 
3721 GTAGAAG AATCCGTGGTAGCACTCTTGCTCTGTCGTCTTTGATCATATCTAGA 3773 

Fig. 2. Nucleot ide  and  deduced  amino  acid sequences  of  the gene encod ing  subunit  B o f  V-ATPase  f rom Cyanidium caldarium. G e n B a n k  access ion 

number  U17101.  
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for preparation of plant DNA [9]. All the DNA libraries 
were constructed in the same way: Cyanidium caldarium 
DNA was digested completely with restriction enzyme, 
fragments of appropriate size were isolated and cloned into 
the respective restriction site of plasmid pBluescript II 
SK + .  The resulting constructs were used for transforma- 
tion of competent E. coli strain DH5c~, ampicillin resistant 
cells were recovered. Screening of the libraries was carried 
out with 3z P-labeled probes by repeated colony screening 
and subsequently by dot blot analysis [10]. Labeling of the 
probes was performed by Random priming with Klenow- 
Polymerase. 

For sequencing the cloned fragments, overlapping dele- 
tions were generated by the method of Henikoff by unidi- 
rectional digestion with exonuclease III [11]. The resulting 
sets of truncated DNA and the original fragments were 
sequenced with T 3 and T 7 promoter primers. Second DNA 
strand was sequenced using internal primers. 

Screening for  the gene of  subunit A 
A DNA library was constructed from BamHI-DNA 

fragments of 1.5 to 10 kb clone into BamHI site in 
pBluescript SK + .  The resulting library consisted of about 
20000 independent colonies. Screening for the gene en- 
coding subunit A was performed by using a 0.8 kb cDNA 
fragment from bovine adrenal medulla together with a 0.65 
kb fragment of the corresponding yeast gene. About 70 000 
colonies of the Cyanidium library were screened and the 
positive colonies were analyzed by dot blot. Four clones 
giving strong signals with both probes were obtained. All 
of them contained the same insert of 2538 bp (nucleotides 
1 to 2538 of the sequence). Sequencing showed that the 
DNA fragment is missing the part of the gene encoding the 
C terminal part of the protein. A partial DNA library of 1.0 
to 1.35 kb HindlII fragments of Cyanidium DNA was 
prepared and screened with a 0.19 kb SpeI /BamHI frag- 
ment of the Cyanidium gene (nucleotides 2346 to 2538 of 
the sequence) as a probe. Three positive clones were 
obtained, all contained the same insert of 1371 nucleotides 
(nucleotides 1840 to 3211 of the sequence). Sequence 
analysis of the BamHI and HindlII DNA fragments 
showed that both overlapped with about 700 bp. The 
alignment of the sequences resulted in the complete se- 
quence of the Cyanidium gene of subunit A. 

1.2. Screening for  the gene of  subunit B 

For isolating the gene encoding subunit B, a 1.1 kb 
bovine cDNA together with a 1.4 kb fragment of the 
corresponding yeast gene were used as probes [20]. About 
120000 colonies of the above Cyanidium library were 
screened with the above labeled DNA fragments and posi- 
tive colonies were analyzed by dot blot hybridization. Four 
clones which gave strong signals with both probes were 
sequenced and showed high homology to genes encoding 
subunit B of V-ATPase from other sources. After XbaI 

digestion, two fragments of about 1.7 and 2.1 kb were 
identified by Southern blots analysis. Both fragments were 
cloned into pBluescript II SK + and sequenced. The anal- 
ysis of the sequences showed that each of the 2 XbaI 
fragments contained a part of the gene and when aligned 
gave the complete sequence of the gene encoding subunit 
B. 

Fig. 1 shows the nucleotide and deduced amino acid 
sequences of the Cyanidium gene encoding subunit A of 
V-ATPase. The deduced amino acid sequence contains 587 
amino acids and it is highly homologous to other amino 
acid sequences of subunit A of V-ATPase from other 
sources. A search in the GenBank revealed that the Cyani- 
dium subunit A is 73% identical to the corresponding 
subunit from bovine [13] and about 70% identical to the 
corresponding subunits from the insect Manduca sexta, the 
fungi Neurospora crassa and Saccharomyces cerevisiae 
or the plant carrot [14-16]. It also exhibited over 50% 
identity with the corresponding subunit A of the enzymes 
from Archaebacteria [17,18]. Its high identity with sub- 
units from mammalian sources vs. those of fungal and 
plant is somewhat surprising. The open reading frame is 
uninterrupted with exons and it has no unusual features. In 
contrast to subunit A, the gene encoding subunit B is 
interrupted by 7 introns (Fig. 2). The size of the intron 
ranges from 36 nucleotides up to 60 nucleotides. After 
computer splicing of the introns the reading frame contains 
500 amino acids. The deduced protein is highly homolo- 
gous to subunit B from other sources. It exhibits nearly 
80% identity with the corresponding V-ATPase subunits 
from bovine, plants and the insect Manduca sexta [19,20]. 
The corresponding subunit of Saccharomyces cerevisiae 
and Neurospora crassa are only about 72% identical to 
the Cyanidium subunit [12,21]. As subunit A, subunit B 
also has over 50% identity with the corresponding subunit 
from archaebacteria [ 18,22]. Table 1 depicts the percentage 
identity of the amino acid sequences of subunits A and B 

Table 1 
Sequence homology of the Cyanidium subunits A and B with correspond- 
ing subunits from various sources 

Source Subunit % Identity Accession Ref. 
number 

Bovine A 73 X58386 [24] 
B 77 M83131 [19] 

Human A 73 L09235 [25] 
B 76 X62949 [26] 

Manduca sexta A 70 $94847 [27] 
B 77 $43760 [28] 

Carrot A 73 J03769 [16] 
A. thaliana B 80 J04185 [20] 
S. cerevisiae A 70 J05409 [14] 

B 72 J04450 [121 
Entamoeba histolytica A 70 U04849 [28] 
Plasmodium A 63 L08200 [29] 
falciparum B 69 U03915 [30] 
Trypanosoma A 68 Z25814 - 
congolense B 71 Z25815 - 
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of  Cyanidium V - A T P a s e  wi th  c o r r e s p o n d i n g  subuni t s  f rom 

o the r  sources .  T h e  p e r c e n t a g e  ident i t ies  sugges t  c lose r  

re la t ion  to m a m m a l i a n  subun i t s  than  to the fungal  ones.  

The  gene  s t ruc ture  e n c o d i n g  subun i t  A and  subun i t  B is 

qui te  in te res t ing .  W h i l e  the  gene  e n c o d i n g  s ubun i t  A has  

no  i n t e r v e n i n g  sequences ,  the  one  e n c o d i n g  subun i t  B 

con t a in s  severa l  o f  them.  B e i n g  u n a w a r e  of  o the r  nuc l ea r  

genes  tha t  were  c l o n e d  and  s e q u e n c e d  f rom Cyanidium 

caldarium, we c a n n o t  k n o w  w h e t h e r  this  is a genera l  

pa t te rn  o f  this  o r g a n i s m  or  if  it is a un ique  s i tua t ion for  the 

V - A T P a s e  subuni t .  A n  a t t empt  to iden t i fy  the  source  of  the 

two genes  evo lu t i ona r y  t rac ing  did  not  g ive  s ign i f i can t  

resul t s  (Li l l  and  Ne l son ,  unpub l i shed) .  Fu r the r  s tudies  on  

the genes  e n c o d i n g  o the r  subun i t s  of  V - A T P a s e  f rom 

Cyanidium caldarium m a y  shed  l ight  on  the  cont ro l  mech -  

a n i s m s  o f  in ternal  pH in the  v a c u o l a r  sys tem.  
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