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Abstract

Using differential hybridization, a cDNA clone was isolated fortuitously from Amaranthus viridis and sequenced.
This nucleotide sequence exhibited 55.1% identity with vma6 which encodes the 36-kD subunit of the vacuolar pro-
ton transporting ATPase in Saccharomyces cerevisiae. The predicted open reading frame encodes a protein of 221 amino
acid sequence with a calculated molecular weight of 25,452 and reveals high levels of similarity with subunit D
polypeptide of vacuolar H™-ATPase(eg., 48.5, 51.2 and 49.3% identity to the vacuolar 36-kD chain of yeast, va-
cuolar 32-kD polypeptide IV of human and vacuolar 28-kD protein of bovine chromaffin granules, respectively). The
hydropathy index computation revealed that this predicted protein is a peripheral protein. These results indicated that
the predicted protein may play a structural role in the vacuolar H"-ATPase as does y subunit in V-type ATPase.
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& K™-ATPase 5°] Qlom, 05L& BF AE4L 711
G718 E 7ML Itk (Serrano ef al, 1986).

HHA] V-type ATPase™ 400~500-kD¢| 27| 717
™ 3709 A 10709] subunito.2 o]FolA gled), o5 7}
&H 67~72-kDs} 55~62-kD polypeptides, 12T 16-
kD proteolipide 3322 Weln, 2&3% 2359 o
F2 H*-ATPaseS 3 529 clathrin-coated vesicle® ch-
romaffin granule®] H™-ATPaseE2 M & HHEEHoZ W
& Vebd i Manolson ef al, 1987). A2 451}
AZFoAX = 6~7709) major subunit® 2~371¢] minor
subunit®2 o]F01Ztiil AR Parry ef al. (1989)
& 67-, 55-, 52-, 44-, 281 32.kD polypeptideE &
Fupgo g £59 HE(F)E, 100-% 16-kD polypep-
tidee 2ol ZY¥ FEF) & FA¥d Bag
21, kane ef al. (1992)& 42-kD polypeptide= %}A]
peripheral subunity$ ¥t}

H 59 SaccharomycesSt Newrospora, “12)1 Arabido-
psis S22 V-type H™-ATPase2 subunitS ZHates &
Azke] gAo] &utstr] o] oA ITHBowman et al,
19955 Graham et al, 1995, 1994 : Jones ef al, 19
94 : Nelson ef al, 1995 : Perera ef al, 1995 ; Supekova
et al, 1995 Xie ef al, 1994). A77} 713 Ho] o] 7o
A yeastd] A4S, B 10749 A7t dAHdeH, &
3] minor subunit polypeptided] W3+ B% 233}7) o
FoIA L Slk. 7)ol AEo)A yeast?] 36-kD polypep-
tide(VMAG) 9} Atgte] 32-kD polypeptide, 123 bo-
vine®] 28-kD subunit D polypeptided] 4F4& 71A&
2l AE 398 cDNA 7ML S dU7)d Rasle
vpoj T},
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Strains and Media

AEANEE YIS Amaranthus viridis) S, E. coli 32
< Stratagene EjAtofl A 7Y% XL1-Blue MRF’2} SOLRS
AH88t5 o, vk Bl X 23= LB(yeast extract 0.5%, try-
pton 1.0%, sodium chloride 1.0%)& o]&3ch ¥4
A¥E #F+ LB ampiciling 50ug/ml $52 H7let
of wjgFatAch
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Isolation of cDNA

H §ollA 723 mRNAZYE Stratagened] Wol o}
2t Uni-ZAP XR cDNA libraryZ #&3 % Hybond-
Nmembraned] &7 heterologous primerE o] &3l
cDNA libraryE screening®t%lth. 2% signald Hol:
phagemid S2& A¥ste E coli XL-1 Blue MRF’ cello}
helper phage$! Exassist® #°] 74%A1# phagemid DNA
o Heh& E coli SOLR strain®l in vivo excisiondt]c}.
DNA %7492 dideoxynucleotide chain termination
method® Z733tH .,

Homology and Hydropathy index search

cDNA E7|M 9245 H deduced amino acid ME& &
Q181 BLAST Zg130 2 u|watith. Hydropathy in-
dex computation® PCGENE Z2 1% & o| &3¢t}

Znt 9 o%
H oA 23t cDNA 8% AV148 o)& B9t

AV149] 971D (Fig. 1) S. cerevisiae®] vmab A=<}
55.1% 9 EA4S Bk &, o] FEM ddH of
Mlxabe} @7INE e 221709 ofelwAbg 7hR]e ok 25.
kD 7|2 yeast®] VMA6S} 48.5% 9] A EA S By on
(Fig. 2), o] Wrol % Alghe] A Z oM 23 H'-ATPased
chain D polypeptide®} 51.2%, bovine4] chromaffin gra-
nular H'-ATPase polypeptide IV} 49.3% 9 A5AS
7HRt. VMAGT S. cerevisiae vacuolar H*-ATPase®] me-
mbrane sector®ll 31 36-kD polypeptide©] ™ (Bauerle et
al, 1993), Abgt 32| 32-kD chain D(EMBL $34132)
¢} bovine chromaffin granule®] 28-kD polypeptide IV
(Wang et al, 1988)% V-type H" ATPaseZ ©|$% subu-
nit D polypeptidez}it €& it}

F& % ATPasex ATPE 7MrE3ishe F, 2919 9
& T3t channelS ¥/43h Fo ¥H2 7A=Y B2
subunite.2 ©]FoJz SQltk. o) 74eH F,& oAl 79
subunit®] a,B.y8ed] ZAHE o|F oW o]ES FY
8 KA2E multigene familyS o] Fi Yt Newros-
pora crassa®] 735, subunit A%} B polypeptide= ATP 2
 Fe e RUE AT ke F, 74 Ao,
4& FHsted F4 BRE

=

subunit C polypeptidex



HEo|M ATP 7M58a]asd A4S 7HAe f4%e 7Y
CTCBTGOCTGAAGCTOTTGATGATATAAGCATATGATGTGOAGICAACAGMECT s9 P4 F, 74 ARolan ¥2iAH(Bowman et al,
A
r{GTg‘M?erTIAcemCCAIU?GTQTG?%U:GAFGS“QTGFGPC{“TT g 1992). AE7A 48R uhd] w2H™ V-type ATPase?]
HE o ~TO. ides &0 7]%=&
GTGACCTMCTTTECATGAGACGIATGTTCMOMCTGTTGRAMMIGTCATOLCTTA 179 subunit® 7H¢-dl 67~72-kD polypeptides &7 7155

GéGATGTTTGSTAGTA\'TGTTAC(ITTGC’TGT'TGCTCAGMTATGAGJ}STTIATATAGA 239
LAY Q

TTGGT[ITTGTTGATACT(X)C\’TMCATACTT CTCCGAGT! G'TATCACATC(ISAG}AC 29
Lt vi APYFSEC S E

TT(ISATGATATGMCATTGAGATTATGAGAMCAC&:TTTACAAAGCAYATCTYGAGGAT 359
LDOMNIE I MRNTLYKAYLED
TTCTATCGATTCTGYCAGAATCTTGGTGGGACTACTGCAGAGATTATGTCGBATCTTCTY 419
FYRFCQGNLGGATAE I M5 DL L

(X:CTTTGA(IIITGATAGAA&AG\'TT CTYAATATTAQATYMTMS;CATTG;GAA?GQACW 479
0

ACAM}};MGACGITMGMGTTGTACT CGAGCTTT mcr CTTG'T ATG.'TTATOSACAT 539
R EDR KLY SSFG Y P G

GQAGEGCTT GCTC CTGQGSATGT AGAT(‘AQ(I;TT(IITTGY GI'TAngMMTATCCA 599

CCG'T AT(‘AGTCAATATTC’TCCAAGATG’YCTT ATGGAGAAAAGCCAGATGCTGGACAAGGG 659
s S YGEKPDODAGOG

(}3 ' ATGA:GA&;AG;T (S‘AAEAGTT A;&T{TATCATTTGAM‘AACAGTY CCATTATGC 79
R R A

TGTGTTCTTTGCTTACATGAGGTTGAGGGAGCAGGAAAT TAGGAATCTGATGTGGATTTC 78
TGAATGOGTTGCACAAAACCAAANGTCTAGAGTTTCACGACAGT STTGTCTTCATATICT &39
AGTCGTCTTGTACAAGTTGCCTTCTGAGCAAATATGAAAAACCTT GTGTGATTTGCAGGA 899
ATTGCAGGAGTGAATTCCATGTTGATTGOGOCT TTGTACATCTAACT AAATCATGTACGT 59
TGTAGAATCAATTGCAAACATTATTTATACTGTACAAGGTGGAATAAAGCTTTGGTGTG 1013
ATTACTTCATTCAAAAGGTCACCTAGATTCCATTCTGCTGGGGAGCCAGACATTATATGY 1079
COGTTTTGTGTTAAACTCGACTGAATTCTGACATATTATAAGTCAAATTTTGAACTGCTT 139
CATTCATTGCTGTGAATTGCOCTATTTACT CTAAAAAAAAAAAAAAAAAA 1189

Fig. 1. Nucleotide sequence and deduced amino acid se-
quence of cDNA clone. The single letter amino
acid code is placed below the second nucleotide
of its codon. The termination codon is labeled

with an asterisk.

10 20 30
AVta HCQATEPLSTFLE‘( FTYGHM| DNVL | V’TGTL

VMAS  SSVSSESLTTSL IQEVASSKLYHEFNY | ROGSSGSTRKFMOY | TYGYMI
60 0 so 90 100
40 80 90

AVI4  HERDVOELLEKCHPLGMFOS) ATLAVAOMRDLYRLVLVDTPLAPVFSEO ~TSEDLOOM

VMAG HL‘R[X(GE i LQRCHPLGVFDTLPTLSVATDLESLYETVLVDTPLAPYFKNGDTAEELDD‘
120 130 140 150 160 170

100 ng 120 130 140 150
AV14 NIEINRNTLVKAYLEDFYRF MWTAEIDSDLLAFEADRRAVNITINSI—GTELTR

VA6 NIEI RNKLVKAVLEDFVNFVTEE i PEPAKEOQTLL§EAWRS| N i ALNSLQSSO 0P
180 190 200 210 220 230

160 170 180 200 210
AVI8 EDRKKLYSDFGLLVPVGHEELALSEDVmVRCVNEKVPP‘Y%IFSKPBVGEKPDAGISRF

VMAG DLKSDLLPNIGKLYPLATFHLAQAOG’EGVRMLANVYEYRGFLETGNLEDHFYQE)EL
240 250 260 270 280 290

220
AV14 MCRRSRVML | |

VMAG  CRDAFTOOF A | STVWAWMKSKEQEVRN | TWI AEC | AQNQRER | NNY | SYY
300 310 320 340

Fig. 2. Amino acid sequence homology between AV14
of A. viridis and VMAGS of yeast using the single
letter amino acid code. Identities between AV14
and VMAG6 are marked with

single dots.

similarities with

&= B chain(Bowman et al, 1986 ; Zimniak et al, 19
88), 55~62-kD polypeptidet &3 715% 7HE a-
chain(Manolson ef al, 1985)< ¥43t™, 16-kD subu-
H"-channel & H43h4 v} %& hydrophobicity &
veb At Bowman et al, 1995 Rea ¢f al, 1987 : Sun
et al, 1987). o] F ¥9& A= 75 T AolH
A EE subunit v, 59 e oFd FRIA WAAA ¥
gtoit ti7f 20~40-kD A2 27| 7HA% membrane
spanning 4% 714 Aoz A7 A o5 H7IMEE
% Atolof wop} v $ Am, F7} Ato]¢] FEAE ¥
# o Holr}, AV14+= yeast®} bovine?| subunit D po-
lypeptidest 50% 7Pk 454E& 7HA, hydropathy
ZAHgH A3} peripheral protein®} 548 7HA|1
2121 hydrophobic domain®} hydrophilic domain®] ¥F
2t el Ack(Fig. 3).

9 Nelson ef al, (1995)& bovine? chromaffin

nit

index&

58
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Fig. 3. Hydropathy index of AV14 from amino acid 1
to amino acid 221. Computed using an interval
of 9 amino acids. Grand Average of Hydropa-
thy=—1.6. The dotted line plotted at the —5
value represents the midpoint line. The hydro-
phobic domains are above that line and the hy-
drophilic ones are below it. Y axis, hydropathy

index value ; X axis, amino acid number.
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granule®l A 2323 vacuolar H*-ATPase® subunit D
polypeptide(Mw. 28,336)7} yeast®] vma8 F+3d27} 2
Q3= vacuolar H*-ATPase?] subunit D polypeptide
(Mw. 29,176)% 55% 9] %§’3& Holm, V-ATPased]
catalytic sectore] 9*8h= integral subunit®2 1 Fx
%} F-ATPase®| y subunit® analogy® #Holz}il #3439
o} %38 Graham ef al. (1995)< yeast?] vma8o =%
Holg U0 7H V, subunitE HET) bAEA 2l
< ¥4 V, subunit SR AFEHA £ V-ATPase
&0l A3 JeptA gttt Bastgth wtebd VMAS
°] Vool V, subunit& ZFA7Ied F23 98 =
Ao 2 AN yma8e A7INHol o SEH o 3
%ol 34 wwata] &g, bovined subunit D pol-
ypeptideX ¥ AV14% VMAST #AHE £45 vehd 7}
TAE WA 5 gtk VMA6F VMA89| yeast subunit
D polypeptide®] multigene®] 44t v subunit& #74 4
3= 249 TheAe] W &) gFo|th

of#fgt AMdER U]l B W, AVI4E FiH Fo AtolS
olo}F = stalkS TASE 3 subunit2M HEUY Y
Aol AA ) AX3He v subunitd 7HsAdol W &) &
Rod, ol #edste] tf F& A7V} o] FojRo} & Ao
B Addr

(@] 0]
ped =

& (Amaranthus viridis) N £2& DNA 229 %

7IMNEE A A% o 22 AbS Uit

1. o] E&& Saccharomyces sevevisiae® vacuolar H'-AT-
Pase®] 36-kD subunit® ZP3h= vmab 829} 55.
1%9 454& 7Hoh

2. 0] F294 ZPHe wAL 221789 ofu|ito g
o|Fojx|u} 25,452 Da®] EAHFE 7Hzldh

3. o] ¥ HL yeast9] vacuolar 36-kD T AT} 48.5%,
AH#e] 32-kD polypeptide IV} 51.2%, 183l 49|
chromaffin granule®] 28-kD @¥A1} 49.3% % va-
cuolar H-ATPase?] subunit D%} £ $AHIS H9l
23

4. o] @A 9| hydropathy index:= peripheral protein®]
AAE vepd,
o2t AMIZ u]Rey o] YL ofrlE V-type H”-

4/ AEHEA

ATPase?] § FZAZA 48E 4 o8 AR

ot
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