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SE&S: Vacuolar (H")-ATPase (V-ATPase)= multi-subunitZ T4 T2 Z A, proton pumpings £
A AEW A3 #HE ) & o) o] ©ulFo] synaptic vesicleo] % AW Ao Ho}
H AZBHL T2 AEE FYY Row AT ok S 83 Hol Beld mRNAS 3
o2 & PCR ¥H&ol Al 16 kDa subunit®] V-ATPase cDNAS Z2Y& 4 T, o|o) d71xg ©
& A7siint. 2l ® > 16 kDa V-ATPase®] coding sequence™ A 468 bp2A 7Hol A RuE e A
T ELd A7k &R 3 Tae) d7) st AdlA C2 uho] YiEtdl B alanine (GCA, GCC)
< AAs7] o] gulde] ATz War} gle AoE EAHUTE 3+ rat brain cDNA library
dlME L cloneo] EHAEH HA 2L BENA polymorphismo] AU, RNA splicing 5
t o)l 2AE|A Wshe gtk E AFE 16 kDa V-ATPase?] oM 9] 7]53 A7 ude]A ]

neurotransmission R synaptic vesicle®] A& 714& olsEt=d 8% BRI B Aolo)

H o=

AZUe] o] F=E IASA A RS
A8 FAE Hst digs] F23 dojrt o 7]
5 ion-pumping ATPaseElE A So] Jslm
Ed fF]l me} A7ER R o)t p-ATPase
T A9, F-ATPaset= M| EZ =g ol G4
Soll, 282 V-ATPase= 4% B A A9} 2L
AZG el Ztg X3, o] FoA F-
ATPase®} V-ATPase™ 43& YA #Ao e
F-ATPase’} ATPE ¥/dshc WHA V-ATPase™ ATP
g BHslEH. & V-ATPase’} ATPE #3319
A& NYAE= vacuole HFES] Gl L npgoz
H&sh=t] o] &) Hu, Z= A¥Y pHE UA
Al FAE T A shukgo] dojuA "t F
o= V-ATPase?} 217 He] synaptic vesicle]] 4]
= 2AHJ7] W2l neurotransmissiond} synaptic
vesicle®] M@= E AN Fa3 JEdL @7
=B H 20003 99 109
3 A 520009 9¥ 30Y
M 2y Azp sshin003@umaryland.edu

g Ao FAHI Y9,

V-ATPase= multi-subunit2 ¥ £ ghekulz o)t}
Z}z}o] subunites F7)ERE 115, 72, 57, 41, 39, 34, 33,
20, L8] 16 kDa 59 9 FHUU', dRE= 3,
Z2d Ja 2AGAEZ o271 isoformo]
%‘ZH?J_’E}‘_E E‘I_E]o" 9}\;}2,8,11,14,15)'

7154 53 T84 He A& M 2L 737
%l 16 kDa V-ATPaseo|th, I9+E A5 &aks)A|
429 chromaffin granule”, AF&2] HeLa cell# cystic
epithelium®, B 2] 719, W79 osteoclast? T o2
HE DNA7} g4 02 Byt a9 1w
T &3l 16 kDa ATPase’} HoAME w31
UThH= Z°] northem % westem blottingS £3) &
AHAZE' o}z off o] whio] Hoj A L
=3 2 7158 B3I BE B ol mRNALE
2t £33k AAelt) 2= o83t o]f2 16
kDa V-ATPase cDNAE 33 oA &4 23}
o 22 5o]d W37} JEXE By sgn €A
g ES AT & A7E 16 kDa V-ATPase?)
oA 7153 AZdederel s 9] neurotransmission
R synaptic vesicle?] ATE 7)AL olsfslET #
4% ARr7t 4 0= ygEo.
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Table 1. Primers used for PCR amplifications

Name Direction Sequence

16KDV-1 Sense ATGGCTGACATCAAGAACAACC
16KDV-2 Antisense CTACTTTGTGGAGAGGATTAGG

B actin-1 Sense GCCGGCTTCGCGGGCGACGATGC

B actin-2 Antisense GCCAGCCAGGTCCAGACGCAGGATG

M 1 2 3 4 b5
ME % Y
1.8 =2

At & AHE APALo|A L (Taegu, Korea)ol
A FY8+9 1L, polymerase chain reaction®l] A&
oligonucleotide 52 Biopolymer lab (Baltimore, USA)°ll
5 3+A3kit). Lambda ZAP II rat brain cDNA
library= Stratagene (USA)°l 4], MMLV reverse trans-
criptases= Gibco BRL (USA)olA], RNAqueous kit
Ambicon (USA)NA 22t 34331tk PCR 717]&
Perkin Elmer Cetus (USA)2] DNA Thermal Cycler&,
DNA sequencing 71715 ABI 373 Stretch (Applied
Biosystems, USA)E& AH&-&F3ith.

2. Rat brain total RNA &2

37 o) Al sodium pentobarbvital (25 mg/kg)S 7
FARk Wk A2 T 0.9% saline 200 ml& 24 Ao
FAET $AMOE YR EE BFdle] A4S &
A3 AAZ o A&EA H2AE HE3TH
Total RNAE RNAqueous kit& T3] #=ZAM9
FH el wet Basith

3. Reverse transcription (RT)

Total RNA 1 pgS DEPC-treated water 13.5 ploll &
251903, o710 6 pl9) 5X MMLV RT buffer, 3 pi®]
0.1 M DTT, 3 ul¢] BSA (1 mg/ml), 1 pl2] oligo (dT)
(100 proles/pl), 2 pl®] 10 mM dNTP, 0.5 ul®] RNase
inhibitor (40 U/ul), 1 u1€] MMLV reverse transcriptase
(200 U/u)E £33 ohg 37CoAA 1A1RE ¥H-3A1A
cDNAE 433

4. Phage DNA =2|

Rat brain ¢cDNA library 2 5-E] 9] recombinant phage
DNA £ Sambrook 5-°1" AAIGH #gol uet
AAEFAT

Fig. 1. Results of PCR reactions followed by
electrophoresis. Lanes 1, 2 represent the amplified
DNA products (468 bp) using reverse-transcribed
¢DNA (lane 1) or phage DNA (lanes 2) as templates.
Lane 3 shows the PCR reaction with B-actin primers
as a positive control. Lanes 4 and 5 represent the
negative controls without primers or template DNA,
respectively. Lane M represents the 100 bp ladder
DNA as size marker.

5. Polymerization Chain Reaction (PCR)

Template DNAT RT product 2 ul 5= phage DNA
100~500 ng& AH&3112m, 97]ell 2 pl] 10X Tag
buffer, 2 pl®} primer % (10 pmoles/ul), 1 pl9] 10
mM dNTP, 0.2 12} Taq DNA polymerase (5 Uul)E %
Zyatda, AA R¥7F 20 pl HA dEFE UM

& E3hsiqitt B Agol] A83 primer Nezu
Zo|'0 o)) BuE FFH 7t 16 kDa V-ATPase
cDNA G971 ES Faste] 18aL, iz
2] P-actin primer Z3H& AFE-3FSATEH (Table 1).
PCR ¥H3-& 94°CollA 30%, 60CoA 30%, 72TCo
A 3022 3t} HA 35 cycle FH3SATh &
o] & PCR products 0.5 ug/ml9] ethidium bromide
7} T89 1% agarose geloll A7|8 5% thg UV
transilluminator 1ol A <1351t
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A: ATGGCTGACATCAAGAACAACCCCGAATATTCTTCGTTTTTCGGTGTCATGGGCGCCTCG  60bp

L T T T T T T T T T T T T O I T O O O S O T A A O I I B B R O I}
L T O I o O I e T T T T T I T T T T T O T T T A A )

B: ATGGCTGACATCAAGAACAACCCCGAATATTCTTCGTTTTTCGGTGTCATGGGCGCCTCG
A TCCGCCATGGTCTTCAGCGCCATGGGAGCTGCCTATGGCACAGCCAAGAGTGGCACTGGC 120bp
B TCCOCCATGGTCTTCAGCGOCATGGGAGCTOCCTATGGCACAGCCAAGAGTGRCACTGGC
A: TCCGCCATGGTCTTCAGCGCCATGGGAGCTGCCTATGGCACAGCCAAGAGTGGCACTGGC 180bp
R R N Y
B:  TCCGCCATGGTCTTCAGCGCCATGOGAGCTGCCTATGGCACAGCCAAGAGTGGCACTGRE
A ATGGCTGGGATCATCGCCATCTACGGCCTGGTGGTTGCAGTACTTATCGCTAACTCCCTG 240bp
B:  ATGGCTGGGATCATCGCCATCTACGGCCTGGTGGTTGCAGTACTTATCGCTAACTCCCTG
A ACTGATGGCATCACCCTCTACAGGAGTTTTCTTCAACTGGGTGCTGGCCTGAGTGTGGGG 300bp
CE T L e
B:  ACTGATGGCATCACCCTCTACAGGAGTTTTCTTCAACTGOGTGOTGGCCTGAGTGTGG6
Ala
A: CTGAGTGGCCTGGCTGCTGGCTTT | GCC | ATTGGCATTGTCGGAGATGCTGGTGTCCGGGGC 360bp
RN N IR Y
B:  CTGAGTGGCCTGGCTGCTGGCTTT | GCA |ATTGGCATTGTCOGAGATGCTGOTGTCCRGG6C
Ala
A: ACTGCCCAGCAGCCTCGACTGTTCGTGGGCATGATCCTGATCCTCATCTTTGCGGAGGTG 420bp
B:  ACTGCCCAGCAGCCTCGACTGTTCGTGGGCATGATCCTGATCCTCATCTTGCGGAGGTG
RET
A: CTTGGCCTCTACGGTCTCATCGTGGCCCTAATCCTCTCCACAAAGTAG 468bp
R Y
B:  CITGOCCTCTACGGTCTCATCGTGGCCCTAATCCTCTCCACARAGTAG

Fig. 2. Comparison of the nucleotide sequences of the rat brain form (A) and the previously reported rat liver
form (B) of the 16 kDa V-ATPase. The polymorphic change and corresponding amino acid (Ala) are represented
in the box. Positions for PCR primers are underlined. The initiation codon (ATG) and stop codon (TAG) are
indicated as (***).

DNA sequencingS #13% plasmid DNAE £2]3131 1,

- ,
6. Cloning & DNA sequencing 2155} DNA sequencer®. @714 A4 a9y,

Agarose gel Z%-E] PCR product® F%3% o}

pT7Blue T-vectorol| ligationd}s] Tl NovaBlue & ot
ol transformationA 1t} TransformantE-2 X-gal (40
pg/mi), IPTG (5 mM), 282 ampicillin (50 pg/ml)©] PCR 4Hg-ol| AF2-% primerE-2 16 kDa V-ATPase

¥ LB plate $1ol =2 thg 37ColA 24 cDNAo 5o)%<l AEEA (Table 1), Nezu 0]
& WS Insert7t 22PE A2 HAHW B0 33 9] 16 kDa V-ATPase cDNA A714 4
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£ Z333ie}. 7)ol = coding sequence A7t F
Zd £ UxE /N EET FLIEES TR
PCR BHS-E& A7|9 502 &A% F3 468 bpol
#35= DNA band7} ZZE Ut} (lane 1, Fig. 1).
o]+ o]m BHuF 7k 16 kDa V-ATPase mRNA 2
coding sequence®} YX|sh= A7|%ch PCR ¥H&9)
PHAZFOEE B-actin primerS ARESIST,
M2 T2 primer £ template DNAS YA &
4333 PCR HH5-E°]A 0} (lanes 4 and S, Fig. 1). ¥
Aol FE¥ DNA band= B-actinol| A o4
YA =27) 22 QA (lane 3, Fig. 1), SA W27
AE Ztzh ol 8 DNAE ZFZ 5% 34t} (lanes 4
and 5, Fig. 1). % rat brain cDNA libraryoll A £} 3
recombinant phage DNAE F£3 02 3l FdS
PCR #5-& #33Igicd 94 SEFH a77
mRNAE % RT-PCR & wis} 2 Aoz &
=Yt} (lane 2, Fig. 1).

o8 A ZZ% 16 kDa V-ATPase cDNA HHE9
A71HE e 24F A3t RT HHEES FHoE
S Ui} phage DNAE F3HOZ AR} E o 25
T4 F71MEE eI (Fig. 2). BLAST &
2O 2 databaseE FAI A AFH e A
= 99%, A3 2] osteoclaste}= 98%, A2 Hela
cell @ cystic epithelium¥ = 87%, 183 49
chromaffin granule™H= 85%2] F-AHd-& YERIAT
FAME 99%E vERd EF ko] A AriMEE
A3 vl da 3 wd B2 AR 97 3

Rl

(¢

L7E Aol CE b} Sl Ao HF AUt

I

PCR WHg-22 #F oA 16 kDa V-ATPase&
AR 229 F AU AAAHA A7le 13
A FLsiied 3 B9 97 shrt AddlA
CZ Hl¥o] AN} (Fig. 2). A5t codondl wek
FEFE ofr =4k ¥dglol alanine (GCA, GCC)
S AAs 2 YAV GHAe 1xFFd e E
37 9l A2 AU o] €7] Hgle o
o4 2% mRNAE 23 RT-PCR < 9t
library*}l Al ¥-2] 3} recombinant phage DNAS % 0
2 AREEE o ZFA FLEA YE7] wEel
Taq DNA polymerase®ll 2|3t artifactd 7}5/32 3
w3k Zo 2 JaEAT 2358 polymorphisme] 7F
B0l & o2 FAHATE H New 5010

3| genomic Southern blot analysisZ E3}< 16 kDa

V-ATPased] isoform®] 43 37| HE &4 A
olgtx Bugt A& AUUAIRE B AF A= 71E
258 HE Fe7t o2 clone2 HAFA LUt
H Ao @A polymorphism®] g 2)n)
E AUz JeXd T dF7t FF A&EH2
2 o]FojAof & AHojrt
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=Abstract=

Molecular Cloning of the cDNA Encoding the 16 kDa Subunit of
V-ATPase in Rat Brain

Song-Woo Shin' and Min Yoo'

!Department of Anatomy & Neurobiology, University of Maryland School of Medicine, Baltimore,
Maryland, 21201, USA, ' Department of Biology, Keimyung University, Taegu, 704-701, Korea

Vacuolar (H")-ATPase (V-ATPase) is an intracellular protein which consists of multiple subunits. It
carries out acidification by pumping protons in the cell. This enzyme has also been found in the
synaptic vesicles and may play an important role in the neurotransmission. We cloned cDNA fragments
encoding the 16 kDa subunit of V-ATPase from the rat brain by RT-PCR and PCR using total RNA or
recombinant phage DNA as templates. They contained the full coding sequences (468 bp) and one
nucleotide at 3' region turned out to be different (A to C) when compared to the liver counterpart.
However, this polymorphic difference did not cause any significant change in the primary structure
of the protein because both GCA and GCC code for alanine. Our study would contribute to the
understanding of the function of 16 kDa V-ATPase in the brain and of the mechanisms of
neurotransmission.

Key Words: V-ATPase, 16 kDa subunit, Rat brain, Polymorphism, Neurotransmission
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