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2y ry7eF vigBERE#H (acetylCoA : choline O-acetyltransferase ; ChAT.
EC2.3.1.6) @ 7&F N CoA a2 ) YD OMFREMHTF LY~ (ACh) %
BT A2MH#ECH D, ChAT BBHEDOEC A, 2 ) it = 2 — v ¥ ORAEIKE
ZRTROGFRNB T — N —Th b, COMABIR 1043 FeRRanis?,
-GG % 100 HEMEEHELEVHEVMESRGEOh T, Cok
OMES AL LTCOERB LU OEHEHRGRBRIRVEAYN TS - 120
ChAT @ cDNA X 1986 Fic{BESIC Xk D Drosophila o ¥IH THIgESh i o
LB D ChAT © cDNA BRBEE TiK, 74P, 59 b4 292 BV
ErPRoVTREEN TV,

ChAT OHIMIHI, RIWMSEHERGRE >V CORARBECH MDD TZ L L,
MEET L REVHOBIEEGF 2 E AR LEEYHERMA TS0 DA
BB TAPHLICEELEBAMOSNTOEH, AChiKBdE2 DA A =X Likdb
MoTWIEW, ChAT B2 0% v/« 7Y YHIEMERICE D ) YE{EERIT 2 &
OWEHSHHEY Y vyBlLoEERTG T 2H 5 AW TH 5. RYIFIIE Ic
SV, 1970 FRICAHEHNROHBBEPLYIRERRT, ST RN FLEE
DS ChAT WEHEZIME B A EBRENTVWEY =9 Z YTl 0 914055 4%
RC M= a—v vy BEMMBTH MK E OIEEFIC LD ChAT WHEESF L
K ERT2Y &P, 79 FHAEFO EFEHZRMEN 0P REER T, leukenia
inhibitory factor # ciliary neurotrophic factor 7 & ASASREPHERIHIHINE © &
B 7 Fvy ) YEBEL S ) YEBHICERESEL Y CEREBRS
hTwa, ChooRMAEHERMICIZ ChAT OKRBFE L <AV ORI FH MBI 5 T
BLEZONAWB. ZDAN=XARARWPTH %, —h. THINAL 2—HPHE
REVEO RBEALIE S COMBER BT Y Ytk = 2 — o Y OLWE RENRE
hTng'» 'V,

HEDY) YW= —0 vy BEDLSICLT ACh ZEVH &4 5 XBA
ARG L CwE ERWEPHRENRIC CAT Bz FoRBN EoRkicHfEnhcu
BERITS B cdicit, ChAT B FOI7 0 —= 27 &2 0B FREBEOR
FRBAOREETH 2, T TCHEHR. 59 PBLUT 92D ChAT @iz FO Y



HWHR LT L. DT oHRAMR E@ 7,

1. ChAT @ mRNA 2 5 EBRABORL 2B O FRBSEEL.C o)
8 WO TuE—9—DoDEEHKEEL IV YDANS F T4 TRT S
AvvZickDEEENDLEW S L,

2. ko7 ee—2—055 3y YEHtEMBEAKEMA WA DN 527
=V vavikicky w9 20 ChAT BHRF OIS EER T v € — 5 — Gk
(M-type promoter) %2[EE Lo ¥/ COTuE—9—DFHOA4 Y0
iz oy —iEERB L EEFREE Lt & 5T M-type promoter @
FEBlic MRty RS H 5 C L ERL o

3. 9 XD ChAT BIFOH 427 Y v 2 AP (cAMP) BUGHE BS54 5 ik %
[G5E L. cAMP &5 ChAT Bz FOREZHELTVWE & ZAEWL 7,

PEomiickn, FHE0rsv—=v 7 Ll PRI, ChAT o fiEe Ml
FROVRBLE cAMP ~ORIGHEEBET S DNA =L 2 ¥ P BEHET 5 L OERIC
2 L7,

PIF. ChopRRIic>WT, 3 M Timabd 5,

BE. AXPRSTIERRPCHEMNLARERUFO@D TH %,

ACh:acetylcholine

8-BrcAMP:8-bromo cyclic AMP

bp:base pair(s)

BSA:bovine serum albumin
cAMP:3", 5" —cyclic AMP
CAT:chloramphenicol acetyltransferase
ChAT:choline acetyltransferase
CIA:chloroform & isoamyl alcohol
CRE:cyclic AMP-responsive element

DBcAMP:N®, 0*-dibutyryl cyclic AMP

DMEM:Dulbecco’'s modified Eagle's medium
EDTA:ethylenediaminetetraacetic acid

h:hour (s)

kb:kilobase(s)

min:minute(s)

PCR:polymerase chain reaction

5 -RACE:rapid amplification of cDNA 5 -ends
SDS:sodium dodecyl sulfate

TLC:thin layer chromatography
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aY y7eF VEEERER nRNA © 5 JEBR KO 59 FEBTO 5 D ChAT mRNA OREIEB LT
ANSFF 4 TRTS54v 07 ¥, A DNA @7 u—=v 7 EiEERTT
A5 199 Ficg » bBEXUT 2BMISENFN | HB O ChAT 5., FBEC. RSO TV AEEE (Fig. 1) LA @ ChAT nRNA HSFEBLL T
¢DNA 27 0—=270L, TOMEEREL L o iiH (&8RS & oM E WEOLELEZWES,icT Z2HM T ChAT @ mRNA &% /7 & DNA ORHT%4T - 720

(94%) RV onfH, §FIEBMRMAED -38 bp ZHE LT, £ Lo ER
KELRIZ->TWh (Fig. 1)o Thy 72V BXUE F* O ChAT cDNA @ § 3

SRR E bicwy 2 EHVHEIELZED Sh i, KR T ik
Mouse CTGOGTACTGGCAACT TCETCGGAGGETC TGC TACAGAACC TAGG TGECEG0CCC AACCTCTGOTA Y s -120 = : : Sy
: GaCANCCTETOGTACTGETOCCACCECCTECC Tl I RIS 54 < —%H0F cDNA library OFERK
Rat ANGCCAGGACTCTCAGCTTGTGCAGCACCCCCGGANGGA )
cDNA library fEBRO® 79 b 54 ¥ % Fig. 2 iK"Y o
CCTTCTGRCTCACGCAGCCGCCTCCAGECCTGC TTGGTGTGRARCAGTGCCGGTTCGGTGCOIANCAGCCCAGGAGAGCAGGTCOGCAGCTCTGCTACTC -20
- . s - LR L LI - . ® & * a8 8 w . - . wew R LR Y = — o — = o, o — . — —AMMMA mRNA
AGGTGAGCCTTCCTAAGCCTCTACTGACAGCAAAGCTGCAGAGGCCCTTGCGCGTGAGACCCAGAAGC TTCCAAGECAC TTGTCTACAGC TCTGC TACTC
ChAT-specific primer
Met Pro Ile Leu Glu Lys Val Pro Pro Lys 7
TGGATTAAGAATCGCTAGG| ATG CCT ATC CTG GAA AAG GTC CCC CCA AAG dNTP, Reverse transcriptase
v SN ARTERE | AAR & A Awe AeS WES B SRR Wb S
TGGAGCGAGAGTCACTACA| ATG CCC ATC CTG GAA ARG GCT CCC CAA ARG
Met Pro lle leu Glu Lys Ala Pro Gln Lys
_— e — — e o o m— — — = AAAAAAAA

Alkali-treatment
Fig. 1. Comparison of 5’-noncoding region of choline acetyltransferase cDNAs

cloned from spinal cords of mouse (upper) and rat (lower). Asterisks show the l —— First-strand cDNA

nucleotides common to both ¢cDNAs. Coding regions are boxed. An in-frame

termination codon upstream of the initiation ATG is underlined. l Terminal transferase

dCTP
cceecc —=
SHBRAKRY / A Lo T v e—9 —FRERIET L DICEETSH 510, PG) 1218
i Klenow Fragment

LiOHBGBMEOE VNI L 2 b0h, LI ChAT © nRNA (242 5 FEBHNR dNTP
MO RIZ B WBORTENHGEES 202D CT B LENRS B, 22T Secece == PR s b
vy PERIRDENEFNICOWVWT ChAT @ § flili%2 & clone ZZRECHE S
fods, SHIRBE O — IS HBINITE 75 4 = — %W T cDNA library ZfER% L. l
¢DNA 20 —=v 7 %iTol . s COMBYEO Y/ &4 DNA library 25 5 6f Linker ligation

Insert in Agtl0

BMEZCY /7 & DNA clone ZHIBEL . T OMMEERIT L 1o

Fig. 2. Construction of ¢cDNA library directed by specific primer.



Wistar 5 » %> 5 guanidium thiocyanate #C total RNA 2 HiHi L.
oligo(dT)-cellulose column chromatography'*’ ic X ® poly(A)'RNA %4
first strand cDNA & poly(A)"RNA 20 g 26 rat ChAT cDNA @ 639-655 bp
ICHIBIRI7E 17-mer @ oligonucleotide & myeloblastosis virus reverse
transcriptase ZHWTIER L. RKIE® nucleotide & primer {2 Sepharose-
CL 4B column & X WERF Lo terminal transferase € first strand cDNA
@D 3 -end & dC-tail ZfIMU A D% second strand c¢DNA X p(dG)iz2-,:% 7
747 —¢95 land SOKE'Y K X DIERR Lo cDNA DS IC BEcoR 1 /Not 1
linker ZftMtk. WHick b ' 1gt10 © EcoRI site A L 7=,

2. 77 & DNA library OfERR

79 b®D 7 A DNA & Wistar 5 » PR S SDS & EDTA fHEE Fic
proteinase K UPE L . 7 = / — Wil Z VWA W' ic k81, SausAl ToO
a5 UIMi#& . sucrose density gradient T4Yj L. 10-20 kb @® DNA % EMBL 3
@ Bamll I site iHiA L%,

3. cDNA library BXT %/ 4 DNA library ® 22 Y —=v 7

cDNA library KT %/ & DNA library (25 » b ChAT cDNA o BHR 6tk o
N A4 (HindM-Sph 1. 170 bp) % 7 v —7 & LT plagque hybridization ©
AI YV —=27 Lo 7u—7% Multiprime labeling system (Amersham) &
[a-"*P1dCTP ZHI\W, EEiS¥E 5-10 x 10® cpm/ug i€ 5 < L#:o phage DNA %
=btmEre—27 45— CBITH. 5 x SSC (1 x SSC: 150 mM NaCl, 15 mM
sodium citrate, pH 7.0). 5 x Denhardt’s solution (1 x Denhardt's: 0.02%
BSA. 0.02% Ficoll. 0.02% polyvinylpyrrolidone). 30% formamide. 0.1% SDS
BELY 100 zg/ml sonicated salmon sperm DNA 2 S LA 42 °C € 2 h
Tvn4 7 ) F4€—va v Lo LIBHEIC 5 x 10° com/nl ERBLIiS
O—7EMA, 42 CCT—WN ATV 4 E—2 a3 v EiT-1.20% 7+ VD —
i 0.1% SDS 2 & 2 x SSC t1 42 °C. 30 min DFEHE 3 BTV, X7 40
LiCFEXL 1o

A, R ORE
¢DNA clone, %/ & DNA clone B LU PCR BEVIRGFIRM L UM, plUCIS
72 a—=v 7L, dideoxy &' CHERNEZRE L 1z,

5. polymerase chain reaction (PCR) ¥ LT PCR FEVIOY ¥ » 7 v » kR

PCR (2 Chelly 505 'Y LBH TOEIEZMA 120

59 PIFHED poly(A)'RNA 20 pg EH5RINT 54 <— 25 pmol W LidD
JithT first strand cDNA %ZfERk L7co KRIIGD primer & nucleotide % fx
£#. cDNA © 1/12 % GeneAmp Kit & Thermal Cycler (Perkin-Elmer Cetus)
ZHWTHEL 720 G2 25 pmol @ forward primer & 25 pmol @ reverse
primer ZM W 50 x| ORIGHEPT 25 44 7 L OHW ({4427 12 94 °C,
40 sec; 65 °C.2 min: 72 °C.3 min) Z{TV. #&ic 72 °C. 15 min DR IG
EMLU T2 FRMIE forward primer (& Fig. 8 IK/RL 7o D reverse
primer {25 » b ChAT cDNA @ 139-162 bp ICHIKHMIX 24-mer (5" -GCTCTTCCTG
AACTGCTCTTCAGG-3" ) Z I\ 7z PCR FEYIIX 3% Nusive GTG Agarose gel (FMC
Bioproducts) T4y @M. GeneScreen Plus (Du Pont-NEN) ¥ Lo 7 A7
Y#¥4¥—3 ik 30% formamide. 1 M NaCl, 10% dextran sulfate. 1% SDS
B XU 150 gz g/ml sonicated salmon sperm DNA 2 Z L@@ 42 °C. 2 h 1T
stee Tu—74t 5 b ChAT cDNA OHIEE 1-24 bp ICHIFHMI/E 24-mer (5'-A
TGCCCATCCTGGAAAAGGCTCCC-3") MW, [7-**PIATP T §" 7 <a L. Li@m#ic
5 x 10° cpm/ml KRB ELHIEMAT 42 C CT—B@NnA T Y FA¥—va Lk
Z74nF—it 2 x SSC CTHEEF. B 2 BIFF0EDDL, 0.1% SIS 238
2 x SSC thT 45 °C.30 mim k¥ L. X7 4 v AIEXL fo

BRI E W 22t 50 pmol @ p(dN)s % primer & LT first
strand cDNA 2fEK L7 2BRFABEA —~—F5 2 74 5L 8 2D sub-
region (region-1, 1-663; region-2., 616-1323; region-3, 1276-1920) (=4} i
ThzZh%t LidoRHET 25 Y4 7 v L7z, AL A primer BELFOMlib
Thbo
region-1: 5 -ATGCCCATCCTGGAAAAGGCTCCC-3°

5" ~CAGATCACCCTCACTGAGACGGCG-3°



region-2: 5 -GCTTTGGATGTTGTCATTAATTTC-3

5
5" ~TCTCTGGTAAAGCCTGTAGTAAGC-3" TORe

o / =-516 ACGGATGGGGACTAAGCGAGTCTGGGGTGLOGCGEGTOGGCAGACAACGTTCTGCACCCCT

region-3: 5 -TTCATCCAGGTGGCCCTCCAGCTG-3' -458 TCCCAGAGCCTAAATCTGATGCCAGTGCAGGAACTCATCTGGOAAGCTATCCTAGACAGA

5 o ﬁGﬁ TTGCTTGG CTTGG CTTGGG cc-a . -388 TTTTTGAAGGCAGAAGATGGGAATCGCGCGCAGGGCAGAGCATGGGCTAGGGGGAGCAGT

-338 mﬁmmmﬁ\ﬂwﬁmmmﬁm

276 GGOAGGAGGGATGGGAGGGAGTCOAGAGAGGTOTOOCTOOTTIGCTCOCAGTCAGTCAGT

KEEE R

-38 CTACAGCTCTGCTACTCTGGAGCGAGAGTCACTACAATGCCCATCCTGOAAAAGOCTECT
N P 1 L EX AP

25 CAAAAGATGCCTGTAAAGGCTTCTAGCTGGGAGGAGCTGGACTTACCTAAATTACCAGTG

. B3 5 HEWREEAES>5 » k ChAT SOMA B i o ,_,,th:m:m:m:“: AS & W EEL L LP K LPV
A : 9 PP L Q Q
ChAT-specific primer ZH\WCHEBR L7 5 » F#FBED cDNA library (1.7 x
IO' independent phage) é\ mﬁﬁ‘: A ﬁﬁﬁ) f'g P a—= v Lt ChAT Nl-typc
cDNA® OBRKD N AP %E S e —Tic LTR2YV—2v LR, # 732 TCACAGETTCAGTCCAGACCTOAGGAGGAGGGGAAGCCCTGAAGCETCTTTGETGECTGS
- - = o -B72 TAAAAGAACCCAAAGGAGGGCTCTCCCCCATGGATATTCAGAACACACACACACACACAC
200 m @mﬁ & y ﬂ. }bﬁ{f% b ﬂ t o C @ ‘9 .5 mrﬁﬁ i: 29 CI one %‘mﬁ I—' ~ % @ ~B12 ACACACACACTCACACACACACACACACACACACACGAACGATAGACAGACAGACAGATA
. - - + ~-552 GACAGACAGACAGACAGTCTCTCCCTTCCAAGTCCAGTGTAGCACCTGCGAGGTTCCACCC
ABRIPEIRE Uik o8 bp 5 FRIZLTD clone CHE—TH-1i, Th -492 GAGGOAGCCTGAGGATCTGCCTGOCCTTGOAGGATAGCTGOCACCAGGAATTTTGGETGE
L EfiolgET ¢ HERicamanrs, Fig. 3 i 4 Ml cDNA DY IER T % 432 CAGGACTGGGCTTTCCTACACAGTEUGAACTECCTTCATCTTGTCAAGAAGGAGCTET

-372 TTTCTGCAGAGAAGAGGAGGTAGTCCCGTCTTTTAGGGTCCTGGCCTOGGGACAGTGTTC

Fig. 4 EEMEOHKRB X UHE L7 clone DEERL 120

=312 ATTAAGGATTCAGGCTCTTTCTUTGAAGACTGAGAGGACACTTACCTGTGGATCCGECTE

“12 AGAGTCACTACAATGCCCATCCTOOAAAAGGCTCCCCAARAGATGCCTUTAAAGOCTTCT
NP 5L E XK AP QXK MNP Y KA S

R 1 -Iype 4§ AGCTGGGAGGAGCTGOACTTACCTAAATTACCAGTGCOCCCGCTGEAGCAAA
S W EELTDLFRELPV PP L GG

“131 CLCOCGEAAGGAAGGTGAGCCTTCCTANGCCTETACTGACAGCAAAGE TGCAGAGOCECT.
-11 occcct.-rcamcccammmﬁucccacnhrmcamannmmcm

=11 camnmumccanmcmmcccmnmmma
NPILEKAF‘QK‘IPFKASS

50 MIGGGAM&W&CWWH&CCAWEMW&GCM

EELDESP K LPVE P L g s Fig. 3. Nucleotide and deduced amino acid sequences of four types of cDNA
clones encoding the 5'-region of rat choline acetyltransferase. Nucleotide

R2-type »2 residues are numbered in the 5’ to 3’ direction starting with the initiation ATG

~254 AGARAAGTCCAATETCARCAACGTEACCACTATOLCCANTCTCAGCTTACTAOCATCETE as number 1. Regions common to the four types of cDNAs are boxed. The

84 TCT T OCCAGTCTGTGACOUGAACOCGSOCEICACGTGCCATCTAGGGTCAMACTCGT regions common to R1 and R2-types, and common to M and N1-types are

134 CO0AGGACAGACACTOGGCCCAACGEAGAGGC TGATL TOT TEAGEETOTCOCTOEANGCE underlined with dashes and dots, respectively. In-frame termination codons
upstream of the initiation ATG are underlined. One letter amino acid notation

T R o T PO aMAAGECTCCOMANGATACC TS TANGICTY is used. Only 100 bp of the 5'-coding regions are shown. Horizontal arrows

above sequences indicate the synthetic primers used in PCR analysis.

47 CTAGCTGGCAGGAGCTGGACTTACCTAAATTACCAGTGCCCCCCCTGOAGE
SIEEI.DLPKLP\'FPLG




Number of clones isolated

Rl-type R — 4
R2-type 24 [ — 2
225 | \
M-type RUN AN | 6
1 l 16* (M or N)
Nl-type 732 [ L R 1
Total 29

Fig. 4. Comparison of structures of cDNAs and numbers of clones isolated.
Nucleotide residues are numbered as shown in Fig 3. The sixteen clones
marked by an asterisk terminated in the common region of M and N1-types.

29 clone @55 4 clone (Rl-type) XLIHiiC 3 » F7FfiiD & B L 7= cDNA
ER]—TH7-H, S"MicE S5 69 bp IF TV o R2-type @ 2 clone i3
Rl-type &Iiiod 74 bp O E > TWAH, TO@HMMSRE - TV, M-

type @ 6 clone & Nl-type @ 1 clone 2 -226 bp £ © Fiiiz[al —Cd » 7= 5.

THED LSRRI > TOie M-type & Nl-type OIL@lffilkiz, = o 2%
TPV BLUE P D ChAT ¢DNA & @V HIEIREDS S - oo 5 AN AS & O I 56 i bk
NTIEX->TWAbDB . E5IC 16 clone -7, Fig. 3 IK/RLA LI I, R2.
M. Ni-type ®# cDNA % initiation ATG codon ® L#iic in-frame T stop
codon D3RR & f17, Ri-type cDNA @ initiation ATG codon (i) @ Fifiic
i in-frame @ stop codond ATG codon HEZH LN » 1o,

2. 7 v b ChAT mRNA @ 5" JEBHERGAMES X OBRGIEL O PCR MRIT

¢cDNA Zo—=27Cdoti 4 HD cDNA BEBICRBLTWALEL %
PCR #: THRA L 720

WO reverse primer & 6 B forward primer % Fig. 3 & Fig. § KR
L7o Rl, N1 3L M primer RZEHZND cDNA Q5RO MIKIC, R2 primer
{2 R2-type cDNA @ 5 KIRICASIE L 7zo R1/R2 & N1/M primer 2. T8 #h RI

_10_

L R2-type cDNA B X T NI & M-type cDNA OIEiliffilfic & »7co 7 v FTFHEOD
poly(A)'RNA #» & first strand cDNA %&BK L. PCR #KT 25 ¥4 7 W Hiwa L
fo WMREMEF V9 LTuA FEZET7Ho— 25 VCBRAKY LI EC
.M BLU NI/ primer VWV —YICDHI/NY FRZEHLNT, &6
DNA 2= bokVO—RTZ A NI —T BT 7L, P T7 <V LEER
Hilk D oligonucleotide T4 7Y F4XLEK (Fig. 5o

R1/R2 primer Tit Rl-type mRNA #2495 354 bp & RZ-type mRNA S H1Y
42 2715 bp @ 2 ADs<v FHERIENto Rl primer TR THE NS 234 bp
Dy EHRIBE oo R2 primer ZHWABF. R2-type mRNA A9 % 414
bp DMWY FNE, ADICED LI 493 bp DFL /Y PR E R, O
Dty Fit Rl-type mRNA (ciikd 3 &FE X 5. Rl-type nRNA & cDNA e T
ML TWBHSO 5 MicE Sic R2-type nRNA &[] LHEEfLTWA I &%
FLTW3o NI primer Tid,.N1-type mRNA CHIX9° % 514 bp @ /¥ ¥ FAS R
Shand. 20 Fic 327 bp oY FoRIENL, CO/vv FEYIDHLERE
RAZRELAEEC S Fiteiy 47 (Ne-type) TH -7 Ni-type & Nl-type
OBEDS B N & M-type OFEMHS (Fig. 3 © -225 » 5 -89 bp) AKX
L@ E LT, M BXLT M/NL primer TREQLZTA TSNS 418 bp &
248 bp @ /sv FERENRINS T,

ChAT mRNA @ § FBRMECRONLANS FF 4 TRT A4 v v 7R A
Hicb Bohsbh@ b PCR TR LT

ABRMIEAE A —/—F » 7T BEkIC 3 2D subregion i, ThEh*:
PCR #ET 25 44 7 VIR L. 7Ha—25VTCHELI (Fig. 6)o 3 2D
subregion & & iC cDNA OMEY hoTHENEESO/ Y F (lane 1,663 bp;
lane 2.708 bp; lane 3,645 bp) O AR ST, Xojic, =bpkru—2
2any—lcToe T4 TR "P 5= LELBREEE o7& LTH
ATY T4 E—va Lk oy FIRED P (A /L A

_11_



R1/R2 RI1 Common-R
- -
R1-type T —
Ric Sais :

- - '

R2-type T e —

M M/N1, :
> -, - ,

M-type GIIIIAN |
NI : | :

~ | - - |

Nl-type [ AN

RI/R2 RI R2 NI M M/NI

Fig. 5. PCR amplification of 5’-regions of choline acetyltransferase mRNAs
from rat spinal cord. Each type of transcript was amplified for 25 cycles using a
specific forward primer and a common reverse primer. The amplified products
were separated on a 3% agarose gel, transferred to a filter membrane and

hybridized with a 32P-labeled oligonucleotide corresponding to the common
coding region.

1057 ——
T — 770 ——
SN
- 1 s 495 ‘S

i 2 P 392

) ==t
jH2 " =—

Fig. 6. PCR amplification of coding region of cho]ing gcet){ltransferase ’mRNA
from rat spinal cord. The whole coding region was divided into 3 subregions
(1-663, lane 1; 616-1323, lane 2; 1276-1920, lane 3) and amplified f"or.' 25 cycles..
The products were separated on a 3% agarose gel containing ethidium bromide.

s 5. b ChAT @ 5 BUREGTY / & A 07 u—=v7 ERERYT

S, hoK /& DNA library ZfERL. RO N KB ET = —TEL
2y Y—=y s LT 2 s u—v (RG] & RG) ERL, WHE I Bl B2,
Nl BXC M priner DF<TIiA4 T Y F4 X Lo Fig. 1A o I B AR D &
sr -4y e BEBLT 5 MO RN LOBKRERRLE.FNTOE
sz sy -4 huyOBERBSOEEEFEREL o

Pig. 1B KKRTBEK, =7V -4t 8 ORI T <T GT/AG rule®® €
AR LTV IROMED 5. RI/RZ & NI/N2-type mRNA BERZTO X7 2
DA FFATRTIA Y YT REDEESD, R N, H-type mRNA RENT

. . -~ o2 x ) o e e e R EI T
R BT EE -y — D OREHAI &Y EESB C LAURENT



1kb
-
A H A A B EA
/i H I I I = 1] I h
£ Tl I IR
111 | 111 Il
Rl-type TR i ]
11 | I
| I (8 £
R2-
P 11 | Il
(| | S I
N1-type (11 W
1k i) N Sl I
11l 0o
PR i) | | I
(N | T Il
M-type 1 i [ I—h\/b
B
Type of cDNA 5" donor 3" acceptor
R1 CAAGCCACTTgIgagcccac ctgucccagGTCTACAGCT
R2 CGGAAGGAAGggagectic cigiicecagGTCTACAGCT
N1 AAAATGGAAGgagalggal ugetegeagTCAGTCAGTC
TGGAGAGCAGgigagaagga cigiicccagGTCTACAGCT
N2 AAAATGGAAGg agatggat cigiicccagGTCTACAGCT
M TGGAGAGCAGgigagaagga cigieccagGTCTACAGCT

Fig. 7. Structure and splicing of the 5-region of rat choline acetyltransferase
gene. A: A map of the 5'-region of choline acetyltransferase gene is shown at the
top of the Figure. Open and filled boxes indicate the 5-noncoding and coding
regions of mRNAs, respectively. Restriction sites for Accl (A), BamHI (B),
EcoRI (E) and HindlIIl (H) are shown. A comparison of the structure of choline
acetyltransferase gene and the five types of mRNAs is shown below. B, The
nucleotide sequences of the gene at exon-intron boundaries of the five types of
mRNA species. The sequences of exons are shown in capital letters, and those

of introns are in lower case letters.
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HE

¢DNA Zu—=v7%& PR ICkDF» FBRT 5 IFBRMNEORIES 5 MO
ChAT mRNA 2RI L7e S5K¥ /A DN 220 —=v7L, cDNA &HE%:IL
Beaocdickn, ChoMEKO ChAT nRNA 25 3 AFO T v E—F — 508K
BRIl E, 2754 v v IBUORRIcE > CEESNS EBYh LR K

(Fig. TAB)o
¢DNA Zu—=v7Cclohtzrsa—voRi3zhZho nkNA ©FRBIN O HIX

HAKBLTEHED. 5 Fid ChAT mRNA ® 5 B M-type B ZCRHBL TV S &
EZoNDB DT ik PCR BEHTT. M-type mRNA @ ¥ 7 F A BIE bV C
Lr—HLTWS; EDie, 7225 29 2® BEUEF® O ChAT cDNA #¥F
~T M-type & »1C &2 M-type mRNA 28t b ERBEGEMTH L C &Y
HLTWD,

Rl-type 2D F W7/ 4 Fid cDNA 2. ATG codon @ EpEic in-frame T stop
codon B Sht. L L PCR METORER (Fig. 5) » 5. Ri-type b Lifiic
R2-type LA LHEAF>TH . COFSIC in-frame @ stop codon BB
S5z, Lid-T 5 Bid ChAT mRNA 5 2[E—® ChAT 2 ¥ /<7 PR S
NZEZEALOND, S FBRFHORITS nRNA OARNERABAEOL IS5 A
BITH %5, nkNA OLEHPLHRHDBICEET sRESEX S0 50

BMOToE— ) —DBHEETIIEOBREOVTRUTOURESEZL S H
%o

D1 o003 YW= 2—o Y BFE - HeoBETTnE— 5 —%{EVS
HTWa,

2) 2y EME = 2 — v vicid, = — v R, RIS MEEE = o
—n v, BIREMERER= s — o yehioa ) YE#E S 2 e ISR
BAMEBEShTVWAN, ThENTRELEZ/nE—7—%fi>TWa,

3) NGF 7 &% > M D trophic factor 25, HEDO MWLM D ChAT &% LR
XEgLHIEBAShTWS, COBBIRBVWT, %35 trophic factor &
MredTarE—2—%H LT ChAT OERFEZHHML TV %,
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COSDOAREMERIT T 5icid. Eh £ D ChAT nRNA KB RIS cRNA 7o
—7EZHW3 in-situ "4 TYFL €~ 3 v PYPREZRZTO ChAT nRNA O
TP LETH D, CORBRITRI Y YEMHE =2 —o Y OR4E - LD 2 5
=XL%EWMHT L LCHEERFSbDICREEEZLZONS,

_lﬁ_

2R
2 9AFMTO 1 D ChAT nRNA DOEIFE B L U
¥ 45 DNA D2 u—=v7tiEERIT

29 ZBFMiicBVTS 5 IEBRFIE ORI 2D ChAT nRNA BELT 2O
hEPEWHSHICTIHNTHE | RERBROBITEIT > /o £/ & 5T Rapid
Amplification of cDNA 5 -Ends (5 -RACE) MEHTic X » M-type mRNA D FEBIft
At Lo

KB ik

B 1 BEEBROAEERWIY, HERDOBL TR T,

1. $RMNT 54 =—%R\7 cDNA library DO{EK

cDNA library & =9 X{Fffi® poly(A)*RNA 10 zg & mouse ChAT cDNA @
642-658 bp ICHHIERMIIL 17-mer @ oligonucleotide (Fig. 8. Rev-1) ZHWT
fEBR L 720

2. cDNA library 3 XU 7 /2 & DNA library QR ) —=2 7

cDNA library 2<% R ChAT cDNA @ HindM-Scal MihH (455 bp) % 7w —
FELTRZ2Y—=v%LIo 9 X% / A DNA library (in Charon 28) %
JCRB i F/¥v 7 518 T< 9 X ChAT cDNA DK% 7 u—7IKLTR 2 Y —
=P Ldee

3. Rapid Amplification of cDNA 5’ -Ends (5'-RACE)

first strand cDNA =9 XBFHiD poly(A)'RNA 10 g & M-type = 7 v ~
ICHIHiMI 7S 30-mer oligonucleotide (Fig. 14.RACE-1) ZHIWTIERR L. 5 K
i dC-tail Z{HMUL7. CD cDNA © 1/10 % 100 p 1 OKISHEP T, 10 pmol
® (dG),,-adaptor & 25 pmol @ adaptor BX U 25 pmol @ M-type = 2 v ~

..l';l'_.



ICHIEHI 72X oligonucleotide (Fig. 14. RACE-2) %M \\T. Frohman 5V ok
H:CHIMA L 720 (dG).,-adaptor & adaptor 2 Sall & EBcoRI site 2E8H.
KRR LUFo#M)Th 3,

(dG) 7-adaptor: 5 ~CTGAGAATTCGTCGACGTACGGGGGGGGGGGGGGGGG-3"
adaptor: 5 -CTGAGAATTCGTCGACGTAC-3'

5" -RACE FE¥IIZ 0.5% SDS & 5 uM EDTA 288 200 ¢ | oGkt
200 g @ Proteinase K C 56 °C. 30 min ALPEL ., 7 = / — i, CIA BB
DDLExY /7 — VIR U7 LB L7 DNA 12 100 21 @ H.0 CEERL. CD >
5 2 pl 2 3% 7He -5 VCHME,. = baro—27 40y —IcBTL
oo NATYFA€—va Zicik M-type =27 7 ~icHHFiMIE oligonucleotide
(Fig. 14, RACE-3) 2 7w —7 & LTHW,

E o

L RI25 §IFBMRIFIEEEF>= 9 2 ChAT ¢DNA O 2 o —= v 7

FROT 54 2 —2HOTHER L= XFBED cDNA library (1.6 X 10°
independent phage) % mouse ChAT cDNA @ N KMo %2 S o —TFTELTCR2 1) —
=Z7 L. 8 300 BORBMES 7 F v %8, D5 BMERIC 21 clone % Wik
LEBERNZRELLECS, 2 BcaBa i, Fig. 8 KBROEWL § -end %
Fi2 clone OMEIES &, & clone AR Lo WX -38 bp 75 Fikiid
Bl —=TH 75, &b EWRMEEL > CTWio M-type sRNA 1 ElfiIc = 9 X 7
frs@ons clone &E—CH0D. X542 5 filic 47 bp MU T W7,
Rl-type REGIICT » FHHELSB O DN @ WHIEIESZ S &1,
M-type cDNA & initiation ATG codon @ L#ic in-frame ¢ stop codon 782
Hofo S, Rl-type cDNA ICiRIEH - 1=,

..18_

A. M-Type (19/21 clones)
254 Wm#ﬁqmwammmm1mn

184 ACTTCGTCGGACGOTCTOETACAGAACC TAGUTGGOGGUC COAACCTETCOTACTGETOE
144 CACCCOCTCOCTOGECO TTETERCTC ACGCAGECGCCTCEABC L TRE TTOGTUTUGAAL

B. R1-Type (2/21 clones)

-223 MNWACAM(WM&TWHMW(HU
163 COTOCAAATCAGOACGCTCAGCCTOTGCACCL CTCCCOGAAGGAAGOTOAGCCTTCCT AL
<103 GECTCTACTGACAGCAAAGO TGCAGAGGCCC TG THCGTOAGACCCAGAACCTTOCALGE

=14 aumt'mmm:mmeawmcn*nmkmmmaT ~43 l.'fj. rca:rAummmumﬂqm’rrmnmmr.'n'rrl-ru'.uu
14 rwunrmar.uwmammmﬂccrmam‘m&cm
U A R LM RYG RS 18 mc:rrcrwmrmmwnﬂ AGCTUTGAGGATCTOCTRGACTTACCTAA
" Ko™ \-qnlsrtlvlnlrn
41 r"rnt:t"rr.i'rmr-m:mrr.rrr.c.amm'rr.lm mﬂ[rcmﬂftﬁhcﬁ
t aQ 78 0 ﬂrﬁ' in‘rl:.rrl tcm,\{-c;\ur ECTOGECACCTAL rl'tc.\r‘rl.ﬂw-urm |:-r
L | BT LW OTEY B A e ']
167 TOOCEACCTACCTTCAGTOCATGCAACAL CTWTAL(‘TIMM:I'IT AGUAAGAGCE
AT Y Lo C Mg ki EE ¥ & K § Q |:-nmu:‘mmm.amnmmwuw&amnunnmuaurw
I v 5 & ¥ ©
167 au:rarr!:rmuu ra.mmu CTGOTGEC crmw.a::ﬂuna’m\m
A [ M oB L E KT 198 TOGEE CEETOE AGAAGACATEEAATTG
G‘r!:TIQI“iill'Fﬂll(\'a\.
= Trﬂrmnunu.muatmcmmmnsmmmn .! I‘E-T
E KT AN®Y :uGﬂ'rvrr'l Tmmnmammwrunmnuunrrn
£ EY W LMD N YL
487 \n ruwmwudwmcmrmmmmwmtux
A RL AL F VY NS ST AY I FAKDQG 'lllnﬂw(mima'dluM'I'TCCMWM(MTGK(-!H‘HAG
P ANV 1P K T
147 Au Arr‘rru\nu\ur: u‘ruu:l A:.frul L‘Tﬂ'ﬁl:-lld‘t.ﬂ‘d_m‘ll'lﬂrﬂﬁm[
8 | A L ars i:!"l'l'f-(MJLLQGCCTLAWGWI"MHT&MWHYTBLWMf-ﬂlrr
A L Qs
A0T ﬂll"-( "AI 4mwmmu1cumcc ACTCACTUGLOC AN AL
XA L L DS Q9 P T Hh " A L0 aL JTSQWWWWMWTAWAMXMTQ
P TD W AKGQLSGCaPFrLCOW “
467 rr'rc.wr.r.cAt:rmrﬂ“rawnmmaumrmwncuurmtm
g o rL chX 5 49!LTMJ\{.AE“‘!‘TFI‘!:A“:MMcmﬂlrﬂ.&a’cnn:ccwnr:mcrrfru:ua
[ q L <
527 C n.ra c ahcrr&r&unnrmrru-n | At mmnmrrnmrr’rmun.rmar
K'SS§ | M r ase mr.cm;nnamt‘mmcccmlxnl TEATCOTGOCCTUC TOCAACCAGTTCTT
5 1 M P E £ MY IV A C CoNay T
587 ATGTCATCGTECCE TOCTUARCCAGTTETTTUTCTTON marrumﬁix_
HNeF F ¥LDY L1l vmﬁwamaﬁurnccarmwmm
m; ¥ L E R RR b N E
47 OTCTCAGTGAGG
L &%

Fig. 8. Nucleotide and deduced amino acid sequences of two types of cDNAs
encoding the 5-region of mouse choline acetyltransferase. Nucleotide residues
are numbered in the 5’ to 3’ direction starting with the proposed initiation ATG
codon as number 1. Regions common to M and R1-type cDNAs are boxed. An
in-frame termination codon upstream of the initiation ATG is underlined. One
letter amino acid notation is used. Horizontal arrows above sequences indicate
the position of primers used in the construction of the ¢eDNA library and in PCR
analysis.

2. =9 Z ChAT mRNA @ 5 JEBRGAME X CBRGFIK O PCR WY

JLili > reverse primer (Rev-2) & ChAT mRNA O ZFEBUCHFRMI L forward
primer (M-1. M-2. R) %* Fig. 8 i&/RlL7%o =9 XD cDNA library »5R 7 »
P CREIE & /s N1 N2-type cDNA RfGShah-ohH 2o —sfbkLic< v
2D 7 A DNA LD N-type =27 v vicHIX4 28k (Fig. 12, &) % [E&E
L. ChicHIKif972 N primer (5 -GGATCCAGGCTCTATCATCTGAGG-3") % fEmk L 7oo
PCR 7T 25 44 2 vEIWI L. BIIRAUIKD oligonucleotide 7 u—7 & LT
Y7oy 7r4 v TCRIFLAE (Fig. 9o R primer Tit Rl-type mRNA <124
4% 300 bp /¥~ Fofhic, 220 bp (R2). 488 bp (R3). 409 bp (R4) O 3
Aoy E@Bbontc, ChofFrexy FEUDHIL, pUCI8 ¥ 7 27 o —
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=¥ 7 LTHISRNERIE L (Fig. 10)o N primer CTit 2 AD /v FHZ %
SNREDT. HhoDHMRET SRE L (Fig. 10)o R2. N1, N2-type mRNA (2
TOENE | WCRELALT v b ChAT OREFREWEBBI LT WH, R &
Ri-type mRNA 25 » FCREBOLOATVRVWEEBTH > 2. M1 & M-2 primer C
RENEFOTHEIWIRED Y FBEBEHSNIe M-2 primer (2 4 FF (R3. R4
NI & M) @ mRNA ZHWS B2, 8V 7P Vx5, 1T BD ChAT mRNA
@55 Rl-type LIS initiation ATG codon @ L#iic in-frame € stop
codon PHER S Nufz,

BB ICO VT b B 1 MEEBRic, 2BRAULE 3 5O subregion 124}
BTRET LA, DN o FHEWZRAD Y FoasRINEhi,

~

R N M-1 M-2

Fig. 9. PCR amplification of the 5'-region of
choline acetyltransferase mRNA expressed
in mouse spinal cord. Each type of transcript
was amplified for 25 cycles using a specific
forward primer and a common reverse

162 primer (Rev-2). The products were separated
on a 3% agarose gel, and then transferred to a
filter membrane and hybridized with a 32p-
labeled oligonucleotide corresponding to the
common coding region.
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R2
R3
R4
N1
N2

R2
R3
R4
N1
N2

R2
R3

R2
R3
R4
Nl
N2

=110
=378
-299
=328
~139

-38
-288
=227
=288

=99

=38
~-198
~-198
=158
-38

-38
-i08
~-108
-108

~38

-18
-18
~18
=18
-18

3
73
13
73
13

CATAGGCTGATCTG AGCCTGTCGCCTGCAMTCAGGACGCTCAGCGTGTGCAGCCCTCCCGGAAGGAAG - =-~ === === == =nex
CATAGGCTGATCTGTTCAGCCTGTCGCCTGCARMATCAGGACGCTCAGCGTGTGCAGTCCTCCOGGAAGGAAGGTGAGCCTTCCTAAGCCT
CATAGGCTGATCTGTTCAGCCTGTCGCCTGCAAATCAGGACGCTCAGCGTGTGCAGCCCTCCCGGAAGGAAGH et

GATCCAGGCTCTATCATCTGAGGAATGAGANAACAGTTA
ATCCAGGCTCTATCATCTGAGGAATGAGAAAACAGTTA

CTACTGACAGCAAAGC TGCAGAGGCCCTGCTGCGTGAGACCCAGAAGCT TCCACGCCALTYTCAGTCAGTCGGGGCGGC TGUTGGGATCT
CAGTCAGTCGGGGCGGCTGCTGGGATCT

CCCATGGATCTGCCTTTTCTCAGTCATGARAGTTGGAATGGAAAACGGAAGGAAGATTGATYTCAGTCAGTCGGGGCGGETGCTGGGATCT
CCCATGGATCTGCCTTTTCTCAGTCATGARAGTTGGAATGGAAAACGGAAGGAAGATTGAT -

GGCARCTTCOTCGGAGGCTCTGCTACAGRACCTAGGTGGUGGGCCCAACCTCTGOTACTGCTGCCACCCCCTCCCTGGCCCTTCTGGCTC
GGCARCTTCGTCGGAGGCTCTGCTACAGAACCTAGGTGGCGGGCCCAACCTCTGGTACTGCTGCCACCCCCTCCCTGECCCTTCTGGCTC
GGCAACTTCGTCGGAGGCTCTGCTACAGAACCTAGGTGGLGGGCCCAACCTCTGGTACTGCTGCCACCCCCTCCCTGGCCCTTCTGRCTC

TCGGCAGCTCTGCTACTCT
TCGGCAGCTCTGCTACTCT

GGATTAAGAATCGCTAGGATGCCTATCCTGGAAAAGGTCCCCCCARMAGATGCCTGTACAAGCTTCTAGC TGTGAGGAGGTGCTGGACTTA
GGATTAAGAATCGCTAGGATGCCTATCCTGGAARAGG TCCCCCCAAAGATGCCTGTACAAGCTTCTAGCTGTGAGGAGGTGCTGGACTTA
GGATTARGAATCGCTAGGATGCCTATCCTGGAAAAGGTCCCCCCARAAGATGCCTGTACAAGCTTCTAGC TG TGAGGAGGTGCTGGACTTA
GGATTAAGAATCGCTAGGATGCCTATCCTGGAAMAGGTCCCCCCAAAGATGCCTGTACARGCTTCTAGCTGTGAGGAGGTGCTGGACTTA
GGATTARGAATCGCTAGGATGCCTATCCTGGAAMAGGTCCCCCCAMGATGCCTGTACARGCTTCTAGCTGTGAGGAGGTGCTGGACTTA

CCTAAGTTGCCAGTGCCCCCACTGCAGCARACCCTGGC
CCTAAGTTGLCCAGTGCCCCCACTGCAGCARACCOTGGE
CCTAAGTTGCCAGTGCCCCCACTGCAGCAAACCTTGGT
CCTAAGTTGCCAGTGCCCCCACTGCAGCAMACCCTGEC
CCTAAGTTGCCAGTGCCCCCACTGCAGCAAACCCTGGE

Fig. 10. Nucleotide sequences and alignment of choline acetyltransferase
¢DNAs from PCR products. Nucleotide residues are numbered as shown

in Fig. 8. Sequences are aligned with inserted gaps represented by dashes (-).
Identical sequences in each mRNA type are enclosed in boxes.
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3. 9 R ChAT @ 5'fAE QLY /2 4 DNA D7 v —= v 7 L BERY

9 AD% /7 A DNA library 2<% X ChAT cDNA D2 RK%* 7o —74& L TZ
2Y—=v7 L. SHMEEEL 70— (MG35) %27 EcoRI (5 -end)/Hind I
flE (4060 bp) OHIMAH % Fig. 11 IC/”"do ChAT mRNA ORZREHOME L D
HENS 3 »0x 277 v2EFELLESE, R-type =272V v REFhTC0lidh- Kk,
1 ML, S b0/ A DNA LT R-type =7 7 7% N-type x
2D 3.7 kb EFICBELTWAI &5, MG35 ik R-type =2V Y %8B A
TWIRWEEZ 6N D, Fig. 12 i 7 Fid ChAT mRNA &% 7 & DNA & O %
Ao BCOXI VY47 FuOBRIX GT/AG rule®® KEHL TV,
Fig. 11 OKERFICIXPITFO IDNA v 27 b (FRRZOBEREN) BEHS
Lz,

TATA-box Bk AT-rich A% ; -3777~-3768, -2651~-2632
CCAAT-box ; -3613, -2702 (¥f]Z). -1734, 1513, -305, -223
AP1-£5& /% (TGACTCA)*® ** ; -2584

cAMP-BUGHEREH] (TGACGTCA) ** ; 1249

xB &% (NP B-#5& S|, GGGACTTTCC) ™ ; -1785,

Fig. 11. Nucleotide sequences of EcoRI-HindIII (4060 bp) fragment of mouse
choline acetyltransferase gene. A, Restriction maps of the EcoRI-HindIII
region of genomic clone MG35. Open and filled boxes indicate the 5-noncoding
and coding regions of mRNA, respectively. This DNA clone contained N- and
M-type exons, but not R-type exon. B, Nucleotide sequence of the EcoRI-HindIII
region. Nucleotide residues are numbered in the 5’ to 3" direction starting with
the initiation codon (ATG, double underlined) as number 1. Exons are boxed.
Restriction enzyme sites used to construct expression plasmid DNA are
underlined.
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2 = = E = N =
i 22 £dd f3dd ¢
O S | El jode 1| [i
s A aeld
300bps
B
-4014 GAATTCCTTTOCTGGAATCCCTTCTCCOTOACCCETECCAGTCTAACCECETCTCCAAACACACTCGTATTCATTGAGGGAATGGA ATTG

EcoRtl
=314 GOCTCTTGOCAGAGETGTACCGOTGATCACCAACCACCTACTGAGAGCCCCCAAGTACAUTCATGCATCTGTTTGTCCTTCCTGCGGATCTTTCCAGTGE

=3814 CAAACTTGGTCTACTACACCCTGGTGCCTCCGOUCTGAATTAATAAACCATATCTGTCT CCAAGTCTCTTTACTGATOAGGGGTGGGCAGTGT
~3714 GACACAAAACCTAAGCACACTGGOGOTTCACATGTTCAA

TCCTTTACTGCCTGOGAAAAGGAAACAAC
=3814 COCAATCCCCCCCCCCCCCCOACACACACACACACACGATAGTCTCTCCTTTCCAAGCCCAGCTGTAGCACCTORAGGTTCCACCCGAGGGAACCTGAGGA
~3514 TCTGCCTGGOCT AGCTGGCACCAAGGGUTTTCACACAGTGOGACCTCGCCTCATCTTGTCAAGAGAGGAGCACAAGGOAGCTGGTTTCTGCA

-dala mﬁmimﬂﬁﬁhTﬁmmhmﬂn*‘mu.uu-u\.u.ulu.nl\-l TGAGAAAACAGTTACC

~3314 [cammmmcﬂm m#ammummmmut

=3214 ATAGTGGCCGCTCAGGGTTATCCGGGGT T TCCCGCCTTGATTTCCTACCAT CCAGGCTGAAGGCAGTACACTCATTC
=3114 CTGAATCCTGATGCCTGCACATUGGACTCTTTGATTTCAGGGTGAAGAGGCAGTTGOGOTAGGGTAACCTGTGTATGCAGGGGGAAGG TCTGCAGTTGAT
-3014 CTGTGTGTGTGTCCTTGTCTGAGTCTTCTTGTGT

CTTCTTTGAGTCTTTTTGTUTGAGAG
AAGATGGGAGACTACTTTGCCTOGG
=2814 AGGAGTGTCTOTGGGCCTCTCOTTCAGGCTTTAAACAACTCCCACTTACCATCAGAGTOGACCAACTCTGTCOTCTCTTGTCTGCTCCTCCCTTCCCAAA
~2714 CAACCTGCAGOGAATTGGATGGTAAAAGAAAACAAGGE. TCT :acmucmwr?c%%hmunrmnmmm&m

=2014 GTGTGETGOTAGGGGGAGTACTTOTCTGTCTGCCTGECTGTCTGCCTGTCTA

=2814 CAGCCTTGT AAAATTTCTTCTGACTCAAGCACTCCCCAGGGTTCTGCATAAGCAGC TGCC CAGUAGCCGCTOCOATGGGGGAGTATGGGG
-2514 ACTGGGGT AGGCT AATGTTCTGTGCCCCTTTCCAAGGCCTAAGTCTGATGCCAGTGCAGGAACTCATCCGGE
~2414 AAGCTGTCCTAGACAGGTTTTGAGGGCAGAAAACAGGGAAACGCAGGGCAGAGTGTGOOOTAGGGGCAGCAGTGOACTGTGAGGA AG

-2314 GAAA AGGGAAAAAAGAGAAGAGGGGGAGUGA GGG uammm@nmﬂ

CCAACCTCTGGTACTGETGCCACCOCCTCCCTGGLCCTTCTGG

=2114]| CTCACGCAGLCOCCTCCAGCCCTOCTTGGTOTGGAACAGTCCCGOTTCGET AGCCC "‘GCQ*T‘"“ A TGGGCAGCAGTGLGCT
~2014 GCGCTGAAGAGCCC CCCAGGCGTTGTCCCT TGOOOOGGGGCGOAGGOTOOCGOGGCOAGGTGTCCTTCTCC TOTCCACCOAG
~1914 GGACAGCTTCCCAGGCCCAGAGATTCCGGGACGCTCAGAGTCTACAGCGTTCCAGGLACCACTAGTCGTC ATCT TTCT
- 1814 GGGCTGGGAGGGCTTGATTATCAGGGCTTGGGACTTCCCTTATCTTTTCCCATCTTTACTTTTACTTTGCCTGACATCTGCCAATCCCAAGGTETGTOGT
1714 TTTGTCOTOTTGTACCGGGGGCGTTAGTAATATCGETGGGCCTCAGTTTCCTCCAGCCATTCTT TGCTGGCGTTAAGTGCCACATC
-1814 TGCGAGAGAGTGACAGCACTGAGAGCCTGEGAAACCAGAACAGACTGOTGTTGGACC TTCAGGGCAGAGCAGAGGACCCCUAAGTGCCCCCACAAGCOAG
<1514 GOCAATAGAAGCAGAAATGGGAGAGTACCAAACCGCAGAAAGACAAATACATTCAAATTC TCTAAGCCTGGATCAAGA T TGGG

-1414 GTGTGTGGOACAGTGGAATACCGATCAGGATGTCAGATGGCAGGGTCCACTCTCCTCTCCGTTAAGGGCTGGCTAGTGTTTTTCCCTTCCCACTTETGAG
~1314 ATGGCCCAAAAGGAGAATTAGGTGCATAATCOOTACAGCCTTCATTAACTTOACCTTGCCTTGOTTGACCTCACAAGTAATCAACAGAACACCCACATAC
<1214 TCATCCTGCCATTTCTAGGTACAGTGGTCTCTAGGACTATTGTOCTGOGAGTGCACTGTACACGGCCTTTCTATCCTCTCTGTTCAGTGGGACCAGGCAT
<1114 GCACCAACTCTTCTAGTCTTAGGTCTGCTTCTTCCTCCTTETGGATOGTCTCTCOCOCGAACCAAGTOAGCCTTATGCCAGCACCTGOCTGCTOCTGOTG
-1014 CTGCTGCTGCTOCTGCTGOTGOTCE TOGTOOTOOTGGTGETGE TGO TGATCCTGUTGGTHETGGCCCAACAGGTTCAATGTAGCTTTAGGCTETTUAGGG
“B14 CTAATAAAGGGAGGTTOGTTOAAATCTTGACTGTACATGTATGCAGGTTTTGGTTTAGTGGGGCAGAGGGTUTATCCTACAAMACTGGCCTGTGTCCTTA
-814 GCTTAGCTTATTTCTAGTGCACCTTCCAAATTAATCTGCCTTTCCTAAGGCTGTCAGGAGACTCTAGAGGECCTGACTACCTOCTCCCCAGAAGGTATCA
-714 TGCCCTTCCGTAGTTCCCTCATACCCAACCTTOGAGCETGCTGCCCATAGACTACCCAAGTTAACACTCTUCTAACAGACCCAGAGTCCTCAAGAAGECE
-814 CGAATATCACCCAGAGTACAGGCCTTAGAATACTTOTGOGCATTCAAGCACACTCTCATTATACATACACATACACACACAGGGTTGGGCAGCTTTCTGA
-514 ACTCACGTGCCCTCTACTCTATACCTGACCCAAGCCAGGCATCTGAGAGOGAAATCTGAACCCAGCAGATATAGTTTTGCACTTGAGAGCTACAGACTTG

=414 GGGGAAA TTGATATTGAGTTCCAGGCAAACCAAGGTGCTCTAGTCCTCTGATCCCAGAAATCTGOOAGTGTGCAACCAGEC
-314 CAGCTCCTCCCAATGCATCCTGGAATGCTCAGETAGCCTTGGGTCATAGCAGCTTCA AAGGCAGACCCAATCTCT
~214 CCCTCTGOATTI TACACTGT GGAACACAGGGC TGAGATGGCAGTCATAGAGGCGCAGAGTTCCCTACACACTACTGTCAGTG

=114 mmmmmunmnmmnmmmmmwnmﬂcccatmccammmamﬂ

. CTGGAAAAGGTC AAAGATGCCTGTAC I
14| TAAGAATCGCTAGCATGCCTATO ceCce. TG m
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Fig. 12. Schematic diagram showing the splicing patterns of multiple choline
acetyltransferase mRNA species from mouse spinal cord. Open and filled
boxes indicate the 5'-noncoding and coding regions, respectively. Since R-type
exon was not found in MG35 clone, it is positioned based on analogy to the rat
choline acetyltransferase gene (Fig. 7).

_24_

4. =% A ChAT mRNA @ 5 -RACE R#H7

M-type =7 ¥ »% &% 4 #i¥i®O ChAT nRNA (R3. RA. N1 & M) ©®3 B, &h
BRLERCRKBLTWS % 5 -RACE CRITL (Fig. 13)o =9 2O
poly(A)'RNA #» & RACE-1 primer C first strand cDNA %K L. 5 K¥iic
dC-tail (15~20 bp) %M L 7o second strand cDNA & (dG)..-adaptor %]
WTAK LT D cDNA % adaptor & RACE-2 primer (RACE-1 primer @ Lifi
4 %) 2\ PCR ECTHIML . BRABCHML. DNA ZF 4027 4
Wy —~BirL **P T3<nmL7 RACE-3 THA T Y FAXLIEIH 130 bp
(band-1) & 90 bp (band-2) @ 2 AD ¥ FHERIMEN L (Fig. 138)o T D
2 Aoy FEVIDHL pUCI8 iKY 7o a—=v S Ltce aB==NnALT) 54
¥— g YT band-1 2 8 Zwu—, band-2 % § 7 u—r{C, HWEEY %R
E L7 (Fig. 13B)o band-2 D607 v — Y@ $XTRT 54 X IPLLOFHij TH
FLCWrds, band-1 D507 u—YRBRT 54 ZBHERT 54 AEFICEL
%5 M-type mRNA Tdh - 70

A B

Band-1 Band-2

L &
240 TC GéGAGAGGTGTGGCTGGTTTGC TTGCAG TC’GTC’GT CGGGGCGGCTGCTGGGATCTG
'y -
RACE-3

220 GCAACTTCGTCGGAGGCTCTGCTACAGAACCTAGGTGGCGGGCCCAACCTCTGGTACTGC

RACE-2 RACE-1

Fig. 13. 5-RACE analysis of choline acetyltransferase mRNA species
containing M-type exon. A, Poly(A)* RNA from the mouse spinal cord was
reverse transcribed with a primer (RACE-1), and PCR amplification was
performed with the second primer (RACE-2). The product was separated on a
3% agarose gel, blotted on a filter membrane and hybridized with the 32p.
labeled third primer (RACE-3). B, Identification of sequences of the 5-end of
5'-RACE products. The filled circles indicate the position of the 5’-ends of RACE
clones, and the open circle shows the 5-end of cloned M-type ¢cDNA (Fig. 8). The
filled triangle indicates the splicing site within M-type exon (Fig. 11).
Horizontal arrows indicate the position of primers used. Nucleotide residues
are numbered as shown in Fig. 11.
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EoE

2o 2B S 5 HBREAKRORIL S 7 Fid ChAT mRNA ZEIE Lo CO D
B 5 FiixT o FHMCREIE L7 ChAT mRNA &6 UREBUCIR L C Wi hs, Fific
R3. Ri-type mRNA %2370 '/ & DNA OS2V VA v ruHilEE
2754 v /BARTI9ZRES 9 PTREFLV EHBHMIL 12,

R1-type mRNA EI# 4L initiation ATG codon @ L#fiic in-frame T stop
codon MR &N/, Rl-type mRNA @ initiation ATG codon &HERE & 42 i
OLERICESIKA—T VNV —F 4 I 7v—LBHEETI22ELRSEORIH
MThH b,

7 fi®> ChAT mRNA @ 5 5 M-type nRNA B GEZMICHBLTCVWE T EREUTF
DRIAPSYWSHTH S0

1. LA 21 2u—vD55 19 Z7u—ris Mtype T2V YE2ZATH
oo COHH 4 7 m— i3 M-type cDNA TH Y, DX M-type =27V
YHN®D R3. RA. N1 BLU M-type mRNA It OfMBNTEIEL TV
(Fig. 8)o

2. M-type =7 7V »% &L ChAT mRNA © 5 -RACE WITT 2 KD EEI /v
FAR@ o, 1 Aid M-type mRNA (A4 L., iz X 75 14 ¥ » 7 ¥ {I
DOFRITEIEL T, (Fig. 13)o

3. M-type mRNA IC#IXd 5 PCR EEVIO ¥ 7+ Al & 7 wiclb X T b
w1 (Fig. 9o

%7 & DNA @ EcoR I /Hindll $BKICE D DNA = L 2 ¥ b BB O OGN, &
hoBEBICBELTW G2 2ot diedbicR . vE—2 —liTFEH
Wie DNA PS5 YR 720 v a VERBRERCLIEZMEDBNETH 2, F 2 BB LU
$ 3 Wicw YR ChAT B FOREMITICS WTidd,
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35

=51 e s7INF5

Sy bBEHNS 5 H, vO9ZXAFHI»S T HO SIIEBMRARORILS ChAT
nRNA %2 [E5E U oo

¥ 7 5 DNA OEYr» 5. LEid® ChAT mRNA 2 3 i 7 v ®— % — ffil&k
PODUEMEE. AT 734y VORI L DEAT D EBHIPL
=5

. D ChAT mRNA 3 THDO S B, 7 » FBLU =9 ZDOHFHM T M-type mRNA

g b ZRICFKEBLL TV,
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== 2 e
Y 7 FVEBMERETO T vEe— 9 — ik
BLUx Y — RO EE

1 BECBOVT ChAT =T icid 3 0T nE— 9 —HLBEET A&
ERRLEDS, COEEBICHEHT 2D DN P52 722 v vERER
LB/ A DNA ODBRIERFTBHLETHS.5 /7 4 DN OFfHcvE—2 —#liET
ZORE BEMEZALTCTeE—2 -z vy —EHEZRIEL o, 3%
Mk Y YEBEPL7 Fvr ) YEBHELRE, RBVORLB23FEEN
neuroblastoma DSRJHAIfE/E <Y XD cell line ZHWV., =9 XD ChAT M= T
% BT L 7o
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1
NS20Y & L O NG108-15 CHBIL T\ 35 ChAT mRNA O #EdT

29 ZHI¥ T ChAT ZH#BlL TW5 neuroblastoma cell line (NS20Y) &
neuroblastoma & glioma hybrid cell line (NG108-15) @ ChAT mRNA % / —

v7uay k& PCR THMHFL o

KBS ik

1. 21— 7oy gl

HRMMKA D & guanidium thiocyanate #:C total RNA %l L7ze 20 g @
total RNA % 1% formaldehyde-agarose gel THE&k. + 1 vy 7 109 —~F
fiLlc.7vng 7Y ¥4 €E—va i3 50% formamide, 1 M NaCl, 10% dextran
sulfate. 1% SDS B LT 150 u g/ml sonicated salmon sperm DNA Z ST HE
T 42 °C, 2 h fT»72o LBE#IIC *?P T35 <L mouse ChAT cDNA D2 f
%2 5 x 10° cpn/ml OME LR BZPRICMA, 42 CT—BNA TV I A E—¥ 35 ~
Lo €EO%7 45 —i% 2 x SSC TER T, B 2 BIFd0Eob, 1% SDS
88 0.2 x SSC f1C 60 °C. 30 min HH L. X7 4 VAREEL o

2. PCR ¥ ¥ T ay kRN
W1 2 WEEBROHEEM VT,

ERAS R

NS20Y & NG108-15 @ ChAT mRNA %2/ —¥ ¥ 7o, FCRIFLALEZ A, ¥5
SO 4.0 kb © 1| Aoy FERHENE (Fig. 140). Chit=w 9 XD
Ofiis LUK TRIBEN S ChAT nRNA ERILRETHE LY, ¥ 7 F it
NS20Y @485k < . ChAT iEtkoiia ML T (%),

PCR &9 ¥ 7oy FEHFCI, 3 | MWH 2 /KL 7 D ChAT mRNA
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DS L, M-type mRNA @ AR &EH, hOoFEB XM TCH -7 (Fig. 14B)o

¥

DNA b5 YR 7 =7 a YERETOWIIC, 428803 /EBHREM
fakCHBIL T 5 ChAT mRNA O BT Z{T oo / —F Y T oy b CREGP
LRI 4.0 kb @Y FHRRIBE N, PCR hic k2 25 MO TR 7 Mo
ChAT mRNA © 5 5 M-type mRNA O A RRHia ., MRRHBRALFCH - 1co &
fii> poly(A)'RNA 2V & &t W USRMT 7 Fid ChAT mRNA @3 X TR
HEhto & (Fig. 9) %% 5L, NS20Y & NG108-15 Tt M-type mRNAD
R BbOBRICE~THEHNIEEWEEIZ SN S, CORH, ChsDa Y ¥
YE I iX R-type mRNA % N-type mRNA DO #zE DT ic 3 AL & CTdh % b3,
M-type mRNA OERFIICRAHBREFNVTH DL EFZA T,

A B

|
Cugin— NS20Y NG108-15
TR I 23 &

L

A= 365 — e o
5= 305 L

%
|
.

s 9
Fig. 14. Northern blot and PCR analysis of choline acetyltransferase mRNA
expressed in cholinergic cell lines. A, Total RNAs (20 pg) prepared from
NS20Y (lane 1) and NG108-15 (lane 2) cells were separated on a 1%
formaldehyde-agarose gel, blotted on a filter membrane and hybridized with
the 32P-1abeled mouse choline acetyltransferase cDNA. B, Poly(A)*RNAs
from the cells were analyzed by PCR with the specific forward primers and the
common reverse primer. Primers used were; R (lane 1), N (lane 2), M-1 (lane
3), and M-2 (lane 4). The lengths of hybridization bands are shown on the left in

bp. For autoradiography of NG108-15, a three times longer exposure was
required compared to that for NS20Y cells.
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2R
DNA b5 ¥R 722 a3 vikick? ChAT @ § &5 FifAE o M by

1A 2% C/2u—=v7LEk<9X ChAT @ S'fBZESL Y /7 & DNA
L E—9—BETFELTI2uS3 a7 2=a0— 07T VIEEBBER (CAT) #E{ET
EoRE, ABRP | STHK LA 2 o) yEBHEMKae. ftho et e
MBI EALTHY 2 5 DN O T 0 E— 9 —iGEHEMIT L1,

KA

1. #8175 R 3 FoOERk

pSVZCAT?*** ® HindM /BamH I (CAT unit. 1651 bp) % Bluescript SK-
(Stratagene) @ HindM /BamH 1 site IKHlARAAR (pBlueCAT)o SV40 @
poly(A)"ftms 7+ & (135 bp.Hpal /Bamii 1) % pSV2CAT & 5 ¥) b H L EREAR
Btz LC. pBlueCAT @ Kpnl site (EHtARNGIL) Ml AAA K (pBlueOCAT)o
Insert D& REURETNic LW HEZ L. v9XD5 /7 & DNA 7 v —~ (MG35)
® EcoR 1 (CE#ANAE) /Hindll (4054 bp) % pBlueOCAT @ Hincll /HindM
site ICHIAAA Z A, $WT Hindll TYIM L. FHRARRIEEKIC Xba linker
(5" =CTCTAGAG-3") %4fi A L 7= (pBlueOEHCAT)s T @ construct (X ChAT @
initiation ATG codon ® F#fiic inframe T stop codon (TAG) %AW d 5 &
T. LE—2— (CAT) 2 ¥ 2 BOBRBEEIFD ATC codon ol 2kic L
t-bDTH b, pBlueOEHCAT A 5 Xhol /Tth1l11 & Xhol/Pst1 ZUIDID ¥
WA L#ic self-ligation L. #HZ4 pBlueOTHCAT & pBlueOPHCAT %37,
pBlueOTTCAT D {ERK (2 MG35 @ Tth111 1 /TthHB8 I % F#f AN L L. pBlueOCAT
D Clal site 2 FEHAMLL THBAAL, ELED CAT FEBl~<72 7 — OfFIkIC
AL - BIR#FE# site % Fig. 11B IK/RL %o

2. BB EDNALF S YR 7222 V3 ¥
Wiz 10% fetal calf serum 2L v~y a4 — 7 V3% (DMEM) T
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87 °C. 1% CO, fFAE FTHEF Lo 7oL NIN3TS 2 fetal bovine serum DfX
HHic 10% bovine calf serum %M. NG108-15 (X 1 x HAT #& (100 uM
hypoxanthine. 0.4 zM aminopterine. 16z M thymidine) %ZiBMM U 7o DNA F 5
YR7 27 va @Y YBANY Y LK TV, 6-cn dish (5 x 10°cells)
HTh 5 pug @ CAT #Bl7 5 X 3 F. 4 ug @ carrier DNA (Bluescript) &
1 #g @ internal control 73 2 ¥ F (pactB-gal®®) MW7, DNA ZMX
fo A EEIC 7Y o - a o 2%V, 60 63-66 h KL Lo MK
FL7c0 B, 150 g1 @ 250 oM Tris-Cl(pH 8.0) ¢k CHRL £o

8. HEERERIEHE O HE

B-#57 bFv%—¥iE¥IX 0-nitrophenyl-8 -D-galactopyranoside %M &
LTHIFELA* o CAT #&#E42 [1-"*C] chloramphenicol (57 mCi/mmol) %235
&L, 5-20 pg @ 27 TWT 37 °C. 30 min RIE& " | 7 F MELEVI
TLC T4l Lo BUNIGE#E Xl 12 Ambis Radioanalytic Imaging System %
HIWTHIE UAos ChAT #&#Ei2 Fonnum B H* i X D #lIE L o

KBRS R

1. 2 ) YEBHEMKITO M-type mRNA 7 0 € — & — DT
DNA P35 ¥R T7 P a3 vDic®HDX27 #2—& LT Bluscript @ nmultiple

cloning site i CAT unit ZHFA L7 (pBlueCAT)o <D ~<7 % — %M ICHA
L CAT iGHEZBE LIcdS, 79 2 75 Y FOERENBRL, 7o € — 7 —iGHoFF
i TH - 7o €T CAT unit @ LRI poly(A) iy 7+ VEHFAL
EC A (pBlueOCAT) 7t 2 2 75 ¥ FOEBR 1X DIF &R oo BHEiY 2 AN
Fit, T poly(A)" i~ 7+ v & CAT unit ORJIcFHFAL & (Fig 15)o £
Fa47avibo—n&LTHO pSV2CAT OFEBLIX. NS20Y & NG108-15 B W
Txh L4 3.20 & 1.06% substrate acetylation/u g protein/30 min T -
fzo EcoR 1 /HindIl §AlE% 5L pBlueOEHCAT Ri oM CEHVWTvE—9 —iF
%78 Lo pBlueOEHCAT @ -4060 2» & -2752 (EcoR 1 /Tthil11) %KL& ¢
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7-W§  (pBlueOTHCAT) . 7w € — % —iffkix NS20Y € 1.7 f§. NG108-15 T 1.9
EoRmbBME Iz, CORIRX, BcoR1 /Tthilll ¥ T v y¥—x L i Y
PRELETED, BLLREELZFHHIMELOMBERES S LERLTV S,
X5 -1823 bp (Pst1) F CRESE B (pBlueOPHCAT), /' v € — 9 — itk id
Wy 2753y FLrxuTCETFLE. £/, M-type =2 7 ¥ Efi®d TATA-box #k
ORFE &L -2751 H 5 -2259 bp (Tth111 1 /TthHB8 1) FlE% A L 7B
(pBlueOTTCAT) . il 7o ®— 9 —iSESNZH St

PLED S, Tthill I /TthiB8 I ic 7 2 €— % —MSELEL . TthiBs I /Hindll i<
Ty —RiEHNES B EBRENT,

€ vty =2 = 5
S8 B3z E5 e
S Y et - W+ NsY — NGI08-15

pBlueOEHCAT = ] 9 518
pBlucOTHCAT [ = | 15 962
pBlueOPHCAT E——— 1 22
pBluecOTTCAT I:I 4 186
pBlueOCAT No - Insent 2 27
pSV2CAT SV40 Promoter & Enhancer 100 100

Fig. 15. Transient CAT assay in cholinergic cell lines. The structure and
restriction enzyme sites of the 5’- noncoding and coding regions are the same as
those shown in Fig. 11. The open boxes indicate the regions of choline
acetyltransferase gene inserted into the CAT expression plasmid. CAT activity
is given as a percentage of that in the cells transfected with pSV2CAT. Duplicate
transfections were performed in each experiment, and the values are the means
of two independent experiments.

2. LiE—%— (CAT) mRNA @ PCR f¥#¥r

F3¥R7x22vav L DN OBESHBNCIELLfTbhTWIhELE
PCR ZEZMWVWTHHT L (Fig. 16).

KBS 53R FEBALLMEDS S total RNA ZHiHi L. CAT OBRMEL (+20
~ +41) IHIBiMI7S reverse primer & M-type =7 7 YN (Fig. 8. M-1) &L
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Ci2 M-type 7o E€—% —® TATA-box BREEF @D i@ forward primer Z MW
T PCR B CHIMEL. Yy T oy F 4T %iTotco Mtype T2V YHOD

primer %MW/ B§ic, pBlueOEHCAT & pBlueOTHCAT ZEA LA TCIEL WX
T34y 7220 REICHYTS 384 bp O FBBH LN, — 4., L
MO primer ZHVWARICERWTFhofiliTcb v FERIB&EhTEL-os O
R, P32 7227 370U DNA DEED M-type TuE—9—hothF
D, DOoBEEYIBIELL AT 54722 TWEI EERLTVWS,

B - = i 123 456
o = B E
>8 % 5 5 7R : g
£a 3 N o v
AN } - .
N-type Exon  M-type Exon g£$£fm Ifi—= @
r = MRNA
e - PCR
- == PCR

Fig. 16. PCR analysis of CAT transcripts in NG108-15 cells.

RNAs from NG108-15 cells transfected with pBlueOEHCAT (lanes 1 and 2),
pBlueOTHCAT (lanes 3 and 4), and pBlueOPHCAT (lanes 5 and 6) were
analyzed by PCR. The reverse primer was complementary to the coding region
of the CAT gene. The forward primers were selected from the most 5-end of M-
type exon (M-1in Fig. 8, lanes 1, 3 and 5), as well as the 22-mer oligonucleotide
(§’-CTTACTGTGGCCAACCAACTCC) located immediately upstream of the
TATA box-like sequence (lanes 2, 4 and 6). The products were separated on

a 2.5% agarose gel and analyzed by Southern hybridization as in Fig. 9.

3. BEBEMEH N T v € — 5 — GO MY

EcoR I /Hind Wl FABKIC ChAT O FIEMIIA4 SR RBIZME ST 5 DNA =L 2 ¥ b
BEEFNTVWEI0EDPERITT 50, Table 1| R LA =9 2 HEDOKMIZE
fifdic pBlueOEHCAT & pBlueOTTCAT Z2B|A L. CAT &ML HE L 2o F A5
B WNLEYE ChAT iEHE S HUE L1 (Table 1)o #¥F 4 73 v bu—ABLU%
Hra47arbo—-—nELT, THEh pSVICAT & pBlueOCAT %\ 1o
pSV2CAT 9 <~ TOMBI TR VWHBISA SNt pBlucOEHCAT O FEBLiE NG108-15
TH#< . NS20Y & N18TG1 CHRECRB L ABIEMEHAHCORBIR /Sy 2 7
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77 FERIREETH - oo pBlueOTTCAT (X pBlueOEHCAT I~ % ERBE ML D
BECRBb00, § HOMEBXOMECRAEMBIRBALRNE L, —H.Ch
SOMEMMICEOT, vE—2 — (CAT) W&tk L NFEME ChAT #5H: & OHIBY I3
bohish -t

CAT Activity (% of pSY2CAT) Choline Acetyltransferase
Cell Lines Origin Ac!.ivi‘)*_ :
pBlueOCAT | pBlueOEHCAT | pBlueOTTCAT | (pmol/mg protein/min)
NS20Y Neuroblastoma 2 10 5 262
Neuroblastoma
NG108-15 | g % 499 220 188
N18TGI1 Neuroblastoma 5 19 15 12
Connective
L Cells e 3 4 3 <1
Balb/3T3 Embryo <1 7 1 <1
NIH/3T3 Embryo 2 2 1 <l

Table 1. Transient expression of CAT activity and intrinsic choline
acetyltransferase activity in various cell lines.

Eg

B 1EE L BEALAETY X0 ChAT Bz @ 5 HUHOHERYIT N X
U M-type =7 v ¥ EHfiic TATA-box BROKEFIBZH Shtc, TuwE—9 -0
GEXHECEWUT A2 bIcR . vE -7 —BIZFEHVS DN P53 YR 727
va vgEbEME#ZRWS in-vitro transcription assay X %475 MLEH
Hbo HHWX NEH ChaT iEHESKRIBXT S neuroblastoma cell (NS20Y) &
neuroblastoma & glioma hybrid cell (NG108-15) %\, DNA F 53 ¥ X 7 = 7
YavikTrsu—v{LLE ChAT OF / A0 7o ®— 5 —iftEo R 2 A
oo FFCHSOHMETD ChAT nRNA DOEERRREF <72 & T 5. M-type nRNA
OFEBIEMI i< . hORBRWMIGTH > oo - T ERLOMIMIIE M-type
mRNA DT wE— 9 — 2T T2 LCRAMTHES L EL . KB AR T
N-type =27V ¥ i@ TATA-box 2 SUMOKRER T o€ — 7 —iEE2Nk X
BRLIHD, CLATnE—F —iEfk @O, CORR, FHOHVL
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2 Boa ) YEBHMIATIE N-type nRNA O T nE— 27— BB EAEREL TV
BWIEEZRLTWS, BIEETOE T A, M-type LIA D ChAT mRNA &3 FHi %
EECRB T 2RI A SO TVIEV,

EHIXINA P53 YR 722 vaVHEiIRED, M-type nRNA O T u €— 9 —%
Tth111 1 /TthHB8 I FRCEE Lice F . COMKO T oE— 2 -G X i
i M-type T2V YBEXUA A Y bayPoBB->THEAELTWS E &M
fro COREE L TR, @ TthiB8 I /Hindll flficx ¥ A4 —x L2 ¥ b BF
tHd5. @ native Bz 27 v—4 v b BEBPHEO L WEEEHKBCHLET
b2, 0 2 >OufEEBEL SN S, TthiB I /Hindll fAKOEERM 2 H =
ZLREGBROBERBETCHLLEELX SN D,

ABOERR, ¥FED 7o —=r 7 L1 ChAT Bz FO 5 FKICid ChAT Off
Bk coBRNREBEEBET 2HAFrSEATVEIEEZRLTVWS, LIL.
M coNEYE ChAT M TORBE LIS YR 72 va v LicvE—2
— BT (CAT) oRBEoficRMBsEsnlhbot COFERIBI7 v — 1L
L7 ffil%k (EcoR 1 /HindMl) iZix ChAT OMBEHRNRBEHET sz A v ik
FHET B0, 2) YO RARBEZHEET Iz VA Y PREELAV I L Z
RLTLWEOh LNV, b2VRIOFKICRa Y Y EFEEASRMOERZH
ET ATV A P PEBICREET 20, S CONELE ChAT EHEL TN
FLADT7 72 94— (BETFHBEOERBE) KIXhRESHTVWERD, Ah
M ERE DD EXBILbTED, WFNiKE X, S35KHE(OD
AP S v 2P 2=y 229 A HVEMITICE D, ChAT @ 3 Y A EBPESY
RORBOA D =X LBPSHICHE EBWFFTE S,
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22 em shES

D2 FiBooy ETEEGE (NS20Y & NG108-15) X M-type mRNA % fih o Fi ¥

ICHAEHOIZ B LTWS 28, M-type nRNA O T v € — 4 — %4
5-b0HFHABREFNTH D,

. 9 RO ChAT #fnFD Tthi1l I /TthEB8 I &fbEic M-type mRNA @ 7 o € —

g —%EE LI, £/, TthHB8 I /HindMl #Hlkic = ¥~ 4 —BRiGHE%ZZ 0 12,

. M-type nRNA D 70 E— 9 —B XU ZFDOFHD A ~ F o »icid ChAT @ RliFEH

Rags M FER % BIE 4 2 Wik d 5 S EBHWL oo
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2 3 e
Y4270y AP LD Y YT & F VERBERERR T O RGN

H4 7Y 97 AMP (cAMP) FHEBIEPLHIMINO cAMP MEZINE € 2 {HEY
7% neuroblastoma cell PYPMUITHAEMIID ChAT WEHEXRIME ¥ 5 T E XA
ShTWa 3030 UL ZO ChAT i oRImAs, ChAT B TFOERE LV
SNV TOMMIc L2 bDh, ChAT 2 ¥ s 2 0 ) YyE{LFoBMREEMicX 5 b
Dip, TDAN=ZXARWPHSHTRIT WV,

1AM 2 WKLY 2D ChAT #ifa T Licid cAMP BUGHEx v 2 7 b
(CRE) =BIlOoR BB ohtc, £ 2 THEHIX NGI08-15 ZHWV. 2 v — (L
L7 ChAT #ifz F@ cAMP BUGHEZRRAT L 720

K8 ik

PCR &9 7oy RIS 1 &2 2 fiic, 7—F 7oy bR
B2 AE 1 Sic, HIKIERELRBS 5 2 Y FOEKRS L OSRELIEYE o fllE
1% 2 8% 2 ScEhFhid LAk L .

DNA F 5 YA 7227 3 7% b6-cm dish (5 x 10°cells) LD 2 ug @
CAT #8175 2 3 F& 8 pg ® carrier DNA (Blueseript) ZHIW ., 2 2 &Kitf
! WOKHHETIH ofco YV Em—Nya v 70 15 h Ric, AR UEHE
MEBRMLTE S 48 h HFEH/L 7o

Stable cell line DX, Sac1 TUJMT L/ pBlueOEHCAT 12.5 ug &
pSVZneo 2.5u g &% co-transfection L., ZV o —n 3 9 7® 48 h Hic
Ml ZED. 1 ng/nl D G418 EZLRIMICRB L T 10-cn dish KEFS@HEL ko
2 B OFEFEOHEIC GA18-resistant W o w=—%FIN L &,

_33_

KB R

1. Dibutyryl cAMP (DBcAMP) (=X % NG108-15 @ ChAT mRNA @3¢/

DBcAMP (5 mM: T KB IC K & i EE) (FAEFBLTHGFHEFT 48 h K8
L7 NG108-15 225 total RNA ZHiHi L. ChAT ORBR%E/ —H v Ta y 74 v
7 CHBr L7 (Fig. 1T)o 4.0 kb @ ChAT mRNA @ > 74 i3 DBcAMP BS5 i &
DE 2 L, FRdicaRT@lD, CoORMORBERE USRHFCTRIEL -4
Ko ChAT iEtEOWMOBE LR R LTV,

DBcAMP JEFF{F F. 94 + 6 pmol/mg protein/min (n=3)

DBcAMP fFF#E F. 177 + 5 pmol/mg protein/min (n=3)

DBcAMP-
treatment -
Origin —
== v
75— !' Fig. 17. Northern blot analysis.
48 Total RNA (20 pg) prepared from NG108-15 cells cultured
“ for 48 h in the absence (-) or presence (+) of 5 mM DBcAMP

24— was separated on a 1% formaldehyde-agarose gel, blotted

on a filter membrane and hybridized with the 32P-labeled

14 — mouse choline acetyltransferase cDNA.

2. DBcAMP THIMI$ % ChAT mRNA 4 FFio> PCR fE#T

B 01 WSS 2 SR L7 7 FED ChAT mRNA @ 9 5, DBeAMP 5 CE D4 T
DG BYNT 5 0h% PCR i CHMBT L7 (Fig. 18AB). DBcAMP JEfELE FTid
W2 W1 WoRREEERIC . M-type mRNA DB KR & ufc, DBcAMP (5 mM)
B5ic kD M-type mRNA @ iE . R1. R2. N2-type mRNA bR & o s, FH
i M-type mRNA 2SI & 9id - /oo C DFSRIIE. NG108-15 (B W Tid DBeAMP @
GE. HGEECLIPDST, M-type mRNA BB GBI BEFEIhTWE I %
ALTWVW3,
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A B

= = E =
DBcAMP- - + = -;_; = = 2
treatment ] m e o
203 1is 3 Bt »
Ly i ' e
1 Vid " SN s ¥

LI [RS8 | [
(M) 365 { Vi (R ] {
R1) 300 = = . S bt !

(N2) 249 ~— :. AR

11
®2 220 7 R2 W

- Nt exon M exon Neterminal
R vee L coding eson

Fig. 18. PCR amplification of the 5'-region of choline acetyltransferase

mRNA. Total RNA from NG108-15 cells cultured in the absence (-) or

presence (+) of 5 mM DBcAMP was PCR-amplified for 25 cycles using specific
forward primers and a common reverse primer. The products were separated
on a 3% agarose gel, and transferred to a filter membrane and hybridized with a

32p._1abeled oligonucleotide. Specific primers used were selected from R-type
exon (lane 1), N-type exon (lane 2) and M-type exon (lane 3). The length of
hybridization bands are shown on the left in bp with the type of mRNA in
parentheses. B, Splicing patterns of choline acetyltransferase mRNA species
detected in the PCR analysis. Open and filled boxes indicate the 5-noncoding
exons and the N-terminal coding exon, respectively. Positions of the specific
primers are shown by asterisks.

3. DNA F5 YR 7 =22 a3 vikickd ChAT 7/ & DNA © cAMP RUSHE O K&
B2 AW 2 WCRLAETYZ @ ChAT #ife 7@ EcoR I /HindIl fikk o Fif
IC CAT unit 228 W75 R I F (pBlueOEHCAT) % NG108-15 & L cell i b
7YR7 27 vav L, cAMP FHREOBEICLY VE— 7 — iz T ORIAHM
TEDLEPERI Lo EcoR 1 /Hindll SABKICIE CRE HIEIOKS] (TGACCTCA)
B M-type 77 YD FRICMLET H54 v bovic@vohnk B 18
% 2 T)o pBIucOBHCAT %2 b5 Y 27 227 ¥ 3 ¥ Lo R HIZMic DBcAMP.
8-Bromo cAMP (8-BrcAMP) # /(% prostaglandin E. + theophylline Z A
48 h i CAT #WE#EZMME L/ (Table 2)o 2 2 & 2 Ficid LAilih . cAMP
BGERIEETFICBIT S pBlucOEHCAT OFEBLIX L cell it~ NG108-15 T #
50 {5 /1 TH > 7o DBcANP BeS5 RV HE — 72—l TFORBEZMFIC (H 10 %)

._40_

a2 h, 8-BreAMP BREICMECBVWTH 2 B LRSS LE T ER D T,
DBCAMP (X MM Z & U 7- © LRI T4 L C butyrate 2S5 & &A1
LhTWB* , 4. sodium butyrate BT L ¥ — 2 —fifzTFORBEH

A fEcimU 2, C ORI DBeAMP ORISR AS cAMP & butyrate OHIMZY
WehbdboEZprLTWS, —J., prostaglandin E; + theophylline ¥t i24i
KN cAMP #IE% FH &€, NG108-15 EHifhe D v+ 7 REKREF L i
THEIEBPFISNTWVWS®™ , prostaglandin B, + theophylline #4512
vehicle IV F— 7 —HBn FOHEBLEZ 2 S €,

LLoEWIE L cell KBOLWTOHYTH >7 (Table 2)o C DFERIZ. + 5
Y2V MBI IRZ 27 v a YRETTR. NEHKEO ChAT ZRB L VHIKE
EBLWTH. ADSTALL ChAT MR TORE % cAMP DBRELEL I 5 &%&27R
LTW3, COMB LI Y1y kRHRTO cANP OFHHER. V2 FrRX 9 F
BIETR. Fo vy KMIEBBEBRETRETORENLTVS? Y,

Kic. BcoR 1 /Hindll #ilKD 5 B cAMP SUGHIC iR EQFIRBHLIATH 2%
WA KE L7 572 3 FEOWTKRI Lo pBlueOEHCAT. pBlueOTHCAT ¥ X
¥ pBlueOTTCAT @ 38D 7 5 R £ F% NG108-15 (A L. DBcAMP HFHEF. JF
{F(EFCHEAE L CAT iGtE% B LA (Fig. 19)o pBlucOEHCAT & pBlueOTHCATIZ
DBcAMP ik h EhEh 10.9 f5& 8.3 {EICHBINMAL oo —75. pBlueOTTCAT
Tit 3.6 {0 LRBHEEh i, chid butyrate ic k3 X (3.9 {%.
Table 2) &[EIRBRBETH - 7o

CAT Activity (fold-increase)

Drug (conc.) NG108-15 L cell

DBcAMP (1 mM) 6.0+0.2 -

DBcAMP (5 mM) 10.1 £0.6 32404

8-BrcAMP (1. mM) 20105 : Table 2. Effects of cAMP
8-BrcAMP (5 mM) 23+0.2 23103 derivatives, sodium butyrate,
Sodium Butyrate (10mM) 3.9+04 13401 and prostaglandin E; plus
Vehicle (0.4 % Ethanol) 1.340.1 13£0.1 theophylline on transient
Prostaglandin E1 (4 uM) & expression of pBlueOEHCAT.
Theophylline (1 mM) 26101 31204 Values are the mean fold

increase + SEM (n=3).
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CAT Activity
(% conversion/ug protein/30min)
DBcAMP (5 mM)

TthHBSI
HindIll
CAT

Tthlill

Poly(A)
7} Signal
—EcoR|

Netype Exon  M-type Exon t‘t:-;;r:rg‘lm — o
pBlucOEHCAT [ =] 2.1+04 228+25
pBlueOTHCAT L | 26104 215+£54
pBlucOTTCAT = 0.5%0.1 1.8 £0.1

Fig. 19. Transient CAT assay using partially deleted DNA constructs.

The open boxes indicate the region of choline acetyltransferase gene inserted
into the CAT expression plasmid. Transient transfection and treatment with
DBcAMP were conducted. CAT activity was analyzed 48 h after the addition of
5 mM DBcAMP and is given as mean + SEM (n=3).

4. stable cell line T® DBcAMP Btk o #at

EcoR I /Hind Ml FAKKIC NLEYE ChAT S&{xF @ cAMP KIGHEEBIE S 20 i< +4
Brv A7 rBEERTVE0E% stable cell line Z8 L TR L 2o

pBlueOEHCAT & pSVZneo % co-transfection LT G418 THEIN L. stable
cell line Z#{L L 7zo DBcAMP (5 mM) H¢58 0. 48, 96 h $&ic. NAEH: ChaT
EEE Vv E— 2 — BT (CAT) EHEE2ZERZOMEL - (Fig. 20)o DBeAMP i
X ZiGYE ORI i il # T EIFREE (2 ~ 3{%) THh T,

stable cell line TRADLSHA L DNA REOBEFIcHAIATH TR
BLTWwa, CORBECTCOLE— 5 —li{cFOFRBMN, BRI S, MEICBL
To, WEEME ChAT difz FORBIE —H LT &3, EcoR I /Hind I fHit&ic ChAT
WIR T O cAMP RIBHEEZBIEST 2D+ v A 2 PBEEEFATVSE Z EZER
LTW3,

4 Fig. 20. Effect of DBcAMP on choline
Bomr acetyltransferase and reporter gene (CAT)
¥ B cAT activity in stably transfected NG108-15.

NG108-15 cells were stably transfected with
S pBlueOEHCAT and pSV2neo. A stable cell
; line was seeded at a density of 5 x 10° cells
in a 60-mm dish.

il Both choline acetyltransferase and CAT
Z activities were determined at 0, 48 and 96 h

(fold-increase)

ChAT and Reporter Gene (CAT) Activity

0 48 96

Hours with DBeAMP time 0 activity, calculated from triplicate
cultures.
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after the addition of 5 mM DBcAMP. Values
are the fold-increase + SEM compared with at

g 3

ST EFTUHMET cANP FHECHBIN cAMP REELZWME & 5 EY)H ChAT
EHEE RSB AIENREATVAER 223020 2 A h =X LRI S0
TRIT W, FHIE cAMP 12X 5 NG108-15 TD ChAT &tk DHgMIAS ChAT nRNA @
EEoWMiclid 20, £k ChAT 7 ¥ 27 HO Y YL FOBRLEN
KHRT 200 2RF Lice /—F Y7y FITTO ChAT nRNA O ¥ 7+ 4D
DBcAMP (= & A8 (2.0 £%) & ChAT iStEo XM (1.9 %) oRELHE -HL
TWho COFSRIE DBcAMP 2% ChAT B FOMEZMH D, b L <X ChAT
nRNA OLEUEZ@EHEEERL TV, CORfEHEOS> B, FHIX DAL 5 ~
27 29 va ZHEIREDMITC. DBeAMP 5 ic kB ChAT iGH¥EDRIMAS ChAT i
oS oMmicit> ¢ & %2IFWHL 720 Bruce and Hersh™ (&, & FRD 5
MKW L7 ChAT i3 calcium/calmodulin-dependent protein kinase ¥
calcium/phosphol ipid-dependent protein kinase Ik b Y Y E{L %52 5 25,
cAMP-dependent protein kinase (A kinase) iCk-»>TitY YyB{LEhlxv & WY
LTW3, LA >T, cAMP 45 A kinase %2ififk{fb L. ChAT 2 » 2 (% Y ~
i+ 2 ickniftE%z EREECVAAMHEREV, /4, WFho s v
2HY Y REIEBEENT DB L, Y YB{bicL D ChAT OFEHEERBE 5 &
OWGEIREFLIE WV,

FI YV VR REIYRTZ 27 v a YRRYTT DBcAMP & B-BreAMP OBRO
M RBF B ORE Shic, DBeAMP BRI ESE B LAObICaML T
butyrate ZHihd+ a2 E¢BAONTWAS*™ o /& butyrate R b3 ¥ X 727
v a yOMEEGHD. AP SMALBRTFERBT2MBORERN LT EH5A
ShThh, EBcCoHNOLDIEHENEIE 655 . ESIKEH O
BT butyrate HEICIZ ChAT OB EGH M RZBOo -1, LIt
5T DBeAMP TA LN ARIMIBREERD cAMP OZR & butyrate D b7 ¥ X 7
=7 vavOHRHT LHROMMBBR TS 5 alfigtk &G Vo EEL butyrate
ORBBPEB<ALETA, P3P Y M RRIEBVT, VE—-F —B{zTFO
FBIE 4 SicHME Y, 7 DBcAMP B b5 ¥ Y= Y PRRTCRVFE—5 —f
(TORBZH 10 fSIERKECLED, P YR T7 =27 va YOFEDBEELIE
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WRF 4 TNVRRETREDOIEIR 8-BreAMP O R EFHRED 2~3 {£¢d > 1o
ABOFERIE M-type =27V YO Ffiichiifid 24 ~ F o sfilEd CRE Biflo
EF%E2&H. Chd ChAT MfaFO cAMP RIGHICHIHTH B EEZRL TV S,
L LEBBSBEDEC A, TO CRE BREFBSEEEICKIEL TV &ELME
T&EI Vo cAMP 25 ChAT B FORBICS 4 2o REHMINF (CRE-
binding protein EIA) 0#iG%2&EH, TOFRE LT RMIIC ChAT Bz T o
REPEGE->TVHAfEHSBETENL L, WTFNIRLTCHHXHOEFE L o4 ¥
be USROS RITIC XD ChAT MO cAMP RIESHED * 1 = X A &
PIIEBCEHBWHTE 3,
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=5 3 e 7R

. NG108-15 T® cAMP X % ChAT GBIz, ChAT Bz T OEEOKMIC

oL EEYShic Lo

. ChAT BT @ cAMP BUGHEEMET 2L A ¥ Fid M-type =2V O Fifi

it 24 v bo v EFEES .
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5 arm

FHRY v 7 F VEBRROBEFREABRBCNT 28R TV, UTO
AR %o

1. ChAT @ mRNA (i S IEBRMAMO R 2B O 78 (5 » T § B,
2% 2C 1 8) BEEL. Taoit 3 o7 nE— 97— o056
ERT 54 vy rRuonEMRIROHMSGEICEVELAT S,

2. BB LU 2 Mooy »EHERFMR TR AEBEOE W M-type nRNA
OFoE—% it vy 2D ChAT #ifzFD Tthill I /TthHB8 I SRS
@5 Ufe F/ TthHBS I /Hindll $ABKic = v~ 4 —EBRIGHEZ 2D 120

3. M-type mRNA O 7w E— 9 —BLUZEDO FHiD4 » b o vicid ChAT O Al
MR R A E T 5 REBEFEET %0

4. ChAT ilifz FotE k. #HIKANO cAMP #IEO LRI X nd 5, <D
cAMP BUGHE I SSH O SABRIE TthABS I /Hindll fAMETH %0

LlEomELiz ChAT Bz FORIMHBERBEY ShicdsL L bic, 7 “HfF

Btk =2 — o v ofL, S L CEEORMENR YT 5 LcoRBEERItT S
bDTH 5,
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AUtIREZFZ L HBICHic b, HEBYSEIEY CAMREZBD £ L sl
FFH EAUEBRICHATCERIOTERL T T,

AR (W) HEUBWERFEAURAN 2 7B EVFUARM S L U WE
KBTI~ REE LD bDTT, AMRETOBEEZBHACLES
D, RIGHEOMIES L MW ZEY £ L HOKKBRHFARCOr SERHO
MEERLES,

o, REARAF TS OARRCHBHEHHMEZB £ Lo (M) HaHa
SRFRAUA SBRNTAR. AHFMRTHAER. BLT HEKF
R TELICECERHVELE T,

BHic, SFSIROBHEB O F LA BARERE. LAXYE FRERLD

(M) MEUBAER R AT AT OFRcECWILP L EFE T,
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