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Identification of Muscle-type Carnitine Palmitoyltransferase I and
Characterization of Its Gene Structure
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To characterize energy metabolism in brown adipose tissue (BAT), differential screening of a cDNA library of rat
BAT with a cDNA probe of rat white adipose tissue was carried out. We isolated one novel cDNA clone encoding a pro-
tein of 88.2 kDa consisting of 772 amino acids. The deduced amino acid sequence showed the highest homology (62.6
%) with that of rat liver carnitine palmitoyltransferase I (CPTI). The transcript corresponding to this cDNA was abun-
dantly expressed not only in BAT but also in the heart and skeletal muscle. CPTI is a protein necessary for the f—oxida-
tion of long-chain fatty acids in mammalian mitochondria, and it has been suggested that at least two isoforms, the liver
type and muscle (M—CPTI) type, exist. Based on these observations, we concluded that the novel cDNA clone isolated
from rat BAT encodes M—CPTI. Isolation and characterization of a genomic DNA clone revealed that the gene for hu-
man M—-CPTI consists of two 5'—noncoding exons, 18 coding exons, and one 3’—noncoding exon spanning approximate-
ly 10 kbp, and a gene encoding choline/ethanolamine kinase—f (CK/EK—-8) was located about 300 bp upstream from
the M—CPTI gene with the same strand direction. Furthermore, we found atypical transcripts containing exons of both
CK/EK-B and M-CPTI genes in humans and rodents. The physiologic role(s) of these transcripts is still unknown.
However, it is interesting that such transcripts are produced from two tightly arranged and functionally unrelated genes
in mammalian tissues.
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DS8112-36: 101 PQTETLLSMVIFSTGVWATGIFLFRQTLKLLLSYHGWMFEMHSKTSHATKIWAICVRLLSSRRPMLYSFQTSLPKLPVPSVPATIHRYLDSVRPLLDDEA

rat CPTI: 99 SQTKNIVSGVLFGTGLWVAVIMTMRYSLKVLLSYHGWMFAEHGKMSRSTKIWMAMVKVLSGRKPMLYSFQTSLPRLPVPAVKDTVSRYLESVRPLMKEED
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DS112-36: 201 YFRMESLAKEFQDKIAPRLOKYLVLKSWWATNYVSDWWEEYVYLRGRSPIMVNSNYYAMDFVLIKNTSQQAARLGNTVHAMIMYRRKLDREETIKPVMALG
rat CPTI: 199 FQRMTALAQDFAVNLGPKIJQWYLKLKSWWATNYVSDWWEEYIYLRGRGPWSM!mYITPTHIQAARAGNTIHAILLYRRTLDREELKPIRLLG
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DS112-36: 301 -MVPMCSYOMERMFNTTRIPGKETDLLOHLSESRHVAVYHKGRFFKVWLYEGSCLLKPRDLEMQFQRILDDTSPPOPGEEKLAALTAGGRVEWAEARQKE
rat CPTI: 299 STIPLCSAQWERLFNTSRIPGEETDTIQHIKDSRHIVVYHRGRYFKVWLYHDGRLLRPRELEQQMOQILDDPSEPQPGEAKLAALTAADRVPWAKCRQTY
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DS112-36: 400 FSSGKNKMSLDTIERAAFFVALDEDSHCYNPDD-EASLSLYGKSLLHGNCYNRWFDKSFTLISCKNGQLGLNTEHSWADAPIIGHLWEFVLATDTFHLGY

rat CPTI: 399 FARGKNKQSLDAVEKAAFFVTLDESEQGYREEDPEASIDSYAKSLLHGRCFDRWFDKSITFVVFKNSKIGINAEHSWADAPIVGHLWEYVMATDVFQLGY
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DS112-36: 499 TETGHCVGEPNTKLPPPQRMOWDIPEQCQTATENSYQVAKALADDVELYCFQFLPFGKGLIKKCRTSPDAFVQIALQLAHFRDKGKFCLTYEASMTRMFR
rat CPTI: 499 SEDGHCKGDTNPNIPKPTRLOWDIPGECQEVIDASLSSASLLANDVDLHSFPFDSFGKGLIKKCRTSPDAFIQLALQLAHYKDMGKFCLTYEASMTRLFR
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DS112-36: 599 EGRTETVRSCTSESTAFVRAMMTGSHKKODLODLFRKASEKHQNMYRLAMTGAGIDRHLFCLY IVSKYLGVRSPFLDEVLSEPWSLSTSQIPQFQICMED
rat CPTI: 599 EGRTETVRSCTMESCNFVQAMMDPKSTAEQRLKLFKIACEKHQHLYRLAMTGAGIDRHLFCLYVVSKYLAVDSPFLKEVLSEPWRLSTSQTPQQQVELFD
khkhkkkkkkX kh  kk kAk kd ok hkhk kA RARARKAR R AR Rk kA khhhk ok Ak Rk Rk k kkkkk kh *k

D8112-36: 699 PKQYPNHLGAGGGFGPVADHGYGVSYMIAGENTMFFHVSSKLSSSETNALRFGNHIRQALLDIADLFKISKTDS
rat CPTI: 699 FEKNPDYVSCGGGFGPVADDGYGVSYIIVGENFIHFHISSKFSSPETDSHRFGKHLRQAMMDIITLFGLTINSKK

B) DS112-36: 88.2 kDa Rat liver CPTI: 88.1 kDa
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Fig. 2. Comparison of a Protein Encoded by a Novel cDNA Clone DS112-36 with Rat Liver CPTI

A) Alignment of the predicted amino acid sequence of DS112-36 with that of rat liver CPTI. Asterisks indicate identical residues. Four gaps shown by (—) are
inserted to obtain maximum alignment. B) Hydropathy profiles of DS112-36 and rat liver CPTI. Amino acid sequences were analyzed by the method of Kyte and
Doolittle with an interval of 30 amino acids.
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Fig. 3. Mitochondrial Carnitine System
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mRNA IR EIR TEL < EHELTHD, Mo
&, WATIZBWTHBmMEINEZ., £/ CPTII O
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Fig. 4. Tissue Distributions of Transcripts of DS112-36 (M-
CPTI), Liver CPTI (L-CPTI), and CPTII
Samples of 1 ug of poly (A) * RNAs obtained from rat tissues were ana-
lyzed. The arrows indicate the positions of the 4.4-kbase and 2.4-kbase
RNA ladder.
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PLEO#ER, 725 DSI112-36 12k >Ta— K
INDHYNIEET Y MR CPTI O —RHiE )
JEHITHELIL TnB Z &, 2O mRNA L&
BHICE<HFETDIENS, Ty N BAT G H
Bt N7 #H M cDNA 7 o— > DS112-36 1%, =D
FENTREINENS ©Y 2N B O HERE SR
D TR 720125 T L NIV TORH B Th Tn
Mo B CPTI 20— K9 % cDNA TH 5 &
L=, OBIZ, ZTOCDNAIZK->Ta—R&
N5 N8N CPTIEEZRL THO, B
ORI RYTTHERINDZHDLHEBEED I
ZF T R RN 0 2 )L CoA KM%
NG T ENMMD T IV —T T o T FEBIERRIC K > T
R EINM~.® /2B, SDS-PAGE BT B ERIK
BB E D S 8 CPTI O 4p 18 1 X134 CPTI
(88kDa) KD H/NZWNkDafBETHBEIN
TWEIZHEDH BT, cDNA (DS112-36) A
B FREIND G CPTI @4y 791 X1 88
kDa Td > /=. B N T cDNA /n 5 % CPTI
Z &R L SDS-PAGE I[Z#t L /2885 TH, £DEX
KEBEENSHEIND D TH1 X103 0 82
kDafBETh o= EME, ¥ NNTBENDER
BRI SN DEMZEZT 5720 TR, 287
BEWBET27 I JBEOHDODMEEIT X > THR
CPTI X B E R BXIUKBIBEE 2R Z LS )
2780722 £z, EHIE WAT ITIEATR & 75 5 g
7 @ CPTI mRNA INFEL TWd EWSFERZIR
L7zn (Fig. 4), ZOERIFIFEBRICHWEZT vk
e (4 Thoz/zd WAT ITREHAH T
feififaCafifu N2 < S ENTHD, £ I THY
L TWAHE CPTI ® mRNA St I Nz &2
EB5HDTHD, BAT Lt d 5 & ZDEITADRR
WHDDRFL 72T SR IHHALIC 3B W TIHE]
LTCWa CPTLIZHH Y MY T+ —LDATHDE
WO ZEBHMEINZ. L N> THE CPTI X
WAT IZBWT B RN A ITBE D 2 HE /R FEHE T
HdBEEZONS.

6. £ MHECPTI 23— K9 % cDNA RUE
LF DB &SRR

Z v K BAT cDNA 5147 U =5 HEEI N/
Bl cDNA ~ o0 — > DS112-36 |3 5 %! CPTI %
I—RLTHD, 2O mRNA L, K%L DIEN
s % T3 I)LF —REHE U THIH L T 200 B 1%

i, NEMifeZRBEl CORISBZEEL TND
BAT 72 & THENGEE 77 ff D RE A TSARAR ) ITBWVWTK
BICHFIET D2 &Rz, % CPTLIZNEH#E
R TEEREEH ZH> TS ETFHEIND
DT, HWTE MG CPTI #1— K3 % cDNA
&4 /) 1 DNA QBEE %175 /-

5w M# CPTI 21— K§ % cDNA (DS112-
36) 270 —7 &L Tk b cDNA 51751 —
KO b7 JLADNA SA TS5 —DAT Y —=>
7 HITW, BEPE®D cDNA K UV4 /7 /s DNA 70—
S EHEEL /2.2 cDNA OB EESN S, b MMHR
CPTI T v FEFREICTRRBOT 2 VNS85
PBLE8KkDaDHF O NIVHTH S EHEIN.
F207 2 JBESNIT v SR CPTI & EWE
It (85.7%) Z#;RL, Tvw K KUk KOJFE
CPTI &13 63.1%, 62.3% QMMM TH o=, /F
PeTRvTa 2T ORR, EMIBNTHEHA
CPTI @ mRNA [J LR BHHICE S EEL TH
0, FONMIFE CPTI L13e< B> Tnws 2
EWREINE D

FEWTHEEL /=4 / . DNA O HEl 5 2 T L,
cDNA OFH &k d 5 Z LIk > THEEBETOT
7y rEAa O oMl E Fig. 5 1ITEANITR
TEIICHRFELZ. W 2Bl la T EROMEIR,
mRNA @ 5 I %9 % cDNA % HEEd % Tk
Td 5 5RACE (rapid amplification of cDNA ends)
HBETO ZEITXDRELRZ. b MM CPTIER
TIREERELZ 10kbp T, ¥ 2N\ HEZHRT S
TNREOT I /I 1BEOTY > (7Y 22—
IV 19 iZaishTa—RanTwiz 5
RACE {£12 & > THEE X 1172 cDNA O fi# #t O #%
R OBEREBa R EZZODIIY Y (V2 2)
D ERIZY 2 JBRICHRE N Wy > (Y
> 1A & 1B) WEIEL, INHI3IR—MIZ mRNA
WCEEND I ENHASMERS 2. Fi2, 3EEIC
H7 I BRI NNy > (7Y 20)
MEELTWD Z ENREI N,

IV 1A KD RREBOEERS 2 S 51
Rtz A, a2 /Ty ) —=)V7 I FF—
¥ B (choline/ethanolamine kinase—8: CK/EK-8) &
HEN 2y >NV E%2I— RTS8 THE RS
DFHTHEET BT EREI . CK/EK-BI3E)
YIliRIC B 2 EHERE VIEE THAHHRAT 7 F
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Human M-CPTI gene (chromosome 22qgl3.3)

ITMB 2 3 4 567 89

=HIHH—{H-HHHH

CK/EK-P gene

100bp

fatty acids

peroxisome proliferators

10 11 1213141516 17 181920 !

H———H— i -

1kbp

-------- mRNA containing
........ exon 1A

mRNA containing
------- - exon 1B

Fig. 5. Structural Features of the Human M-CPTI Gene and Its Flanking Region
Boxes represent exons, and open and closed parts represent amino acid noncoding and coding regions, respectively. TGA represents the translation termination
codon for CK/EK-f and ATG represents the translation initiation codon for M—CPTI.

DINAY RORA Ty FPIINVITEY ) —ILT7 2D
BRI B R b & il T 5B TdH 5.3 fHill
CPTI & [FEtICIEERHICRE 5T 24 )X\ ETIE
HBEM2DODH N7 EOHEICEEIZAWERD
N%. E/z, M CPTIEMLT LifitEE D DNA W
Fea7uo—7&LT /¥ - TJays a1 27 %>
TRER, D EbllEEEBmIIRNYTIIZ Y
JIAEIBIIfENFITENTNRNI EAUREN
2. MAT, CK/EK-B#IZT D 3K o i
CPTIEEFIT 7Y > 1A @ S KD O fEE % &
ATWDS mRNA BB TEhho/22E&Ens, T
7y 1A & 1B ZENEND S EKhh s ST EHEN
TWaW EREEICEETO T OE—% — N EE
L, ENZENOEEHAIAN S GRS 17z RNA
(—REEBHEY) 37V 1AHDHNITIBD 3
KiELI) 2D R TAT T4 ZAINTA
vhoraikInTnws EFEINE
I, EENERLZE MHE CPTI OELETF
%L%ﬁﬁbt@& TR, A#EETFH2E B
55 22 BYAARITNLE T 5 2 E0HE Tz, 339
t bﬂfrﬂ‘” CPTI &£ T35 11 FBYaKRIT, 309 b
~ CPTII B T35 1 BRAK] wﬂ%?éu&
M5, 2 ha> KUY CPT I CPTI & CPTII /=17
Tz < i+ 8 CPTI &AL CPTI & Hi2 #1511
dA—R2INZ2LPDITINIVBETHB I ENZED

RERMTENS DHOMNERD . F2, TV
1A 9 < kBRI, BBV AF — L HEhE
FNTINE ?é%ﬂﬂfﬁb IS DORERTHFEEIC
AEL T DEEZETIHET 5 Z &b I Nz 303
7. CK/EK-f & #58 CPTI O 2 D Ds&{LF 4B
# & A7Z mRNA

ERU&DIZ, b M CPTI En T DOFERHA
BaREZDIIZY > (ZVY>2) O LRI
7IJBIIBRINBVWIR—W B 2O0 7Y >
(7Y > 1A & 1B) BFEEL, 51220 300 bp
13 E BRI CK/EK-B # a7 2 A CPTI & [6] Ut
BOHATHEET S ZENHS M LIRS, 2D
D7 N —77%, & MR CPTLEE T D 2 DDiR
BHMBEALE T4 —HEEICL > THREL
220550 1 DIFEFEN SRACETEIZK ST
WELEZZZY > IB D SEKIGER—DEMTH >
7=/ (Fig. 6(A) TTSSM &£%&), 5 1213
7 1A D S EKHEED 40bp B FHRICAIE L T
7= (Fig. 6(A) TTSSU &£ &%id). Zh s D5
SEALASIE LT AUE, SRACEEICK > THEE I N
=X 1A 258 cDNA 1L, G S NS
BIUEERAL (TSSU) X0 H EFRICHEET D REED
IREBRIEEALD S G RSB 4A & 1172z mRNA (1 i3k
THI LTS, B CPTIEETOT < BRI
Dy >NV EEI— R LERTHHFELET DD
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A) CK/EK-3 gene M-CPTI gene
| |
10 11 1a 1B 2 3
—— ] [ 1 -
N R 100bp
SR TSS U TSS M JRRREE TR
1 1 1A TSS U
CCTGTTCCTGAGTTTGAGTAGGTCCCC. . ..... // . - tatttttAGCTCTAATGCCACCATCCTCACGAGACTCTGGGGCCCCCCAGGCTCCCAGACT
o e e e ok e ok e ok ke LR L R R R R R R I R I R R s R R R R d
B) HHR-A1(Q CTGAGTTTGA CTCTAATGCCACCATCCT..... cDNA isolated
khkkkhkhkkhkhkhk khkkkhkkhkkkkhkhkhkkkhkkk by SLIC-PCR
Fig. 6. Organization of the 3’-Region of the CK/EK—£ Gene and the 5'-Region of the M—CPTI Gene, and the Nucleotide Sequence

of HHR-A10
A) The structure of the 3’-region of the CK/EK-# gene and the 5'-region of the M—CPTI gene is schematically shown. TSS U and TSS M represent the tran-
scription initiation site of exon U (corresponding to exon 1A) and exon M (corresponding to exon 1B), respectively, as reported by another group.3® Parts of
nucleotides between exon 11 of the CK/EK—f gene and exon 1A of the M—CPTI gene are shown by uppercase letters, and the nucleotides of the spacer region be-
tween the two genes are shown by lowercase letters. The nucleotides identical with those of HHR-A10 are marked with asterisks. B) The nucleotide sequence of the

5’~terminal region of HHR-A10 obtained by SLIC-PCR is shown.

T, AELGTORGEHATNIOXDITHRWEETE
DEIIITHN TN D OMIFERENEETH - /2.
ZZTHWT, b MR CPTI i T L D
Mgz X SICHMICHS N ETH5HMT, 5SRACE
1EDZEET mRNA @ S FEBIZHHY 9 % cDNA %)
RELBLH T EMTESSLIC (single-strand liga-
tion to ss—cDNA) %757z, SLICiEIC K> TH
HES /= cDNA ORI 2R L LT A, &
KU i mRNA 1239 % cDNA 7 0 — > HHR-
A10 3% CPTL#ZTFO LYY > 1A OFHEES
EHEATOED, 0 SRmANZS ) L DNA ORd
FlEF < = URWEHID 10 R IF EMmEn
TW/= (Fig. 6(B)). ZOEH % X 5T LRMHEH D
FiF & s L7=& 2%, HHR-A10 @ 5 K5 D
10 #5313 CK/EK-B B a1 D 3" IERER e o g
A E BRIl —H L Tws Z Ehrans- (Fig. 6
(A). F7=, ¥/ LDNAMS gt THAE D ag THK
b BEH N RE S T HHR-A10 O A5 &
5T &, b b SLICEICk > THEtXI N
cDNA % 10— > HHR-A10 |3 CK/EK-p j&{£ ¥ #8
I &R CPTL B n T E & AT —REGHEY D

AT T4 7L >TEL mRNA ITHKT 5
KOBEITHB I ENHS M ETR D T

UL U7Zeats, HHR-A10 13 SLIC 12 &k - T
STHEBEIN/7- cDNA THSafeEdEZ 5N
%, ZFZ T, A% HHR-A10 ORI L /a0 E 5
&£ 572 mRNA NEET 2 DONEND 572, Fig.
TA)ITRT OB T I —DAsEDLE (P1/
EX3 % X P2/EX3) T CK/EK-B#&{ZT® 3 IEH
REEE (7Y > 11) & CPTIER O
V>3 DT RT-PCR 2175 7=, RINBKE T
AO—ATIIVELIKETHEL TFF I LT7OA R
Qe 2o 7ok R, DR E BT E S 5 O mRNA
ZEEANCLTH 2D DNA Gk E N5 Z &
REIN7z (Fig. 7(B)). Z#15 RT-PCR EY DI
HEH =R L&A, EWEY (product 1)
I& CK/EK-f &1 7 & % CPTI &l T2/ Y
CIA 2 KU 3 BEATWE, T2 T CK/EK-4i#
5T fEE &% CPTI @ 7Y > 1A 12 HHR-A10
Ee<FUMETHALTRD, £V V1A
DKM, TV 2DOSKONYERM, T3
D 5 R EHE O H CPTI mRNA & 58412 [F—
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HHR-A10
A) Hkk kKK KKk
ACTGGGCTGAGCCCCCAAGTGAAACTGAGGTTCAGGAGACCGGCCTGTTCCTGAGTTTGAGTAGGT
> >
Pl P2
100bp
EX3
> -+
O -
10 11 1A 1B 2 3
] 1

CK/EK-} gene M-CPTI gene

> @
B) & .»ot?@a’
i 2 &
& $

» Pl P2 P1P2
<« EX3 EX

11 1a
I I / product 1 m/\r_—/\[./\.
\ product 2 m/\[./\.
AA A

Fig. 7. RT-PCR of mRNA between the Regions of the CK/EK-f and M—-CPTI Genes of Human Heart and Skeletal Muscle

A) The loci of primers P1, P2, and EX3 used for PCR. The region corresponding to P1 and P2 in the 3’-UTR of the CK/EK-f gene is shown by a hatched box.
Asterisks indicate the nucleotides found at the 5'-region of HHR-A10. B) Results of agarose gel electrophoresis of the RT-PCR products. ss~cDNAs of human
heart and skeletal muscle obtained by reverse-transcription with either a random hexamer or oligo (dT) primer were mixed and used as templates for PCR. PCR was
performed using the primer pairs of P1/EX3 or P2/EX3, and the reaction mixtures were loaded onto agarose gel and stained with ethidium bromide. The organiza-
tions of cDNAs obtained by RT-PCR are schematically shown. Upward arrowheads indicate the splice site coincident with those of ordinary transcripts of human
M-CPTI and lines represent splicing determined from the nucleotide sequences of the products.

500 ==

240 ==

DL TATIAAINTHRAEL Tz, —F, B 8. 2 DDEMLFRIHEZE AT mRNA OEER

WiEY) (product 2) |3 CK/EK-p &4 7 &

BMCPTI EmTIT VY 22086 LTH0,
product L STV Y 2 IARELIIBEEINX

SIEEETH 7=, O product 2 12BN T H %
CPTIOIYZ Y 2KU3IRELWVWAT 51 X522
FTREL TV IBIERNT J LADYT Y - 7
Ow T+ > 7 D%, % CPTI E{& T O LI
T HEETHE T ) L THE— CK/EK-B %
d— RIBEETTHDZENMHREINE. LI E
DFEFRINS, B hOLIREBEHIZHBNT, #aEl

TW3 2 DDEMETOMEEZEE A A P72 mRNA
MEENZHFEEL TVWB T EARSI Nz,

il

E MZHWT CK/EK- &% CPTI Ol 5 D&
15T 2 & A2 mRNA IEAET 5 2 & AT 5
Loz, ZD XS 7 mRNA OREE K NEDREE
HREIZIZLL T @ 4 DO HEEMEDE 2 5 15 (Fig. 8).

A)  Jeevs CK/EK-f i & A 5e 2 7s % CPTI
EE S A TSR, CK/EK-B R T D5
BIUATRAL N S B Rk & N7z —RERFEME, CK/EK-
BEIETOEEDRY A FIMEAL T 7z < iy
CPTI B & FREBOEFTHRY AN N5,
Z ® mRNA [FEW 3 IEREREE % A L 7z CK/EK-
BDmMRNA TH2ERBRTIENTES.

B) A5E47s CK/EK-g i & e /e % CPTI
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CK/EK-f3 gene

M-CPTI gene

Ordinary AAAAR
mRNA AAAAA
cDNA isclated by
I RT-PCR and SLIC-PCR

A AAARA
B AAAAA
C AAARA
D AAAAA

Fig. 8. Possible Organization of the Overlapping Transcripts between the CK/EK—8 and M—CPTI Genes

B =& AT B e, CK/EK-p i# {x T fE N
W7 OE—% —NHFEEL, TINS6AWMMNHEGI N
EEBEYNLIAR CPTI EE T D@ DR A ff
IOEBALIC TR Y A SIS N 5.

C) ASE47x CK/EK-f il & A58 475 i B
CPTI iz Z A TS e, LR B DX DI
CK/EK- BATFHEB OB N S iGN HiE S N,
A) D XS Iz CPTI B TFHEBOEBRFTRY A
SEMIME N5,

D) Sc47s CK/EK-p fHi & 52 278 i % CPTI
B EE AT WD e, CK/EK-B E T DG
BREARERALN & BB 1, A% CPTI E s 1D
AU AL THRY ARSI NS, 208
B1ADEWMRNAFIZ2 DD )N E%2 11—
R DHEHNZTENZRY X O EROHEEE L
TWBHZ EITRS.

SLIC #:+%> RT-PCR T & > T B X #17= cDNA
X 2 DOBETHEE %2 S A7 mRNA O —E5512H
YT BHEH L NG AL TR, T TERICEDK
575 mRNA DNEFEEL TWHONZEHEMNET B2
W, fi% CPTI ® mRNA 28572 RT-PCR %
f152&icl7. £9, Fig. 9 A)ITRTLDIT,
t Mif CPTI @iz Oy > 4,15, 20 DELH
WAHBREmRA ) IX LA F R (EnTh
EX4, EX15, EX20) % W Tkt kLl mRNA 0iifi

RGN ZEITV, S50/ M%8 CPTI R 1 A
#8 cDNA Z§8 & L C CK/EK-S iz FOLT Y
> BAF &R CPTIBIAZ T O LYY P EHIE DT
PCR %{7 > /z. Figure 9(B)IiZ PCR ik %& 7 /T
O—27 )VBRKECH L 2O TFF LT OY
1 R ZET o iR ERT.

it CPTI IR T I > 4 1T T 5 kD 5
7I4 X — EX4 [T THIRE RG> TSNk
1 2§84 cDNA (EX4 ss—cDNA) ##8 & U THal
CPTI & {£ FfEIN T PCR 17> =84 (1A/
EX3, 1B/EX3) TiX 1 fl¥E, 15O s Tz
F7/-WT PCR #{7- -84 (9/EX3, 10/EX3, 11/
EX3) TiI2f@HD DNABERINS~. /2, T
7)) 1S S MG RN ETT S TERS N7z 1 A8
cDNA (EX15 ss—cDNA) 7 #% & L T PCR &7
SE, TORIZDENH DD EX4 ss—cDNA %
B E LA ERIUESI O DNA BNERIN TN
5 EMRERS NI, —F, TUV 22005 Wi
H X #17= ¢cDNA (EX20 ss—cDNA) %% & L T
PCR #{1->7=%4, Mi% CPTI fEi N Td PCR jE
M3mHEINzb00, WhOBEMLRTFHEEEZ LN
72 PCR EWIIMH TE Moz, T THIEEN
LEBICRRNRTO—-TE2HWTHS Y - oy
T4 > EfToEET A, BEX20 ss—cDNA % §54
ELT2DDEETHEEZE LT PCR 217o /&
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a)
1kbp
CK/EK-3 gene M-CPTI gene —
i
12 34 567891011 1AalB 2 3 4 5 67 89 10 11 1213 141516 17 181920
= -
91011 1a 1B EX3
- -4 -
EX4 EX15 EX20
B) C)

EX4 ss-cDNA

> 9 10 11 1A 1B 9 10 11 1A 1B

EX15 ss-cDNA EX20 ss-cDNA
9 10 11 1A 1B

EX20 ss-cDNA
9 10 11 1A 1B

EX3 EX3
- .

EX3

Fig. 9. RT-PCR between the Regions of the CK/EK— and M—-CPTI Genes
A) RT-PCR specific to M—CPTI messages was performed with the primers shown by arrowheads. B) PCR products were subjected to agarose gel electrophore-
sis, and gels were stained with ethidium bromide. C) Reaction mixtures of RT-PCR using EX20 ss—cDNA in agarose gel were transferred to a nitrocellulose mem-

brane, and Southern blot analysis was carried out.

BE&TH EX4 5 W [d EXIS ss—cDNA Z§581 & L
FEEERIUES O DNA AR EINTHSE I &N
MR TN/ (Fig. 9(C)). 3HBEDHER (EX4,
EX15 &% TX EX20 ss=cDNA) ZHWTT 51— 9
/EX3 T PCR %175 T{%5 #17z PCR EY OIFHE
Hla TN Z N UssR, E<FEE/RPCREY
1%, CK/EK-Bi#fzTIr Y > 11 &%l CPTI i
frFIT 27 > 1A 7 SLIC 7 T i X 172 HHR-
Al0 L[ — DI TRHEAL TR, ZOEH LS
BENZNOELETOIIY VEFINSERINT
Wb EMRS N, —H, B\ PCREYIIEN
FEMING T > 1A PNERITRIT ZBEFIN 5785
Tz,

EX20 Z W THIRE RKIhZ1T> TH5 N7z
cDNA (EX20 ss—cDNA) 2R LT, o1~ —
9 & 751 <— EX3 TPCR %175 T cDNA 23&
Iz ns Z&iE, PRr<EDHBTIAIT—09
(CK/EK-BBIZFITIYV 9 MHT T4 —
EX20 (fi%! CPTIEZFLV Y > 20) OEE %S
W72 MRNA NEEL TVWBEND T EZFEKL T
W5, MIEEIZHWE T I 4 < — EX20 13 &

CPTI EIZTOKIET K> X0 B FHROBEFNIH Y
T 5DT, Z@ mRNA IR CPTI #E {5 FEE 4
KEEGITNDEEZEZDZENTES, LENS>T
Fig. 8 T/RL 74 DDH[EEHD S B, Dia< & H
B)H5WIED)DXS7 mRNA NHEEL TWBD &
fEam L7z, RP22OOEMLETHEEEZ E/ZW/E PCR
(754 <— 9/EX3, 10/EX3 & UX 11/EX3) 12&k>
THRE N7z DNA O &3, fifd CPTI & {x 1K
IWT®O PCR (754 <— 1A/EX3 %X 1B/EX3)
ICE > THEHREN/Z DNA ODEXL D BITB NI
Mokl Mo, 2D0EMKBTFHEHEEZ G ALK
mRNA O 81358 5% D% CPTI ® mRNA & (X%
CldeanizbirnEEZEZ NS, LrLRRs, fil
DTN —ThMTo> 7zt & 22 FHEAKD EST fgth
IZHBWNTH CK/EK-p L% CPTI OjE{A B %
B A7 mRNA OEIENRO NI 5,0 2
DEEZDIBNDHDDZ DL D 72 mRNA [ZFENITEF
FELTHD, 2DODBMLETFITEEL ZEIKT (over-
lapping genes) TH D LD ITE DO~

723, SLIC{ETHEEI N/ HHR-AI0O 2 DD
L TFEE A £/~ E RT-PCR 2 &> THE(X 1
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7= cDNA 213, SRACE i TIRELETVZ Y > 1A
DS KD 2 (ag) FIHFENTWARMND 7.
ZDZEMND, SRACE £ THEEX 7= cDNA 3 2
DDIEE T EE Z S A2 mRNA ORFEEDA T 5
A ZNU T > MZHRT 5 eSS E S NG
BAAERAL (Fig. 6 ® TSSU) XD & 5T BiRICHK
[FE D CPTI EAn T DEs G BRI FELE L T
WA HHEENE X 5 5.

9. 2 DDEMLFEEZEE AT mRNA O FE 4 #
[+

—WRIZ, BEHiRAEMDOT ) LNIEOTA XDENC
H# 2 < OB T2 EALTNWDDT, EMsEY
DT ) LEHRD EBETIRIOEELTHEEL T
WA Z IR, 517 A LEOREOHEEN 2
DUEDBEFICE>THAEIN TS Z EH LIT
Liddhsd. BIINZTFUFTy—, fMiE, U1
AR E QMRS ) Ao EE T ) LAOH THHE
MBI P RUTY ) LIZBNWT, BigoiHs
Pe (7 > F 2 AHDOGENL Wt D AEDGE
HH5) ZRMATHETEDY ) LA0H@EL -6
WS EBEDY 2N ENPEESINSHINEL <A S
NTHW5, ZOXDITHPICELRD G- ZEIET
W TEEEKR T EEENTWS D —F, E5%E)
MOKT ) LADEXDITERTEMIST ) LITHBNWT
W, EBETIREENOE D 2T ) A RICEE
XN, BIRTEELRTOMICIIHIEEDEIDR
NR—Y —HENEET D200 R TH B EEZS
NTERZ., L LEDSZOREMTNEDITD
N, EEEFYOE KRBT ) NIBT D8I TEE
WWIERERROMNHO, Biflilnr /) LA TRGNSK
DIRBEEEETS [z Brrilirs ez
DENIEBENT DTN E DDEFET D T NS )
EBSOTER. 2D d, GEIYOBLETIIRE
A hOCEEATNSEZEDHHD, ZOHFITH
DEETMNTOMDEENTNBHBOHTNTIED
LZNMEINTND. 4D 25 LEEETE TEER
TWELET EMREN, TEEERT) SRS
NTn3,

WALBIW O ) LBV B EEEE T ORI D
W51~ 7 A Surfeit fHKICHEET S 2 DDERRT
B L TTdH 5. 40 Surfeit L3 [FEHITIAAE S T2
EWVWDEKRT, TOHADEO YT X TIXZ OMHEE
(#132kbp) 1272 < & 6 HDOBE IR THEFEL,

ZFDSHED Surf-2 & Surf-413%° / /s DNA |- Tif
MEICHREIN, TNThO 3 IERERHEE O 133
bp Il DELEFICHEAINTNS. Y ZDLD
IiE, 5 X N7 RNA O Y EB O AT E WIC
HHETHDDT, 7oFEZARNA ELTBAE
WOBIETHRFEZ2HFE L TWSuEEENEZEZ 5N T
N5, %

—75, WHEWRET ) DTBWT, BE O
FUAHMICESEINS 2 DOBEFICE> THES
NTWBHIE L THRAICHE SN/ myosin 1
heavy chain-like protein (MIHC) i&{x T & prepro-
tachykinin B (PPT-B) #{Z T D ¥4, CK/EK-S
L% CPTI OY5H EFIERIC 2 D DB TIZIF Ul
BOHMTiE#EL THEEL, MIHC mRNA o 348
B OEFNE PPT-B mRNA O 5 fHIE O H] & —3
LTWeE® LhLianNs, EINTHWDLHEEIC
BT MIHC BT DEHEEMN AT T4 A3
LML & PPT-B s T DIEREEN N AT T A X
NDEALMFERITIE L TWRWDT, ZOfEsEk
BT B2 DDEIETOIYY U REEIT RS> T
7z,

ZFHITHR LT, CK/EK-8 &ffif CPTI O/ 5D
1 THEE 2 28 mRNA TlE, 217> -6
(CK/EK-B BTV > 95k CPTI iR
TV 23 ZBWTIE, 2 DOEE T HEROHE
By 2N TZENZENO mRNA O X7 51 Ak
MMNTERICHEEFEIN TV, AT, Z® mRNA
1372 < & CK/EK-BBIZTFDOII Y > 9 NS
B CPTL I TFOIYY > 20 ETOEEZEEZALT
W3 ZEMREIN (Fig. 9(C)). IThepl &p
5, Z® mRNA |3 CK/EK-B &z T D@ % DL 5.
BRBAERALDY & & RS BIA S 72 —RER G FE I K
LTWsDTldnwnheEEz 515 (Fig. 8 DRJEE
ED). §7/xbb,

D 2DO0BIETHIEFITEREL THEET 5729,
CK/EK-g BT DB HRIATRAL A 5 DIRFIT XK 5
T CK/EK-B fHIIZH: T 2 DDEE TRID A R—
H—fER S 5125 CPTI fHE b5 SN TL X
9.

2) A Uk—XRiBEMI CK/EK- I IZHB 0
TIELLK AT I AEINA > harhirEIns.
ft T, CK/EK-BfEBDORY A IEALIcARY A
OIS NAUE, AR—Y—fEE R O CPTI
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EFENUDEESNTL £ 5 720#% D CK/EK- O
mRNA &732%. UL, "YU ASEIMINE N5
\Z CK/EK-p fEis & 7% CPTI fEI% 03 24 72 5 A T
2T ITA AN % &2 DDBLEFHEBIKEEL T
LES. ZORT T4 2712k, CK/EK-f #
BoORY Afme 7 Hida > ro> &L TRE
IN5.

3) —RERFEYOMEIZMAE CPTI fHE O Fif
fIKu £ ThilT 5N 5. il CPTIfEHEICBNWTSH
ELSZATIAAINTA > harakEan, i
B CPTI fHIBL DR Y AN 7 F )V DFEFHITK D
N ASENMEN5.

ZOLD e Z T, CK/EK-B #Eiz T Dl
DELFIZE 5 T 2 DDA THIEE S A mRNA
IMERINTWSAEEENE Z 5 N5. Lo T,
CK/EK-B &5 7 &£ i CPTI & s 113 [E#E &G
Tl EWO KD, FUEEDHMTiEEL THEE
95 2 DDEMETH S FEHKEZ mRNA NEK SIS
LR EEZEZTANINEDITEDNS. 51T,
TR RN, EFIEEEHE (v N, Y
) IZBWTH CK/EK-p &l CPTI @ 2 DDk
ZFHEE %2 S AT mRNA BNEETHHDOD, D
BlIk MZERZ EMD TN EEHENEL
7z. %9 CK/EK- mRNA O EIZZ1IFE E DFEAEILFE
HHENBNT ENS, B NOIEEEY T3 CK/EK
BB THRY ABERMIMEINSHIIC 2 DDERT
EHETORT T4 ZME V0 FWN=DHD
BE TR Z S A7 mRNA NE L EELTVWSD
TRBWNEEZSNS. b N EENHEDIKEFEY
WBWTHRY ABOMNMERT I ZADI NG S
IZENWD D BRI BIRF R TIEAS TRV, Z
NZEMFHTIUTRZEEBDOREEYITHB T 2R
ABEOMNMPRATSIA L TDIAIT, 5
IR ARSI R U THi 2 A L S 1 5 nl ek
N5,

10. &HYIC

EFEMNT v~ BAT 6 Bl L 2% #l cDNA 7~
00— > DS112-36 |3/ CPTI 21— KL TWw/z
Z® mRNA 7345, fHifd CPTI 3L B #
BAT 752 ££ < DR = FI 3 2 k&I B W TE
PMIZHEBHL TWDZENRINE. DI —HOD
CPTI THHFEY A 7 4+ — L LT, il
CPTLIZZ DIEMERFIZLDEZ< DA ZF > &b

BEEL, FOITAREBEOYOZIL CoAIZEST
HEINDZYATDOTAYV T+ —LTH5. LN
S TEKM BAT TIZ IS LIZ< W) Rl
CPTI 2VEIRAYICHEI L T 5 Z &IT Xk o THy A
TRIVF—RENC b 2 BRI YR 5 35 S s
WEDITHHETI SN TS EHEHI SN 5.

it CPTI & J— K9 25 7 DI G RN
LHMEBITONTHY, KRBT ERITITIENE
RN FF Y — LR RE TS TN Y —
BAINGEET 2 ZENBICHESIN TS, i
T, < FEICfiET 5 CK/EK-B &5 T HEmNIC
% CPTIL AT DIRG & 3HETS 5 B A FIE L
TWBHAEEENE X 5N, DA CK/EK-B (s
TOIREE EBEINTWDENED ) MR CPTI
BLATOERGIEEEZGZ TVWSZEHEZI LN,

7% 413 CK/EK-B L% CPTI Ol /5 DiEfx
TiEIE % B A2 mRNA SFET A2 2SN &
L7=. 2@ mRNA PAEEKNTED KD a8z R
L TOWEONMIESAHTH S0, ESEBHY DK
T LCBWCHELEELETFNSZDXD7/22D
DB THEBZE AT mRNA NEREINTND &
WO HERIZIEFICHEHBREN, INETITHEEL =
cDNA DOHiEFF/ 5, Z @ mRNA |3 CK/EK-8
BLETOIEMRER (7Y > 11) &
CPTI BT @ SIEMIREE (Z7YV 2 1A HDH N
WXLV > 2) OMTREGENNAT I XS
NTELTWEDT, I mRNA 7 CK/EK-£ &
& T OIRE BB S Hi ! CPTI 5T D 3K
UL COMEKZEALTNDEA, 2005 2 )\78
DFERRI— REHZEMS L THALRY X ~O
CHOHEZL TWD I EICRD. 351, AT T
A AINDEMICE ST, 2D0% >IN E D
BY NTENGRINDEEDEZ S NS, DL
FoRFE, 58T ) LAOBSIIEREGAES T
JFEFICHEHERAA THS EEBDN5S.

HiE RETHIT L7281, S RFEE S
HAEYEMEEBETITONEZBDOTHD, THE
W/e/Z & E UFH  shZER (Bl BRUHRLR A3
FEEIR), BIFEREDER B EERET A
WHEWT 2 o & —#d%) WCE<SHILEB L RiFEd
Tz, —HEICERETO RLFEEE 21X C O
FIERBL A2 DTHITT LN S EHOEEZERL
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