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A full-length cDNA coding for chicken slow muscle troponin T (TnT) was for the first time isolated
from a cDNA library of 10-day-old embryos, using an RT-PCR product of chicken slow muscle TnT. It
showed about 60% homology for chicken fast and slow muscle TnTs and 75.2% for human slow muscle
TnT. The 16 amino acid sequence found in the carboxyl terminus of human slow muscle TnT was absent
in the chicken slow muscle TnT. The 5E-5A-7E sequence found in the amino terminal region of chicken
slow muscle TnT was partly similar to the counterpart of human slow muscle TnT, but not to those of
chicken fast and cardiac muscle TnTs. With this report of chicken slow muscle TnT, cDNA information
on chicken TnTs of all three striated muscles was completed following those of human TnTs. © 199
Academic Press, Inc.

Troponin is a regulatory protein of muscle contraction and composed of three components,
troponin T (TnT), troponin |, and troponin C. Of the components, TnT is popularly known
for itsvariation of isoform composition in skeletal (1-8) and cardiac (9-12) muscles. Especialy,
chicken fast skeletal muscle was well studied and found to express at least 4 kinds of mMRNASs
which cause many kinds of isoform although the functional significance could not be addressed
yet. On the other hand, chicken slow skeletal muscle does not attract much concern, probably
for the poor variation of TnT isoforms; the muscle expresses only two isoforms of different
pls (7). As for cDNA analysis of slow muscle TnT, Gahimann et al. (13) reported two kinds
of variants for human muscle.

In chicken muscle, cDNAs of fast (4) and cardiac (10) muscle TnTs were isolated and
studied with precise description of exons, while no information about the cDNA of chicken
slow muscle TnT was so far reported. In order to fill up the lack of information about chicken
muscle TnTs, we carried the isolation of chicken slow muscle TnT cDNA to compare the
sequences among three different muscles and find some clues to study differential expression
of TnT isoforms.

MATERIALS AND METHODS

Materials. White leghorn chickens (Gallus domesticus (L)) were obtained from commercial sources.

Protein sequencing. Two-dimensional SDS-polyacrylamide gel electrophoresis (2D SDS-PAGE) was carried out
according to the method of Hirabayashi (14). Slow muscle TnT spots of anterior latissimus dorsi (ALD) (7) were
cut out from 2D SDS-PAGE gels stained with Coomassie Brilliant Blue R-250 (Sigma). The protein was digested
with Staphylococcus aureus V8 protease (ICN ImmunoBiologicals) according to the Cleveland's method (15,16). The

The nucleotide sequence data reported in this article have been deposited with the DDBJ, EMBL, and GenBank
Databases under Accession No. D85105.
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Fragment1 GERVDFDDIHRKRMKDLLE

A . C CA AA
5'-mixed primer GGCTCGA GGA TATI CA TCGIAA GCGIATG

Xho 1
Fragment2 AKKRAEDDAKKKKVLSNMPHFGGYLAKAEQ

3-mixed primer GGGGA TCCCCI CCRAARTGI GGCATRTT

“BamHT
FIG. 1. Partial amino acid sequences of chicken slow muscle TnT and 29-mer and 28-mer oligonuclectide se-
quences. Fragments 1 and 2 were composed of 19 and 30 residues, respectively. 5'- and 3'-mixed primers which
were designed based on the underlined amino acid sequences of the fragments are shown with recognition sites
(dashed underlines) of Xhol and BamHI.

fragments were separated by SDS-PAGE with 18% polyacrylamide gels and electroblotted onto a PVDF membrane
(Pad). Major bands were cut out from the membrane and sequenced by ABI 477A Protein Sequencer.

RNA preparation and reverse transcription-polymerase chain reaction (RT-PCR). Total RNA preparation was
performed by using Isogen (Nippon Gene) following its protocol. Reverse transcription was performed using 10 ug
of total RNA and 0.5 g of oligo (dT)...4¢ a 37°C for 60 min with Superscript 11 (Gibco BRL). The reverse primer
and forward primer are shown in Fig. 1. Thirty cycles of PCR were performed at 94°C for 1 min, at 37°C for 2 min,
and at 72°C for 1 min with Taq DNA polymerase (Gibco BRL). Products were cloned in pBluescript 1| KS* plasmid
and sequenced.

Cloning of chicken slow muscle TnT cDNAs and their sequencing. cDNA clones encoding chicken slow muscle
TnT were isolated by screening a commercially available chicken cDNA library (whole tissues of 10-day old embryos,
Stratagene) constructed in lambda gt11 with the RT-PCR product. Hybridization was carried out at 42°C for overnight
in 6XSSC (1xSSC, 8.765 g of NaCl and 4.41 g of sodium citrate in 1 | of H,0), 1% SDS, 5xDenhardt’s reagent
(1xDenhardt’s reagent, 0.2 g of Ficoll, 0.2 g of polyvinylpyrrolidone, and 0.2 g of bovine serum abumin in 1| of
H,0), 20 ug/ml ssDNA, and 50% formamide with [**P] dATP-labeled probe. Filters were washed at 65°C in 2xSSC
and 1% SDS. Positive clones were plaque-purified and cDNA inserts were subcloned into pBluescript || KS*™ plasmids.
5’-end amplification of cDNA (5'-RACE) method was performed according to the improved method of Frohman et
al. (17). The gene-specific amplification primer was 3'-mixed primer (Fig. 1). Forty cycles of PCR were performed
at 94°C for 1 min, at 55°C for 1 min, and at 72°C for 1 min with Taq DNA polymerase. PCR products were cloned
in pBluescript || KS™ plasmids. Nucleotide sequence analysis was carried out according to the method of ABI 373A
DNA Sequencing System Protocol.

Northern blot analysis. Northern blotting was performed using 10 pg of total RNA electrophoresed on an agarose-
formaldehyde gel and transferred to a nylon membrane. Hybridization was carried out at 42°C for overnight in 6XSSC,
1% SDS, 5xDenhardt’s reagent, 20 ug/ml ssDNA, and 50% formamide with [*?P]dATP-labeled cDNA fragments
(Fig. 2). Filters were washed at 65°C in 2xSSC and 1% SDS.

RESULTS AND DISCUSSION

In order to get amino acid sequence information, we cut out troponin T spots from gels
of ALD extract separated by 2D SDS-PAGE. The spot identification was carried out ac-
cording to Yao et al. (7) in which they used a specific anti-chicken slow muscle troponin

sTnT-a3
stnt-5'R 1
stnt-5'R 20b
P K B E
v 9 )
m
0AUG 0.5 STOP 4o Kb

FIG. 2. cDNAs and restriction endonuclease cleavage map of the slow muscle TnT mRNA. The bottom line
represents slow muscle TnT mRNA with trandlation initiation and termination sites. The heavy lines above this are
three cDNAS, sTnT-a3, stnt-5'R1, and stnt-5'R20b, which include 5'- and 3'-untranslated regions and open reading
frame. The sSTnT-a3 was used as a probe for RNA hybridization experiment. Restriction endonuclease cleavage sites :
P, Pstl; K, Kpnl; B, BamHI; E, EcoRI.

201



Vol. 226, No. 1, 1996 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

10 20 30 40 50 60 70
GAGCCAACAGGACCGACCCCACCGGACCCCCCCGACCCGCAGCCATGTCCGAAGCTGAGGAGGAATACGA
M S E A E E E Y E

80 90 100 110 120 130 140
GGAGGAGCAGCCCGAAGAGGAGGAGGAGGCGGCGGCGGCEGCGGAGGAGGAGGAGGAAGAGGAAGCAGAG
E E Q P E E E E E A A A A AETETETETETETEA AE

150 160 170 180 190 200 210
GCTTCCAAACCTCATGAGGAGCCAGAAGAGGAGCGGCCTCGGCCTCGGCCTGTGGTGCCCCAGCTGGCCC
A S K P H E E P E E E R PR PIRP VYV V P QL A P

220 230 240 250 260 270 280
CCCCCAAGATCCCCGAGGGGGAGCGCEGTGGACTTCGATGACATCCACCGGAAGCGCATGGAGAAGGACCT
P K I PEGERVYV DVF DDTIHRIEKI BRMMET KTDL

290 300 310 320 330 340 350
GCTGGAGCTGCAGACCCTCATTGACGCCCACTTCGAGCAGCGGCGCCGCGAGGAGAACGAGCTGGTGGCA
L E L Q T L I DAUHUPFPFEU QU RURTR RETENTETLV A

360 370 380 390 400 410 420
CTGATGGAGCGCATTGAACCGCGCCGGGCGGAGCGCAACGAGCAGCTGCGGAGCCGCACGGAGAAGGAGC
L M E R I E RRRAEU RNEU QLRSI RTEIKER

430 440 450 460 470 480 490
GCGAGCGGCAAGCAAGGCTGGCAGAGGAGAAGCTCCGCAAGGAGGAGGAGGAGGCCAAGAAGCGAGCCGA
E R Q A R L AUEZEI KT LR RIKETETETEA AIZ KT KT RAE

500 510 520 530 540 550 560
GGATGACGCCAAGAAGAAGAAAGTCCTGTCCAACATGCCCCACTTCGGGGGGTACCTGGCCAAGGCGGAG
D DA KK K KUVIL S NMPHUPF G G Y L A KA AE

570 580 590 600 610 620 630
CAGCGGCGTGGGAAGCGGCAGACGGGGCGGGAGATGAAGCTGCGCATCCTGGCTGAGCGCAAGAAGCCCC
Q R R G KR QT GG R EMEKTULRTIULA AZET RIKITI KPIL

640 650 660 670 680 690 700
TCCACATTGAGCACATGCGGGAGGATGAGCTGCGGGCCAAGGCCAAGGAGCTGCACGACTGGATCCAGCA
H I E HM R E D E L RAI KA AI KETULHUDWTIOQAOQ

710 720 730 740 750 760 770
GCTGGAGTCGGAGAAGTTCGACCTGATGGAGAAGCTGCGGCGCCAGAAATACGAGATCAACGTTCTGTAC
L E 8 BE K F DL M E KL R®ROQI K YETINTUVTLY

780 790 800 810 820 830 840
AACCGCATCAGCCATGCCCAGAAATTCAAGAAGGTGGTGGGCAAAGGCCGCGT GCTGGAAGT
N R I 8 HA Q K F KKV V G K G R YV 66 G R W K *

850 860 870 880 890 900

GACCCCTCCCCCCGCCCGRTGCTGCTGCGGCCCAATAAAGCTCTGCTCGTCCGCTCCG
ey ===

FIG. 3. Complete nucleotide sequence of chicken slow muscle TnT cDNA and the deduced amino acid sequence.
A stop codon, TGA, is marked with asterisks. The polyadenylation signal, AATAAA, is underlined.

T serum for the identification. After Cleveland’s digestion and separation of TnT spots,
three major bands were found and their partial amino acid sequences were analyzed. Two
of the three showed the same sequence. Their partial amino acid sequences, 19 residues
(fragment 1) and 30 residues (fragment 2), were determined as shown in Fig. 1. Based on
these amino acid sequences, two mixed primers were designed and used to generate cDNASs
by RT-PCR. Amplification of total RNA isolated from gastrocnemius of 1-day old chicks
generated cDNA products of approximately 300 nucleotides (nt) (data not shown). Using
one of the products as a probe, cDNAs of slow muscle TnT were isolated from a chicken
cDNA library and one of the cDNA was designated sTnT-a3 (Fig. 2) which had the
polyadenylation signal, AATAAA, but lacked the translation initiation site, ATG, unfortu-
nately. To compensate the lack of information we performed 5’-RACE method and isolated
2 clones, stnt-5'R1 and stnt-5"R20b (Fig. 2), which were revealed to contain the translation
initiation site and 5’-untranslated region. Nucleotide sequences from the two clones were
the same except three bases (bases 135 ~ 137 in Fig. 3), that is, these bases were absent
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FIG. 4. Specific expression of slow muscle TnT mRNA in ALD, demonstrated by Northern blot hybridization
with sTnT-a3. 10ug of total RNAs from adult chicken brain, liver, pectoralis major, and ALD were separated on an
agarose-formaldehyde gel and transferred onto a nylon membrane. Chicken slow muscle TnT mRNA is specifically
present in the RNA from ALD.

in stnt-5'R1. The absence of three bases may not cause one of the two spots of different
plsin the 2D SDS-PAGE pattern of ALD (7), since the absence of alanine can not cause
any pl shift. With sTnT-a3 and stnt-5'R20b, the nucleotide sequence of slow muscle TnT
was completed and the deduced amino acid sequence is shown in Fig. 3. The full length
of the slow muscle TnT cDNA is 898 nt, and codes for 265 amino acids.

Northern blotting of the total RNAs from adult brain, liver, pectoralis maor, and ALD
showed specific expression of slow muscle TnT gene only in ALD with no signal for the
others (Fig. 4).

On comparison of amino acid sequences among chicken slow muscle, human slow muscle
(13), chicken fast muscle (4), and chicken cardiac muscle (10) TnTs, the highest homology,
75.2%, was found between chicken and human slow muscle TnTs. When the sequence found
in only human slow muscle (in brackets of Fig. 5) is excluded in the cal culation, the homology
rises up to 80.2%, while it is around 60% between chicken slow muscle TnT and fast muscle
or cardiac muscle TnT. This shows, as in other examples (18,19), that homology is higher
between homol ogous organs from differents species than between different organs of the same
species. The sequence in brackets of Fig. 5 could be found neither in human fast muscle (8)
and cardiac muscle (12) TnTs nor in chicken slow muscle TnT, for which we have tried RT-
PCR five times to detect variant(s) with the sequence using total RNA isolated from adult
ALD, young and adult gastrocnemius muscles. Therefore, the sequence seems to be specific
to one variant of human slow muscle TnT and not to be shared with other slow muscle TnTs,
athough the number of slow muscle TnT investigated so far is limited.

In chicken slow muscle TnT, a seemingly novel 5E-5A-7E sequence (underlined in Fig. 5)
isin the amino terminal region. This sequence is absent in other chicken TnTs, and seems to
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ch sTnT SEA------—--——- EEEYEEEQPEEEEEAAAAAFEFEEEEA-E---
h sTnT *DT--——————— E*QAk Ak kK AR KK — —Hk—— — KRR KK — KD K — = —
ch fTNT *DTEEVEHG--———*¥*%kkkk——————_ YHE*E*VHX * *VH - % ———

ch cTnT *DSEEVVEEYEQEQ* * **V* *EE* *WL,*EDDGQ*DQVD* *EE* TEE

—————————————————— ASKPHEEPE-EERPRP-RPVVPQLAPPK
__________________ EPE*VA* A X _k*k kAKX Ghk Ak *kPAThhk
------------------ PAP*P**AP—**EEK*—%———TK*TA**
TTAEEQEDETKAPGEGGEGDREQ*PG*G*SK*K*~K*FMAN*V* & *

IPEGERVDFDDIHRKRMEKDLLELQTLIDAHFEQRRREENELVALM
Je 9 3 Je 3 dedk ke ke ek d d ok ek ke e ok ek e ke A ATk kAR KK ARk Kk ok A K

ek kKK Kk kX ROR K KON, * K Tk kA xk kG Kk ok Ad KKk *EK Kk ok *K
KADIRRL AR ARKR KKK RA AR ANKA AR AER A Ak SKKRK*AEX X T S*K

ERIERRRAERNEQLRSRTEKERERQARLAEEKLRKEEEEAKKRAED
KAKKKKKGHKPAKKQAF AR KKk hkk X RRKAdk A KMAxhhdhkdkkdkdk

Khk KK RA KK HAKKO K TARK* Kk KR hk Kk k ok dok k kA KR* A kDK *RK* % %
DX **QRh* kK AKXKOX T AGARAKNH Kk kMr*k *RAK K Xk ¥ X A RAK* *K

DAKKKKVLSNM-PHFGGYLAKAEQRRGKRQTGREMKLRILAERKKP
e 3k e ok ek o o ke (G2 3 ok ok sk Yok ok sk Tk ok ok ok o e ok e Y7 ok ke Gk ke ok
KLAKRKRAA KA SAGASYSSk Ak A ADKR A A A KA KA * AFPAKKYV ARk kR**
EXR***AF* %% _Lk k kA XMO* SAKKG* AKX kE* KK A KK X *S* *R¥* %

LHIEHMREDELRA-—————————————— KAKELHDWIQQLESEKF
*D*DY*G*EQ***BSAWLPPSQPSCP S de ) de K Gk ok ok ] ok ok e e e ok
ANAD*AIN* KKK XD - ————————— = —— = — X3 ek KTh KT Y kR QT X XY
KN*ADALS*AKAMD — — m e e e e e k% k AFOTHRD* * Rk *

DLMEKLRRQKYEINVLYNRI SHAQKF - - -KKVVGKGRVGGRWK
e de g 2y de KR () e ok ok e e e e e ek e ok ok ok sk ok — — R Gk ok ok o e e ke

*FAXQIK*K* * ** LT*RC¥*LOELS* % — - SX X AGA X * K% % X % %
FRQRKFRIK Kk hk k% KRIKYVRDHN *VRGS*ARAR* K TMk % %ok & %

FIG. 5. Comparison of the amino acid sequence of chicken slow muscle TnT (ch sTnT) with those of human slow
muscle (h sTnT : H22h) (13), chicken fast muscle (ch fTnT : TNT-3) (4), and chicken cardiac muscle (ch cTnT :
form 1) (10) TnTs. The amino-termini of human slow, chicken fast, and chicken cardiac muscle TnTs start with S-
D-, while only chicken slow muscle TnT starts with S-E-. The counterpart of the exon(s) encoding 16 amino acids
(in brackets) inserted in the carboxyl-terminus of human slow muscle TnT is not detected in any of chicken TnTs
(see text). The amino acid marked with an arrow was absent in stnt-5'R1. The 17 amino acid sequence underlined
in the amino-terminal of chicken slow muscle TnT seems to be an unusual sequence, athough the counterpart in
human TnT is similar to some extent. Identical amino acids to those in chicken slow muscle TnT are shown as
asterisks (*). Deletions introduced to maximize homologies are shown as dashed lines (—).

be restricted to chicken slow muscle TnT. But, close inspection of Fig. 5 reveds that this
seguence has some similarity to the counterpart of human slow muscle sequence and dissimilar-
ity to those of chicken fast muscle and cardiac muscle sequences. The significance of the
repeated sequence is to be studied, and might reflect some function specific to slow muscle,
since it follows a 7 residue sequence (residues 4~ 10 from the amino acid terminus of chicken
slow muscle TnT) of high homology among the 4 kinds of TnTs, although it isin the region
out of the functional domain (20,21).

Isolation of chicken slow muscle TnT is considered to be significant in studying the mecha-
nism of tissue specific expression of TnT genes. In fact, chickens are the second material in
which cDNAs of al three striated muscle TnTs were isolated. But, unlike human material,
chickens are much popular in developmental study of muscle differentiation, and with the
addition of this information on chicken slow muscle cDNA, it became possible to carry a
comparative study on the troponin T expression mechanism in three striated muscles along
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developmenta processes. We have now isolated the 5’ promoter region of the chicken slow
muscle TnT, and are investigating its regulatory mechanism.
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