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Basic helix-loop-helix transcription factors (bHLH) have been and one 1.6 kb, were isolated by digestion wiitoRI, subcloned
demonstrated to be vital for skeletal muscle, neuronal, hematopointo a pBluescript vector, and sequenced on both strands by fluc
etic, craniofacial, and limb development (Jan and Jan 1993rescent automated sequencing (Model 377A, Applied Biosystems
Zhuang et al. 1994; Howard et al. 1996). Recently, two bHLH Foster City, Calif.).
transcription factors, dHAND and eHAND, were determined to be  The resulting 1.62-kb human eHAND cDNA sequence (Gen-
required for normal cardiac development in both the mouse angank accession: pending) includes a 190-bprranslated region,
chicken. In developing chick embryos, antisense oligonucleotideg 645-bp open reading frame, and a 794-bpuBtranslated se-
directed at both of these proteins arrested cardiac developmeguence with a polyadenylation signal. Comparison with other, pre:
prior to cardiac looping (Srivastava et al. 1995). Recent studiegjously identified eHAND genes revealed a very high nucleotide
have suggested that at least one of these two bHLH proteiniomology between the human, sheep (Genbank accessiol
eHAND, may be downstream of the Csx/Nkx2.5 homeodomainy43716), murine (U40041), and chicken (S79216) eHAND tran-
protein in the transcription factor cascade that directs cardiac MOYscripts (data not shown). The predicted human eHAND protein is
phogenesis and that it may be required for normal cardiac 100piNg15 amino acids (aa) in length, while the murine and chicken
one of _the earliest phases of cardiac structural development (OlsgfyaNnD genes encode for a 216-aa protein and a 204-aa protei
and Srivastava 1996). _ ) respectively (Fig. 1). The murine and human eHAND proteins
In the mouse, these two bHLH proteins are expressed in both e 9304 aa identity overall and 96% aa identity in the 57-aa basi
the mesodermal and neural crest elements of the developing heeﬁélix-loop-helix region, while the sheep and human eHAND genes

(Cserjes_i etal 1995.)' They are expressed in th? precardiac MESRave 100% aa identity in the bHLH region. This is strong evidence
derm prior to formation of a heart tube, and their level of expres-

N ; that this transcript encodes the human homolog of the eHANDC
sion increases as the heart tube forms and begins to loop. Later bne
cardiac development, eHAND expression is restricted to the le s . . . .
ventricle and cgnotruncus, while (EI)HAND expression is restricted_ ~\Mino acid sequence analysis revealed several potentially im
to the right ventricle (Srivastava and Olsen 1996). Therefore, thesBortant phosphorylation sites within the eHAND protein. Con-
two bHLH transcription factors may have a role not only in (:ardiacser\.'ed across ‘"."” f(_)ur Species were consensus sites for phos_ph(
looping but in ventricular specification and growth. Furthermore,ylatlon by protein kinase C (residue 135), tyrosine kinase (res_,lduc
prominent eHAND expression in the conotruncus suggests that§4)’ and cAMP- and cGMR-dependent protein kinases .(res_ldue
also may have a role in conotruncal development. Owing to its?>: 132, and 137). An additional CAMP-dependent protein kinase
potential role in cardiac looping, ventricular maturation and cono-S't€ at the carboxy terminus of the protein (K199) was conserve
truncal development, eHAND may directly or indirectly have a N all species but the sheep. Interestingly, the sheep eHAND pro
role in the genesis of some congenital cardiac defects in human€in is highly homologous to the other three but would be predictec
In this study, we present the cloning, cDNA sequencing, and high{© Stop at the aa corresponding to 1198 in the human. The shee
content radiation hybrid mapping of the human eHAND gene. cDNA sequence for this region contains a polyadenine and thre

BLAST sequence similarity search with the murine eHAND Polyguanine tracts (sequenc&GGATTAAAAGGGG CGCA-
cDNA sequence identified a human CpG island clone (Genbanl@AGGG)- If each of these tracts were shortened by one nucleotid
accession: Z63841) with high homology to the murine eHAND (GGATTAAAGGG CGCACAGG), then the resulting aa se-
gene. By use of the MacVector 4.5 (Eastman Kodak Co., Newguence would be identical to the other three species. Thie3
Haven, Conn.) program PCR primers (sens&A&BCAGC- guence divergence indicates that either this carboxy terminal re
TACATCGCCTACCTGATG-3, antisense: 5TCCCTTTTCC- gion is not vital to the function of the sheep eHAND protein or that
GCTTGCTCTCAC-3) were designed to amplify a fragment of an expansion of these tracts occurred during sequencing. Ther
this putative gene from human genomic DNA. The resulting 122-fore, it is possible that the K199 cAMP-dependent protein kinase
bp PCR fragment was gel purified, random prime labeled withsite is also conserved across the four species and is a physiolog
«-*?P dCTP, and used to screen a human fetal (26-week gestatiogglly important site.
cardiac cDNA library (Clontech Inc., Palo Alto, Calif.). This 122- The regions demonstrating the greatest variability between th
bp eHAND probe hybridized to 28 outf d x 1C° plated clones different eHAND proteins are the polyhistidine and alanine-rich
(based on duplicate filters). Two clones were plaque purified andracts which are N-terminal of the basic helix-loop-helix domain.
isolated from plate lysates with the Qiagen Lambda Maxi Kit Similar polyhistidine and polyalanine sequences have been note
(Qiagen Inc., Chatsworth, Calif.). The cDNA inserts, one 0.4 kbto occur together in other, developmentally regulated genes, suc
as the homeodomain proteigsit and Gsh2, but their functions

_ have not been well defined (Hseih-Li et al. 1995). The variability
Correspondence tavl.W. Russell between species of the eHAND polyhistidine and alanine-rich seg
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o
Human |MNLVGSYAHHHHHHH|--- - [PEPAHPMLHEP| 26 &
Sheep [MNLVGSYAHHHHHHHHHHHPHPAHPMLEHEEP| 30 & N N &
Mouse [MNLVG[RI[YAHHHHHHH|----SHPAHPMLHEP| 26 & & < F @ &
Chicken [M NL VG|G|Y[QJHHEHHHHHHH - - - - - - - MLHEP 23 i & o Jo & T X &
= 8 Q R & ~ g
*
Human |FLFGPASRCHQERPYFOQSWLLSPADAAPDEF| 56
Sheep |[FLFGPASRCHQERPYFQSWLLSPADAAPDEF| 60
Mouse FLFGPASRCHQERPYFQSWLLSPADAAPDTF 56
Chicken [FLFGPAARCHQERPYF[FOWVLNPAEVTPE[L 53 9.5 kb —
7.5 kb —
Human PAGGPPPAAA--AAATAYGPDARPGOQSPGR 84
Sheep [PAGGPPPTTAVRAAAASYGPDARPGOSPGR| 90 4.4 kbe—
Mouse |PAGGPPPTTAV--lAAAAYGPDAREP[s|gSPGR| 84
Chicken HGQ S|P[- - - - - - - = - - - AYGP[AEFGSGGA|GR| 72
x 2.4 kb —
Human LEALGGRLGRRKGSG|-|IPKKERRRTESTINSA 113
Sheep |[LEALGGRLGRRKGSG|-[PKKERRRTESTINSA|l 119
—
Mouse |LEALG[S|JRL[PYRKGSG|-[PKKERRRTESTINSA|l 113 eHAND -
Chicken |LEAL[SJGRLGRRKGSG|VGKKERRRTES INSAl 102
1.35 kb —
. «
Human |[FAELRECIPNVPADTKLSKIKTLRLATSYTI| 143
Sheep |[FAELRECIPNVPADTKLSKIKTLRLATSYI| 149
Mouse FAELRECIPNVPADTKLEKIKTLRLATSYI 143
Chicken FAELRECIPNVPADTKLSKIKTLRLATSYI| 132
Human |AYLMDVLAKDAQSGDPEAFKAELKKADGGR| 173 GAPDH
Sheep |AYLMDVLAKDAQAGDPEAFKAELKKADGG GR| 179
Mouse (AYLMDA|JLAKDAQAGDPEAFK[VIELKKTDGGR| 173
Chicken AYLMEVLArRlDSQF]GEPE['G]FKAELKKADG|—|R 162
. Fig. 2. Human multiple-tissue Northern blot analysis of eHAND expres-
Human |ESKREKREL-[QQHEGFPPALGPVEKRIKGRT| 202 sion with a 340-bp human eHAND cDNARsi fragment (includes the
Sheep [ESKRKRELI-QOHEGFPPALGP[GERKRD - - - - 204 eHAND bHLH coding sequence). A GAPDH probe was used to demon-
Mouse |ESKRKREL|P|QQ[FIEGF PPA[S|GP|G/EKRIKGRT| 203 - : : . .
Chicken |[EN K R K R E[- - T|o|p|E A HG|EK[KL]KGRT| 189 strate the differences in mRNA loading on the multiple-tissue Northern

blot (Clontech Laboratories Inc.).

Human |GWPQQVWALELNQI 215
Sheep - - - - - - - - - - - - - 204

Mouse G wPOlkvw L.E:Lnlgj 216 chromosome 5
L ELN[P

» P

Chicken [GWPQQVW 202

Fig. 1. Comparison of the predicted amino acid sequence of the human
sheep, mouse, and chicken eHAND genes. Identical amino acid residue
are enclosed in shaded boxes. Conserved amino acid substitutions a
contained within the box but are unshaded. Non-conserved amino aci
substitutions are unshaded and not enclosed within a box. Gaps in th

alignment are represented by dashes (-). The bHLH domain is underlinec 5¢33
Asterisks (*) denote those residues that are conserved consensus sites & o
phosphorylation by either cAMP or cGMP-dependent kinases (residues 9t 12? ¥ C;,\“ A & &
132, 137, and 199), tyrosine kinase (residue 34), or protein kinase C (res é” g & é‘ IS8 S
due 135). weacle 432 centromere ———} } } } } tel
cHAND q33

) ) ) Csx/Nkx2.5 q34 ..... E: .....

ments has several possible explanations: 1) these regions are re eHAND

tively less important to the functions of the eHAND protein, 2) the _ _ _ _
functions of these two regions vary slightly between the differentFig. 3. Representation of human Chr 5 with approximate ordering of
species, or 3) although the presence of these two regions may I§€"€s and markers on 533 [based on Stanford RH map (http://shg

; ; ; ; i< Stanford.edu), HUGO Chr 5 genetic map (through Genome Database; http
:gqnzot[ltailgtlégst?nip?ﬂ;ﬂ?ns of the eHAND protein, their precise /gdbwww.gdb.org/), and TCOF1 physical map (The Treacher Collins Syn-

; . . drome Collaborative Group 1996)]. Radiation hybrid mapping localizes
To examine the expression pattern of éHAND in human adultoyAND to within 500 kb of D5S2640 (Brown 1996). The exact localiza-

tissues, a 340-bPst fragment (including the entire bHLH coding  tion of eHAND compared with ANX6 cannot be precisely determined;
sequence) was random prime labeled and hybridized overnight afproximate eHAND localization is represented by a box with dashec
42°C to a multiple-tissue Northern blot (Clontech Inc.). The blot lines.
was washedi 2 x SSC/0.1% SDS at room temperature for 30 min,
then with 1 x SSC/0.1% SDS at 50°C for 20 min. After exposure
at —=70°C for 96 h, two bands, 1.8 and 2.4 kb, were detected in thgene, we developed an STS from theuditranslated cDNA se-
heart but not in brain, placenta, lung, liver, skeletal muscle, kidneyguence (sense:" ACGCAGGAAGATGAA-AGGCTG-3, anti-
or pancreatic tissue (Fig. 2). Since the murine eHAND andsense: 5GATGGCAGGATGAACAAACAC-3) and used it to
dHAND cDNA sequences have 77% nucleotide identity over themap the gene on a high-content radiation hybrid panel (Stanfort
corresponding 340-bp fragment, it is possible that this probe de&3 RH panel; Brown 1996). The panel was scored twice, and ¢
tects both transcripts. This possibility was examined by seriallyhigh LOD score of 7.1 to markeD5S2640on Chr 5932 was
reprobing the blot with 3 untranslated human eHAND and obtained both times. This marker maps just telomeric to the
dHAND cDNA probes (data not shown). The 8HAND probe  Treacher Collins Syndrome locus and near the previously mappe
detected a single band at 1.8 kb, while the dHAND probe detectednnexin gene, Anx6 (Fig. 3). This map localization is consistent
a single band at 2.4 kb. Therefore, while the 2.4 kb band in Fig. 2vith the mapping of the mouse eHAND gene (Handl) to mouse
may represent an alternatively spliced eHAND transcript with aChr 11 at 31.5 cM (Cross et al. 1995) just telomeric to the mouse
different 3 untranslated region, it most likely represents cross-Anx6gene on Chr 11 at 29 cM (Mouse Genome Database; http/
hybridization of the original probe to the dHAND transcript. www.informatics.jax.org/mgd.html).

In order to determine the map location of the human eHAND  The Treacher Collins syndrome (TCOF1), an autosomal dom:
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inant disorder characterized by abnormal pinnae, hypoplasia of th&cknowledgmentswWe thank Drs. Lawrence Brody and Stephanie Burns
facial bones and cleft palate, is caused by mutations or deletions of/echsler for their critical readings of this manuscript and for their tech-
the treacle gene, which would be predicted to terminate transcripﬂical advice. This research was sqpporteo_l in_ part by grants from the Chil
tion prematurely (The Treacher Collins Syndrome CollaborativeHealth Research Center, University of Michigan (M.W. Russell) and the
Group 1996). Patients with TCOF1 are at increased risk for conNIH (S. 1zumo).

genital cardiovascular abnormalities, which can include cardiomy-

opathy (2% of patients) and ventricular septal defects (VatreReferences

1971). Given the vital role of eHAND in murine and avian cardiac

development and the proximity of the human eHAND gene toBrown DM (1996) High content mapping with radiation hybrids. J NIH
treacle, it is possible that some TCOF1 patients with congenital Res 8, 57
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Interestingly, while the mouse eHAND gene is highly ex- bryonic membranes during mouse development. Dev Biol 170, 664—67¢
pressed in the heart during development, it is not expressed dtoward TD, Paznekas WA, Green ED, Chiang LC, Ma N, De Luna RIO,
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the adult heart (Cserjesi et al. 1995). The relatively high level of in TWIST,a basic helix-loop-helix transcription factor, in Saethre-
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human, it may have cardiac functions beyond its roles in cardiaé_'sgfsrﬂ‘z' HaMrh\Lj\r/ilrt:s Eghiéttj)gs; Je(r:]’e V\éi'nféz'slgﬂ'irl;' tﬁépdoet% OSSin(lgb%Z?n
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muscle-specific bHLH protein, has been determined to associat ' ; : ; ' '

- > . ' . and endocrine dependence. Circulation 83, 13-25
with the immediate early protein c-jun and down-regulate the ex- ! P rewat .
pression of c-fos (Rudnicki and Jaenisch 1995). In the heart inplsoln EN, Stn\éas_tava 27(;92‘75)1 N(I;;Igcular pathways controlling heart de-
. - Zo2) ' velopment. Science , 671~
creases in the level of expression of these immediate early gen i . . -
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(Morgan and Baker 1991). Since MyoD is not expressed in cardlaq‘S . vog v . ) .
myocytes, it is possible that eHAND is the bHLH protein that rivastava D, Olsen EN (1996) Deletion of the cardiac basic helix-loop-

. o - . helix transcription factor, dHAND, results in embryonic lethality. Cir-
regulates the expression and activity of some immediate early . ation (Suppl.) 94, 1-46

response genes in the heart. Consequently, it may have a role Ylivastava D, Cserjesi P, Olson EN (1995) A subclass of bHLH proteins

structural remodeling or hypertrophy of the heart in response 0 equired for cardiac morphogenesis. Science 270, 1995-1999
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gests that it may have an important role in the transcriptional/atre J-L (1971) Bude gedique et classification clinique de 154 cas de

regulation of adult cardiocytes. The cloning of this gene will allow  dysostose mandibulo-faciale (syndrome de Franschetti), avec de leu
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