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The establishment and operation of the nervous sys- INTRODUCTION

tem requires genetic regulation by a network of A burgeoning number of proteins have been found
DNA-binding proteins, among which is the zinc finger o contain domains that fold when stabilized by bound
superfamily of transcription factors. We have cloned zinc jons (reviewed by Berg and Shi, 1996). These zinc
and characterized a member of the unusual Cys-Cys- finger proteins function in a variety of DNA—protein and
His-Cys (also referred to as CygHisCys, CCHC, or  protein—protein interactions and include a host of transcrip-
C2HC) class of zinc finger proteins in the developing tjon factors that are found in the nervous system. The
nervous system. The novel gene, Mytl-like (Mytll), is transcription factor TFIlIAs the prototype of the Giis,
highly homologous to the original representative of cjass of zinc finger proteins, one of the over ten different
this class,Myelin transcription factor 1 (Mytl) (Kim  stryctural classes of zinc fingers which already has
and Hudson, 1992). The MYT1 gene maps to human seyeral thousand members. Mytl represents a novel
chromosome 20, while MYT1L maps to a region of stryctural class of zinc fingers, based on the £jsCys
human chromosome 2. Both zinc finger proteins are (ccHC) coordination chemistry and secondary structure
found in neurons at early stages of differentiation, predictions (Kim and Hudson, 1992). In addition, based
with germinal zone cells displaying intense staining upon primary sequence comparisons, the Mytl class
for MyT1. Unlike Myt1, Mytll has not been detected gjffers markedly from the other class of GitsCys

in the glial lineage. Neurons that express Mytll also fingers, typified by the retroviral nucleocapsid proteins
express TuJ1, which marks neurons around the period (covey, 1986). Moreover, circular dichromism spectra

gf t.ermigal mitOSiS-h'Thi Mytil prcl)tein Iresides :n studies suggest that a metal-bound Myt1 zinc finger lacks
istinct domains within the neuronal nucleus, analo-
gous to the discrete pattern previously noted for Myt1 ﬁbbreviatior:_s: Mytl, _rogjengc myelin. translcription factolr_ 1; MYT;,
(Armstrong et al.: 14:303-321, 1995). The developmen-"uman myelin transcription factor 1; Mytll, rodent myelin transcrip-

. L ie tion factor 1-like; MYT1L, human myelin transcription factor 1-like;
tal expression and localization of these two multifin- p p proteolipid protein.
gered CCHC proteins suggests that each may play a
role in the development of neurons and oligodendrog-

lia in the mammalian central nervous system. J. Neurosci.
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the a-helix and B-sheet secondary structure typical ofegion was cloned by rapid amplification of cDNA ends
CysHis, fingers (E.H. Cox, M.C. Posewitz, and D.Eusing the cDNA Amplification kit (Clontech, Palo Alto,
Wilcox, personal communication) and further support th€A). The primers designed for this region and the coding
structural uniqueness of Myt1. region were used to produce PCR products. The sense
Mytl was originally cloned in a screen for DNA-primer was 5>AAGAGCAGCTACAGTAGCTACCAGG-
binding proteins that recognizeis elements in the 3', and the antisense primer wasAACACACCAC-
promoter region of the most abundantly expressed myelBAGGTACTGTGAGTC-3. PCR was carried out for 30
protein, proteolipid protein (PLP) (Berndt et al., 1992¢ycles: at 94°C for 1 min, at 60°C for 2 min, and at 72°C,
Kim and Hudson, 1992). Mytl was found to be highly8 min. The resulting PCR products were subcloned into
expressed in cells of the subventricular zone (Armstrotige pCRII vector using a TA cloning kit (Invitrogen, San
et al.,, 1995), a germinal area from which neuronfiego, CA) and sequenced.
astrocytes, and oligodendrocytes arise, suggesting that The original Mytll cDNA was initially cloned as an
this DNA-binding protein may influence the differentiaexpressed sequence tag from a human brain cDNA library
tion of neural progenitors. Moreover, Mytl was present éddams et al., 1993). The original clone, HFBEE29
the earliest stage of the oligodendrocyte lineage th@brresponding to EST05024), was purchased from Ameri-
could be identified in culture (i.e., cells that are immuean Type Culture Collection (ATCC; Rockville, MD) and
nopositive for nestin and polysialic acid N-CAM antibodwas used for further extended screening with a human
ies) and was maintained until oligodendrocytes maturéetal brain cDNA library (Stratagene, La Jolla, CA). In
(Armstrong et al., 1995). Recently, the isolation of theotal, about X 10° plaques were screened. The positive
Xenopudorm of Mytl has established a role for Myt1 inclones were converted to plasmid by the in vivo excision
neuronal differentiation in the invertebrate nervous syprocedure described by the manufacturer and sequenced
tem (Bellefroid et al., 1996)XenopusMytl is capable of using a sequenase 2.0 kit (U.S. Biochemical Corp.,
inducing neuronal differentiation when expressed ectoffileveland, OH). To obtain the mouse cDNA clone for
cally, and mutations which interfere with Myt1 functionMytll, primers whose sequence was based on the human
inhibit normal neurogenesis (Bellefroid et al., 1996cDNA clone were used in a PCR amplification reaction,
While invertebrates appear to have only a single represeéogether with cDNA prepared from mouse total RNA.
tative of the Myt1 class of CyblisCys zinc fingers in the The sense primer was-ATTTCTCGAGCAAGTGTC-
nervous system, vertebrates possess at least two. (Wi€#ACCCC-3, and the antisense primer wasBGTG-
et al., 1995). We report here the cloning and characteriZaAGACAGCAGCAGCTATAAAC-3. 5 and 3 regions
tion of a highly homologous family member of Mytl,of the cDNA were isolated using the cDNA Amplification
designated Mytl-like (Mytll) in mouse and MYT1-likekit (Clontech, Palo Alto, CA) according to manufactur-
(MYT1L) in man, together with the chromosomal localer’s instructions.
ization of Mytl and the Mytll family member. Our
results document the expression of both Mytl and Myt8hromosome Mapping

protein and mRNA in immature neurons of the murine For mapping the humaMYT1andMYT1Lgenes, a
CNS. A comparison of the neuronal expression of Myt}, containing BamHI-digested genomic DNA from a
with the combined neuronal and glial expression of Mytlo o1 of monochromosomal human/rodent hybrid cell
suggests that these two zinc finger proteins play distingfes (oncor, Gaithersburg, MD) was probed with radiola-
roles in the developing nervous system. beled Myt1 or Myt1l cDNA. Both probes were generated
by first amplifying a cDNA segment from the human
MYT1 plasmid (pMYT1a) or the human MYTL1L plasmid
MAT!ERlALS AND METHODS (pPHEB4), and then random priming (Gibco/BRL, Gai-
Cloning of Mouse Myt1 and Mytl1l cDNAs thersburg, MD) the gel-purified 215-bp Mytl product
To obtain the mouse cDNA for Mytl, total RNA(amino acids 604—736) and the 398-bp Mytll product
from mouse embryonic day 11 was reverse transcribed(amino acids 497-568) witl¥{P]-«dCTP. For the MYT1
produce single-stranded cDNA, and then Mytl-speciffrobe, the PCR reaction included 3 ng of template and
cDNAs were amplified by polymerase chain reactioBO0 ng of each primer (EIH;’SGCCCATGTGTTTTGT-
(PCR) using primers from the’ Bintranslated region and GAAGCAGCTC-3, E2H; 5-ATTGAAAGGCTTTAG-
the coding region (amino acids 561-568) of a MytGTGAGGTTTC-3) and was cycled 30 times at 95°C for
genomic clone (CWO009). The sense primer wds 51 min, then 60°C for 2 min and 72°C for 3 min. For the
GTTCTCAGACACCAAGAGCAGGTAC-3,andthean- MYT1L probe, the PCR reaction included 10 ng of
tisense primer was'SATTGGAAGGCTTTGGGTGAG- template and 500 ng of each primer (HLO: GCTCAG-
GTTTC-3. Approximately 2 kb of the 3untranslated GCCAATGTGCTTTGTGAAG-3, H11l; 5-CTCCAT-
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GTCGTGCGTGTAGTCGAAG-3 and was cycled 30 prepared, as detailed in Armstrong et al. (1995). In situ
times at 94°C for 1 min, then 55°C for 2 min and 72°C fohybridization was performed on tissue sections according
3 min. Hybridization was carried out at 42°C for 16 hr ino the procedure described for cultured cells (Armstrong
50% formamide, & Denhardt's solution, 8 SSPE (0.75M et al., 1995), with the addition of a 15-min 37°C digestion
NaCl, 50 mM NaHPQ,, SmMEDTA), 1%sodium dodecyl with proteinase K (10 mg/ml) prior to acetylation and
sulfate (SDS), 100 pug/ml herring sperm DNA. Nonspecifiypyridization. Hybridizations with digoxigenin probes
cally bound probe was removed by washing the mergpecific for the 3untranslated region of the rat Myt1 or
brane three times, 1 hr per wash, in8.83SC with 1% \;v41| or for PLP (as described above for the Northern

SDS at 55°C. Under these conditions of hybridizatioQsi f . lel duri h .
stringency, the human MYTL1 probe can bind to both t Qnea:1¥3|s), were performed in parallel during each experi

rodent and human Mytl genomic fragments; likewise, the ™
human MYT1L probe can bind both the rodent and

human Mytll fragments present on the blot. Antibody Production and Immunoblot Analysis

. An antiserum directed against a synthetic peptide
Northern Analysis corresponding to an internal region of Myt1l (amino acid
RNA was isolated from enriched populations ofesidues 207-223 in Fig. 1) was produced in New
cultured O-2A progenitors, oligodendrocytes, or astrgzealand white rabbits by Research Genetics (Huntsville,
cytes (each prepared as described in Armstrong et @1,y The synthetic Myt1l peptide (LGKIAEDAAYRAR-
1995), as well as brain, spinal qord, and sciatic nerve frOffESE) was not homologous to any region in the Mytl
postnatal day 2 rat, according to the procedure @iyein The anti-Mytll peptide antibody titer was deter-
Chomezynski and Sacchi (1987). Poly ARNAs from Eﬁiﬂed by enzyme-linked immunosorbent assay (ELISA)

different stages of the rat development were prepar . . - .
according to the manufacturer’s protocol (Promega poly. h the peptide on the solid phase. To affinity purify the

tract kit). Total RNA (2 ug per lane) or polyARNA (1 a'nt?body, 'first a Myt1l-His f_usion.protein containjng the
ug per lane) was fractionated by electrophoresis througﬁ]mo acid residues used in antiserum production (Nos.

1% formaldehyde/agarose gels, transferred to nitrocel U7-223) was constructed: a PCR product with Xhol

lose, and hybridized with a digoxigenin-labeled ribo(_ends, extending from positions 1263-1842 of the nucleo-

probe for Mytl or Mytll. Riboprobes were prepare&jde sequence in Figt_Jre 1,Wa_S cloned into the_ Xhol sitg of
which would hybridize with the 3untranslated region of PET16D for expression of His-tagged Mytll in bacteria.
each gene to differentially detect Mytl relative to thdnen the recombinant protein was expressed essentially
Myt1l. Each probe was transcribed in vitro and labele®s in Armstrong et al. (1995). The anti-peptide antibody
with digoxigenin (DIG-11-UTP, Boehringer MannheimWwas purified on a nickel-NTA column, to which the
Indianapolis, IN). The 1.5-kb Pstl fragment from raMytll-His fusion protein was preabsorbed, and the anti-
Mytl cDNA was cloned into the pGEM-3Z vectorbody was subsequently eluted w# M MgCl, (Gu et al.,
(Promega, Madison, WI). The resulting plasmid (pR:994).
PST) was linearized with Xbal and transcribed with SP6  For immunoblot analysis, proteins were resolved on
RNA polymerase to give a 1.5-kb riboprobe. The 0.7-kh 4-20% SDS-polyacrylamide gel electrophoresis (PAGE)
BamHI fragment from rat Myt1ll cDNA was cloned intogel and electrophoretically transferred to a nitrocellulose
PGEM-3Z. This plasmid (pR-BAM) was linearized withmembrane, which was blocked by pretreating for 1 hr at
Smal and transcribed with SP6 RNA polymerase to giverdom temperature in 5% nonfat dry milk in phosphate-
700-base riboprobe. A PLP riboprobe was used aspaffered saline (PBS) containing 0.1% Tween 20 (TPBS).
positive control. PLP cDNA (from pLH 116) was linear-primary antibody to Myt1¢Myt1-His, from amino acids
ized with EcoRI and transcribed with SP6 polymerase 11727 of the Myt1 protein, described in Armstrong et
give a 980-base riboprobe. Hybridization and detectie)) 1995) was used at a 1:1,000 dilution, and antiserum to
isrfgtlﬁC;V:;‘E(B‘g’gﬁ;’ivne;era&g%fr?r']g?mt)o the manufacturengyi1| was used at 1:750 dilution, each in TPBS with
o : : . 0.5% nonfat dry milk. Antibodies were incubated with the
Rat cy_clophllln (Milner and_Sutcliff, 1983) and embranes for 1 hr. After washing with TPBS, antigen—
hur_nanB-actln (Cleveland et al., 1980) probes were USES tibody complexes were visualized with horseradish
as internal standards. . . : : .
peroxidase-conjugated donkey anti-rabbit secondary anti-
body (diluted 1:4,000 in TPBS) and enhanced chemilumi-
In Situ Hybridization nescence detection reagents (ECL kit; Amersham, Arling-
Postnatal day 3 rats were perfused with 4% parafden Heights, IL), following the manufacturer’s instruc-
maldehyde, and frozen sections of spinal cord wet®ns.
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GGTGTTCTCAGACACCAAGAGCAGGTACTGATGAAATACCTCACTTCAGGGTGAATCAGGACTCTGAAGGTGGGCTGCTCATAGAAGCCAAGAGAGGAAAGAAGGCATCTGAGAGTCTGC
TGACTTCCCAACTTTCTGGGATCAGCTGACTTTAAATGGTTGAGGTAGAGTTTTACCATATTTTTGAAGCAATCTATGTTGAGCCCTCACTGATTTCCTTCTTGGGACTARAGGGAATGC
ATGGTCCATGGAATAAAGCAAGTTTGTGTTCCATGTAGARAAAAATCTATGACTTACCTGCCTCTTGGGATATTATATCGTAGGGCTAGCTCCTACTGTTGCTAAGAACACTGATTCATG
AGTTCTACAGGATGAGCATGTAGTAAGATCTGTTACTATGTTTAGAAGTTTTAAATTCGTGTTCTGTCAAAATATAAGTGATT TTCAATTATAAAATGACTTTTCATTTGATT TTTTTCT
TTACGTTCCACTGTATAAAATGCAGATCTATCTGCTTTGAGAAAATARATGATGGATGGAATAGGAATAAGAACTGAAARATATCAAAGTAATCTAGCTAAAATTGATTCCTTCTTGGTT
M D G I ¢ IT RTEIK Y Q S NLAIKTTIUDST FULUV

TTTGAATCCAGGCAGAAGGCTGACAGGATGGCTTACAGTTCATTTCCATATTTTCTAAGCTACAGTGCTGAGAGTGGGCAGGTGGGGATAGGTGGAGAGTTGGCTACTGTTGGGAGCAGA
F E S R Q K A DRMAY S S F P Y F L S Y S8 A E S G QV ¢ I GG EL ATV G 8 R

GACCTGGAAACATTCCCCCATGCTCTCTTCAAGGCCCCGTTGTTTCTTGTTTTATGCAGéAAAAAGCCTéATCAAGCCCCATTTTTACTCCAACCCCACAAGCAGCCCT%CTGGCTTTC&
D L ETPF PHAULVF KA PLVPFLYV L CRIKIZEKUPIEHEOQAPTFILULGQUPHI KUG QZPTFWIUL S8

AAGAGCAGCTACAGTAGCTACCAGGGGATCATTGCAACTTCCCTCCTAAATCTGGGCCAAATTGCTGAAGAGGCCCTTGTGAAGGAGGATTCCGTCTCAGTAGCTAAGTTGAGCCCCACT
K § 8 Y s 8 ¥ Q ¢ I I A T S$ L L NL G QI A EEA ALV KEUD S YV 8 YV A X L S P T

GTTGTTCATéAGCTTCAGGATGAGGCTGCAATGGGGGTCAACAGTGACGAGGGTGAAAAGGACCTCTTTATACAGCCAGAAGATGTGGAéGAGGTCATTéAAGTCACAAGTGAACGTTCC
vV v H 0 L Q DEAAMUGVYVNSDETGEI KUDULU FTIOQU®PEDJYVEZEVIEU VTS ETR S

CAGGAGCCATGCCGCCAGTCTCTGAAGGATATGGTTAGTGAAGAGTCAAGTAAGCAGARAGGAGTCCTAGGTCATCGAGGAGGAGGGAGAGGAGGAGGAAGAAGATGAAGAAGAAGAGGAT
Q E P CR Q S L K DMV S EZE S S K QU K GGV L GH EEEGEEEEE DEEE E D

GAGGAGGAGéAGGAGGAGGGAGAGGAAGGAGAAGAAGAAGAGGAGGAGGAGGAGGAAGAAGAGGAGGAGGAAGATGAAGAGGAAGAGGAGGAGGAGGAGGAAGCAGCTCCAAATGTTATC
E E E E E E G E E G E E E E E E E E E E E E E E D E E E E E E E E E A A PNV I

TTTGGGGAAGACACCTCCCATACCTCTGTCCAGAAGGCGTCTCCTGAGTTCCGAGGCCCAGAGCTATCTAGTCCTAAACCTGAGTACTCAGTCATCGTGGAGGT TCGCTCTGATGATGAC
F G E DTS H T S V Q X A S P EVF R GPEUL S S P KPE Y S VIV EVER S DDOD

AAGGATGAGéATTCACGCTéCCAGAAGTCAGCAGTCACAéATGAATCAGAAATGTATGAéATGATGACCCGTGGGAATTTAGGCCTTCTéGAACAGGCCATTGCCCTGAAGGCTGAGCA@
K D ED SR S Q K S A VTDESEMNMTYDMMTRGNIULGTLIULEI QA ATIA ATLIZ KA ATEQ

GTGCGAGCGETCTGTGAGTCTGECTGTCCACCTGC TGAGCAGGECCATCTGGECCCAGGAGAGCCAGEGARAATGGCAAAGCCCCTGEACGTGGTGAGGAAGAGCTGCTACAGCARAGAT
vV R AV CE 8§ G C P P A EQ G HUL G P GEUPGI XM AZ K?PULDVV RI K S C Y 8 K D

CCTTCCAGGéTGGAGAAGCéTGAAATCAAéTGTCCGGCAéCTGGCTGTGATGGCACTGGCCATGTTACTGGATTGTACCCTCATCACCGéAGCCTGTCTéGCTGTCCCCACAAGGATAGA
P S R V E K R E IS AN A I I T A IR I I > R

ATCCCTCCAéAGATCTTGGéCATGCATGAAAATGTACTGAAGTGCCCTACTCCTGGCTGCACGGGCCAAGGCCATGTGAACAGCTACCGCAATACTCACAGAAGTTTATCTGGATGTCCC
I P P E I L A M HE N V L - T S N SN AN - S0 SN D - - "I - - -

ATTGCTGCTéCTGAAAAAT%AGCCAAATCTCATGAGAAGCAGCAATTGCAGACAGGAGA&CCTCCCAAAAATAACTCCAATTCAGATCGGATCCTCAGGCCCATGTGTTTTGTGAAGCAG
A A E KL A K S HEIKOQQOQLQTGDUP P KN NSNS DI RTIULUZBRUPMTCTFYVKQ

CTTGAGGTTéCACCTTATGGGAGCTACAGACCCAATGTGGCTCCCGCCACGCCCAGGGCCAACTTGGCCAAGGAGCTGGAGAAGTTCTCCAAAGTCACCTTTGACTACGCXAGTTTTGAT
L EV P P Y G S Y RPNV A P ATUPIRANILW A AZIKETLEIZI KV F S K VTV FDY A|S F D

GCTCAGGTTfTTGGCAAACéTATGCTTGCéCCAAAGATTéAGACCAGCGAAACCTCACCéAAAGCCTTCCAATGCTTCGATTACTCTCATGATGCTGAGéCTGCACACA&GGCTGCCACA
A Q V* ¢ K RML APIKTIA QT SUETS P KXKAUPF Q CVF DY S HDAZEA AA AU HMMDANR AT

GCCATCCTGAACCTCTCCACTCGATGTTGGGAGATGCCAGAGAACCTCAGCACAAAGCCACAGGACCTCCCCAGCAAGGCTGTGGACATTGAGGTAGATGAGAATGGAACTCTGGACTTG
A I L N L 8 T RCWEMMZPENULSTI KU?PQDULU?P S XAV D IEVDENGTTULTUDL

AGCATGCATAAACATCGCAAGCGGGAAAACACTTTCCCCAGCAGTAGCAGCTGCAGTAGéAGCCCTGGTéTCAAGTCTéCTGGTGTCTCTCAGCGTCAGAGCAGTACCAGTGCCCCCAGC
S M H K HR KRENTVF P S 8 §S S C S8 8 8 P GV K S P GV S QR Q S S T S A P S

AGCTCTATGACCTCACCCCAGTCCAGCCAGGCCTCTCGCCAGGATGAGTGGGACCGTCCTC TAGACTACACCAAACCTAGTCGGCTTCGAGAGGAAGAGCCTGAGGAGTCAGAGCCAGCA
S 8Ss M T s P Q 8§ S Q A S R QD EWUDRUPIULUDTYT EKU®PSURULUZRETETEU?PTETESTEUPA

GCACACTCTfTTGCTTCTTéTGAAGCAGA%GATCAGGAGéTGTCAGAAGAGAACTTTGAéGAGCGGAAGTATCCAGGGGAAGTCACCCTAACCAACTTTAAGCTGAAGT&TCTTTCCAA@
A H S8 F A 8§ S E A DD GQE V § EENVFEERIKY|P G E V TL TNV F KL K F L S K

GACATAAAGAAGGAGCTTC*CACCTGTCCCACCCCCGGCTGTGACGGCAGTGGCCATATCACCGGGAACTATGCCTCCéATCGCAGCCTCTCTGGTTGCCCTCTTGCTGACAAGAGCCTC
D I K K E L L BN -2 - I I S S I D S V- S S - - M-I - D K S L

AGAAACCTCATGGCTGCCCACTCTGCTGACCTCAAGTGCCCCACACCTGéCTGTGATGGéTCTGGCCACATAACAGGGAACTATGCTTCACACCGGAGTTTGTCAGGCTGCCCACGTGCé
R N L M A A H S 2 D L ESERASENEE I T N0 - A - - - - -

AAGAAGAGTGGACTCAGGGTGGCGCCTACCAAGGATGACAAGGAGGACCCCGAGTTGATGAAGTGCCCAGTTCCAGGCTGTGTGGGGCTCGGCCACATCAGCGGCAAATATGCCTCTCAC
K K 8 6 L RV A P T X D D K E D P EULMZPBUNYSERMAETS AT TSN

AGGAGTGCTTCTGGCTGCCCACTEGCTGCTCAGAGGCAGAAAGAGGGAGCTCTCAATGGTTCATCTTTCTCATGGAAGTCGCTGAAGAATCAGEGCCCTACTTGCCCCACCCCAGRTTGE
NI IEANY » R R 0 K E G A L N G 8§ S F s W X s L K N & ¢ P EHCEEEEEEE

GACGGCTCTéGCCATGCCAACGGCAGTTTCCTCACCCACCGAAGTTTGTCTGGCTGTCCCAGAGCAACCTTTGCTGGAAAGAAAGGAAAACTCTCAGGGGATGAGATTCTCAGCCCAAAG
RN D R R AR IR AW T F A 6 K K 6 K L 8 6 D E I L S8 P K

TTCAAGACAAGTGATGTGCéGGAGAATGATGAGGAGATCAAGCAGCTAAATCAGGAGATACGAGACTTAAATGAGTCCAATTCCGGAATéGAGGCTGCCATGGTGCAGCTGCAGTCTCAé
F X T s D V. L ENDEUZERTIZ KU GQULWNAGQETIUZRUDTILNESNSGMUEA AA AMMT YV QL Q 8 Q

ATCTCGTCCATGGAGAGGAACCTGAAGAACATCGAGGAGGAGAACAAGCTCATTGAGGAGCAGAATGAGGCCCTGTTTCTGGAATTGTCCGGGCTTAGCCAAGCCCTCATCCAAAGTCTT
I S S M ERNTILXNTIETEENI KT LTIETEUGQNTEWA AWAULT FTULEILSGUL S QATLTIGQS L

GCCAATATT&GCCTTCCACACATGGAACCAATATGTGAA&AGAATTTCGACGCCTATGTGAACACCCTCACTGACATGTACTCCAATCAéGACTGCTACéAGAATCCGGAGAACAAAGGC
A NI R L P HM E P I CE Q NV F DAYV NTULTDMTY S NQDU CYQQNUPENIZK G

CTTCTGGAAACGATCAAGCAAGCTGTGAGGGGCATTCAGGTCTAGGCTGCACTGCACACAGGAGTCTGCTCTGCTCCTCACAGCAAGGACCCTGACTTCTAGCTACTTCTAATTGGAAGC
L L ET I X Q A V R

CTGGGTGCAGCCTTGTGCAGCTTACCCAAAGGGGAGCCTGGGAATCAGTGTCTCCTATGATGTCCTCATTAGGCCCAGGCATGAAGACCTCTCTGTGTGAGTGCCTGGGGACACTGAAGT
ATTGCAAAGTGACTTATTTTTGTTTTTGTTCTTTGTTTTTTGTTTTTTTTAARAGAAGTCTGAAGAGCAGCTCAAAGTCTCCGGTGGAAGCTCATGGACAAGGTTCTCACTCAGGGAAGT
TTTGGAGTTTGCAGCCACAGTATTCCATTGTTTGTCAAGGTTGGGAGGGCAGCCATGGCCCTGCTGGGTGTTAGTCTCAGCAGGAGGGCATGCCTAGGTTTCTGACTATGCTCACTGAAG
CCCACATGACAAGTATGTTTTGTGTTTTCAATTTATTCAACTTTGTGTTAAAGGTGCACAATACTCTGCTTCAGAGGTGAATC TAGGAACAGGCTTCCCAGATGGCAGTCTACACAGTTG
ATGAGCATCATAGAAAGTCAGCTGGAGGTTTTTTTTTGTTTTCAGTTGGAGGCCCTGAAAAATCGGCCACTTACTTGGGCAGCAGATGCCTCTAAGCTGTGCAGATCTGCTTTCTCCTGG
CTCCAGTTTTTAACCCCTGGCTTGGGCTCTAAGTCCAAGACCACTGGGCCAAACCTCTGGTTTCCGTACCTCCATCCAGGTGCTGGACCCATCATTGTATCTTTTCCTGCATAGGTTTGC
TCCTTGTATCCAAGGTGACTGCAGTGGGGCAGGAGACCAGTGGTAAATTGTTACAGGGAGACCACCAAGATTTCACTTCTTTATAGGTTC ATTTAAGATGTGAAAAGGATAAATTTTAAT
TTAATGTGTTAAAAACACAATGTTCTTACTGTGTAAATAGAGTCCAAGTCAATTGTGACTGCAATTCCAAATTAGT ATTTAAAAGTAGAGAAATTGCACTTCCTGGAAGACACTGAAAGT
AGTTAGTTTATTCTGTAAATTATTTAATTTTGTCATAAGTATTTATATTCTTACCCTCTTATGTTAATGTTTGCTATTTATTATTTTTATTTATTTAT T TTATACTATATCAACTAGATG
ACACACTAGGGCACCATAAGAGTTAAATAAGTTAAATTGAAACAAAAAC ATTTATTTGACTATAAGATAGGCCACAAAGAATCTTGATATAACTTCTAGTTATAATTTTGATGCAACCCGA
GTTATTTTTTATATATTTTGTT ALTTATTCTTTTAATAATGGAATTTTTTAAAAAAGTATTTTGTAACTGAAGAATTTTGATAATTTGGGTT TTTCTCCCCATTGGTCCACCAGAGAGAA
AGGTGTTTGGTTTTCTTTTTCCCTTTGGGTTCCTTTTGTCAGGCCAATAACAGCARATGGAATTCTGT ATTTATTATTATTTAAGTGTAGTGCAGATGTCTGTGCTCTGGTGTTTCTTGT
GTTGCATTTGTGGAGGTTCTCATGGATGATTCATGTTGCTGTGAGGGAGTGCTGGCCATGGTCAGTTCTGGGCAATGCAC TCGCTGGCCAAGCTGCCCAGGATCTTGATACCCCAATACT
GTGACCCTCCTTCCTCAGGAAACACGTTGGACTCACAGTACCTCGTGGTGTGTTAAGCCGAATTCC

Fig. 1. Sequence of the mouskyt1cDNA. Amino acids are shown in boldface, with each zinc
finger domain highlighted by a black background. The acidic domain near the amino terminus is
underlined. The 12 AUUUA elements in thethtranslated region are underlined. The region of
the protein used to generate thlyt1-His antibody is boxed.
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Culturing of Primary Embryonic Neurons To test the specificity of the antibody, slides were

Embryonic neurons were isolated from E16 rdf€ated with a Mytll antibody that had been preincubated
(Sprague-Dawley, Taconic Farms, MD) forebrains. Timedr 16 hr with a 50-fold excess by weight of antigen, the
pregnant mothers were sacrificed by cervical dislocatioigcombinant His-tagged Mytll protein described above.
embryos along with the uteric wall were collected on iceT,he antibody incubations were carried out as detailed
and heads were collected into isotonic ice-cold D1 célPOVve:

dissection medium (Agoston et al., 1991). Parietal cortex, _ S€Ven-micron-thick sections OJ paraffin-embedded
striatal primordium, and the diencephalon were dissectg(lﬂs tissue fixed by perfusion with 4 A’ paraformaldehyde
ere obtained from Novagen (Madison, WI). Immuno-

from coronal slices and transferred into fresh ice-cold DA’

medium. The collected brain regions were washed on @ining W_ith theaMytl-His polyglonal rabbit ant_ibody
with 15 ml prewarmed and equilibrated Hanks’ balanc :50 dilution) or theaMyt1l rabbit polyclonal antibody

salt solution, and cells were dissociated using the pap :(?r(i)biltljuitrlwogr)n\:vsatl?oaerfe(;rglqe((iSgg)o ?i?fufstgfurgﬁg}?:;
cell dissociation system according to the manufacture § 9 ' )

instructions (Worthington). Cells were plated into paky- each embryonic (E) day between days E1l and E18 as

lysine—precoated 8-well chamber slides at a density \HFH postnatal (P) days 2 and 15 were examined for

L . mmunoreactivity withaMyt1-His, while sections from
25,000 cells per well and maintained at 37°C in 1O%2COI . . )
The plating medium was MEM (GIBCO BRL) contain-days E15, E17, E18, and P15 were examined for immuno

ing N3 nutrient mixture (Agoston et al., 1991), 2 m eactivity with aMytll antibody. Developing neurons

. I . o ere identified by immunofluorescence with TuJ1 mouse
glutamine, antibiotic-antimycotic mixture (GIBCO BRL)’monocIonaI antit))/ody (1:400 dilution; BABCO: Berkley,

10% heat-inactivated bovine serum, and 10 pg/ml platelg;,_\) whi - iy ;
. i i ch recognizes neuron-specific clasgltlbulin
ﬂlenvis grov;tzhhfacftorl (PDGE’ Pe%r_otech, Rc;]cky Hd'”that is expressed in neurons coincident with terminal
J). After 812 hr of plating, the medium was change @itosis and accumulates with further differentiation (Lee

maintaining medium: minimum essential medium (MEM t al., 1990: Menezes and Luskin, 1994). In double-label

containing N3 nutrient mixture, 2 mM glutamine, antibi; ., - inofluorescence experiments witMyt1l antibody

otic-antimycotic mixture, 1% heat-inactivated fetal calf,q Tu31. cell nuclei were stained for 30 min with DAPI
serum, 10 pg/ml PDGF, and 0.3 mg/ml bovine serugjjyted to 0.01 mg/ml in PBS.

albumin (BSA; Sigma, St. Louis, MO). Half of the Immunoreactivity of cultured cells or tissue sec-
medium was changed at 3 days in vitro (DIV). After Jins was detected using a Zeiss Photoscope Il either
days of culture, the medium was changed to a maintaigth a 6.3x, 25x, or 63X objective. Images obtained
ing medium in which PDGF was replaced by 5 UMyith the 25< objective were photographed with 400ASA
cytosine arabinoside to eliminate dividing cells. Hal\pmax or Ektachrome film and then digitized and
medium changes were performed twice a week. imported into Abobe Photoshop. Images obtained with
the 63X objective were acquired and restored using the
_ CELLscan image analysis system (Scanalytics Inc.; Bil-
Immunocytochemistry lerica, MA) with exhaustive photon reassignment.
Neuronal cultures at 20 DIV were fixed with 4%
paraformaldehyde for 20 min at room temperature, washed
three times with PBS, then permeabilized with 0_5(§enbar)k and Mouse Genome Database
Triton X-100 in PBS containing 10% calf serum, 10% ccession Numbers
sheep serum, and 0.1% sodium azide. Slides were incu- The Genbank accession number for the mouse
bated with anti-MAP-2 monoclonal antibody (Sigma) at Mytl cDNA is AF004294, and for the mouse Mytll
1:250 dilution and anti-Myt1l affinity-purified polyclonal CDNA is AF004295. The mouse genome database acces-
antibody at a 1:700 dilution overnight at 4°C, the§ion numberis MGD-JNUM-41157.
washed three times with PBS. The secondary antibodies,
a Cy3-conjugated anti-rabbit Fab and a fluorescein isothio-
cyanate (FITC)-conjugated anti-mouse 1gG (Jackson IRESULTS
munoresearch, West Grove, PA), were diluted 1:100 af¢quence Analysis
incubated for 1 hr at room temperature. The slides were A partial cDNA clone encoding humadYT1was
washed three times with PBS before incubation witbriginally isolated by its ability to bind to the human PLP
DAPI (4,6-diamido-2-phenylindole; Sigma) at a concerpromoter (Kim and Hudson, 1992). Here we report the
tration of 0.01 mg/mlin PBS. Slides were washed in PBfll-length clone of the mouse counterpavtytl (Fig. 1).
and mounted with Vectashield medium (Mector Lab§he putative open reading frame is 3,231 nucleotides
Burlingame, CA). (1,077 amino acids with a predicted molecular weight of
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118 kDa) preceded by 530 nucleotides 6btranslated hybrid cell line to display the human MYT1 band in
region. The protein contains six zinc finger domaingddition to the rodent fragments (the mouse 5.5-kb band)
organized in clusters of two and four zinc fingersyas the one containing human chromosome 20 (top
separated by 289 amino acids. The amino acid sequenpagel, Fig. 4). The blot containing the panel of human/
of the fingers are highly conserved. These features aoglent hybrid cell lines was stripped and subsequently
extremely similar to the humawYT1clone, to which the hybridized with the MYT1L probe, which distinguishes
mouse nucleotide sequence shares 89% identity. Tihetween the mouse (2.2-kb), hamster (26-kb), and human
amino-terminal part of the protein is highly acidic(22-kb) MYT1L genomic BamHI fragments. The hybrid
containing 46 consecutive residues of glutamic arwkll line which yielded a human 22-kb band in addition to
aspartic acids. There is a relatively larger®ncoding the mouse 2.2-kb band was the one containing human
region and within this region there are 12 copies of thehromosome 2 (bottom panel, Fig. 4).
sequence ATTTA. These sequences have been associated
with RNA instability and are speculated to mediat .
selective RNA degradation (Decker and Parker, 1994). Egﬁfggigie;:glrl_n:\lggurse of Mytl and Mytll

Over 3,400 different messenger RNAs that are ) . .
expressed in the brain have been identified through 1he expression of Mytl mRNA during rat brain
expressed sequence tags (EST) (Adams et al., 19 velopment from embryonic day 11 (E11) to postnatal

including an EST-identified clone (EST05024) of 76/2Y 15 (P15) was analyzed on Northern blots (Fig. 5).
amino acids that has over 70% amino acid identity with"®€ MRNA was first detectable at E13 and reached the

the four-finger domain of the humavYT1. Using the highest level at E15-E17. Subsequently, the level of
original EST05024 clone as a probe, we isolated MYtl MRNA decreased (Fig. 5) and was maintained at
full-length mouse cDNA and named it Myt1-likegtil). Very low levels in the adult (Kim and Hudson, 1992).

A-rat version of Myt1l has also recently been cloned and A distinct temporal pattern of gene expression was
named NZF-1 (Jiang et al., 1996). Analysis of the mougPServed for the other closely related member of the
Myt1l nucleotide sequence shows that it contains an opffrHC Zinc finger family, Myt1l. Amajor transcript of 7.5
reading frame that could encode 1,182 amino acids witig Was detected at E15, reached a maximum at the day of

predicted molecular weight of 130 kDa and a predicted Bith. and subsequently decreased (Fig. 5). Mytll mes-
of 4.6 (Fig. 2). The protein is organized in clusters of tw§29€ continued to be expressed at detectable levels in the

and three zinc fingers, as well as a single zinc finger nédult brain. A second Mytll transcript of 2.0 kb was also
the amino terminus. As wittMytl, Mytll contains a gwdent as ear!y as Ell', with maximal expression at E15
highly acidic region near the amino terminus. As seen |R "at brain. This transcript may represent an alternatively
Figure 3, these two proteins have a similar organizatigR!iced variant of Mytll. Mytll transcripts of different
and share extensive amino acid homologies throughdif€ (5 kb) were also present in the testis, the only tissue
the protein, especially in the zinc finger domains. THether than_ braln_to display detectable Myt1 transcripts in
Xenopus Mytfingers (Bellefroid et al., 1996) differ from & Screen including heart, spleen, lung, skeletal muscle,
the respective human gene at only three amino a@gd kidney tissue (data not shown). The tissue-specific
positions, and each of these amino acids inXeeopus €XPression of Mytll is therefore similar to tha_t preylously
Myt1is identical with theMlyt1l sequence. Moreover, thePPserved for Mytl (Kim and Hudson, 1992), in which the
variation between species is minimal, withyt1l from brain was the only tissue with detectable Myt1 transcripts
mouse (Fig. 2) and rat (Jiang et al., 1996) displaying 928¥ Northern analysis.
amino acid identity and 97% nucleotide identity in the
coding region. Secondary structure analysis of bothifferential Cellular Expression of Myt1 and Myt1l
proteins predicts domains with several lomdnelices in - mRNA Transcripts
the amino-terminal region and the carboxy-terminal re- 1 getermine which cell types of the brain express
gion immediately following each zinc finger clustery; 1y or Myt1l transcripts, Northern analysis was per-
implying & possible structural role for these domains.  ¢med using cultures derived from neonatal rat brain and
] ) enriched for either astrocytes (As), oligodendrocyte pro-
Genetic Mapping ofMYT1and MYT1L genitors (Prog), or oligodendrocytes (Oligo). As previ-
The localization of thevi'YT1landMYT1Lgenes to ously reported, Mytl was most abundantly expressed in
human chromosomes was carried out using a panelaigodendrocyte progenitor cells (Fig. 6; Armstrong et al.,
monochromosomal human/rodent cell lines (Fig. 4). O995), and a faint signal was detectable in postnatal day 2
this Southern blot, the MYT1 probe distinguishes bésrain (Br) and spinal cord (Sc). Astrocytes had no
tween the mouse (5.5-kb), hamster (4.5-kb), and humdatectable Mytl mRNA, nor did postnatal day 2 rat
(3.8-kb) MYT1 genomic BamHI fragments. The onlysciatic nerve (Sn). Mytll transcripts were detected in
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GGGTTTTTTGCTCATTGTTGGTGGGTGTATTTCAATTTTTTGATTCCCTGGACTGTGGGTTATGAAATCAATGCTGCTGAAGACAAAAGCAACCTTCCCTGCCTCTCGGTGCTATGCGTG
GTCCTCCTCGGCCTCCCACTTGTGGGGGAAAGGGTTTTCTCTTTCTTTCTGTGTGTTTTGAGCCAGCACAGTTACCAAAATTGAACTTGCCGTCACTTGTGAGCGGTGTGGTCATGGTGT
GAGGGGTCCCACAGAGGCTGCAGCTGAGGTCTGGGTGTGTGCAATTCTCAGCTGGGCTTTGCCTACCCAGGTTGACGACTGAAGAATCACAGAGTGTGGAAAAGARCACAAGGAGARATT
GGTGAGAACATCTGCCTAGCATCTCCAAGTCCTGTGGAGGGAGCCAGCAGTGCTGGTCCAAAGAGGACCCAGAGAGTGAACTCAGAGTGACCACATCTGATAGAAGAGGGGAAGATGTAG
TTTCTGAGTCCAGTCCAGTGTTTGTGTCTCTCACATTGTCAACAAAAGACAGGCTCCAGCTGGCCCCCACAGACATATGGATAT tCCAGGAGCCACGTAAAGATGGAGAAATGGAGGCAC
AGAGAAATTAAGTGACTTGGCCACAGTCACAAGCTGGGGAGGACCAGGAAAGCCTAGAGAGAGCTGGCTCTGGGCCTGCATCCTGCCACGGAGTACCCTGCCTCGTCCTAGGAGAGAAGS
CTTCCTACAAGATGGACGTGGACTCTGAGGAGAAGCGCCATCGCACACGGTCCAAAGGGGTTCGAGTTCCTGTGGAGCCATTACAAGAGCTGT TCAGCTGTCCCACTCCAGGCTGCGACG

M D V D S E E KR HRT TR S K G V RV P V E P L Q E L F RS- S-EEE I

GCAGTGGTCACGTCAGTGGCAAATATGCACGACACAGAAGTGTATATGGTTGTCCCTTCGGCTAAAAAAAGAAAAACGCAAGATAAACAGCCCCAAGAACCTGCTCCCAAGCGAAAACCAT
R A IR SR AR YR IR IR - AR - AN AR'EeY K K R K T 0 D K Q P 9 E P A P K R K P F

TTGCAGTAAAAGCAGATAGTTCCTCAGTAGACGAATGTTATGAGAGTGATGGTACTGAAGACGTGGATGATAAGGAGGAAGATGATGATGAGGAGTTCTCTGAAGACAATGATGAGCAAG
A V KA DS 8 8 VD EOCYZESDGGT E D V D DEXKEE DD DEEF S E DNUDE O G

GGGATGATGACGACGAAGATGAGGTGGATCGGGAAGACGAGGAGGAGATCGAGGAGGAAGATGATGAAGATGATGATGATGATGAAGATGGTGACGATGTAGAAGAGGARAGARAGAGGATG
D D D E E E E E D D D D D E D E E E D

ATGATGAAGAGGAGGAAGAAGAGGAAGAGGAAGAAGAARAATGACCATCAAATGAGTTGTACTCGAATAATGCAGGACACAGACAAGGATGATAACAACAATGATGAGTATGATAACTATG
D E E E E E E E E E E E N D HQ M S ¢ T R I MOQDTD XK DDNNDNDEYDNTYD

ATGAACTGGTAGCTAAGTCGCTATTAAATICTTGGCAARATTGCTGAGGATGCAGCATACCGGGCCAGGACTGAATCAGAGATGAACAGCAATACCTCCAATAGTC TGGAGGACGATAGTG
E L V A K S L L NL G K I A E D AAYURA ARTE S8 EMNSNT S N S L E DD 8 D

ACAAAAACGAAAACCTCGGTCGGAAAAGTGAACTGAGTCTAGACTTAGACAGTGATGTTGTTAGAGAAACAGTGGACTCCCTTAAGCTGTCAGCACAAGGACATGGTGTTGTGCTATCAG
K N ENL GRX X S EL $ L D LD S DV VRET VD SLI KTILSAUGQGEHTGV V L 8 E

AGAATATCAGTGACAGAAGTTATGCTGAGGGGATGTCACAGCAGGACAGTAGAAATATGAACTATGTCATGCTAGGGAGGCCCATGAACAATGGACTCATGGAGAAGATGGTGGAGGAGA
N I s DR 8 Y AR EGM S Q ¢Q DS RN¥NTY YV ML GRUPMNUNGILMEITZ KM MTYVEE S

GTGATGAGGAAGCGTGTCTAAGTAGTCTAGAGTGCCTGAGGARCCAGTGCTTTGACCTGGCCAGGARACTCAGCGAGACCAACCCACAGGACAGGAGTCAGCCACCCAACATGAGTGTGC
D E EACUL S S L ECULURNJOGQTCV F DL ARIEKILSETNUZPQDT RS QP P NMS V R

GCCAACATGTCCGGCAAGAGGACGACTTCCCTGGGAGGACGCCAGACAGGAGCTACTCGGATATGATGAACCTTATGCGGC TGGAGGAGCAGCTCAGTCCCAGGTCTAGAACGTTCTCCA
Q H V R Q E D DF P GRT P DR S Y 8 DM MNILMZBRILEEZ QLSUPURSRTTF S S

GCTGTGCCAAGGAGGATGGETGTCATGAGAGGGATGATGACACCACCTCAGTGAACTCAGACAGGTCTGAGGAAGTGTTTGACATGACCAAGGGCAACCTGACTCTGCTAGAGAAAGCCA
C A K E D G CHERDDDTT S V NS DRSS EEVYV F DMTIEKUGNTLTTULTULEI KA ZATI

TTGCCTTGGAGACAGAGAGAGCCAAGGCCATGCGGGAGAAGATGGCCATGGATGCTGGGAGAAGGGATAACCTGAGATCCTATGAGGACCAGTCTCCAAGACAGCTGGCTGGGGAAGACA
A L ETUEZRA AIKA AMTPEREIEKMABAMD DA AU G RRDNTILU®RGSYEUDQS PR QL A G E DR

GAAAATCCAAATCCAGTGACAGCCATGTCAAAAAGCCATACTATGATCCCTCAAGAACAGAAAAGAGAGAGAGCAAGTGTCCAACCCCCGGGTGTGATGGAACCGGCCACGTAACTGGGT
K $ K 8 8 D 8 H V KK P Y Y D P 8 R T E KU RE S BN

TTTACCCGCATCACCGCAGTCTGTCTGGATGCCCGCACAAAGATAGGGTCCCTCCAGARATTCTTGCCATGCATGAAAATGTTCTCAAGTGTCCCACTCCAGGCTGCACAGGGCGAGGGC

YRR IR T - ENEEAR: Y P R V P P E I L A M HE E N V L Q- s - - |

ATGTGAATAGCAACAGGAACTCGCACAGAAGCCTCTCTGGATGCCCCATTGCTGCTGCAGAAAAACTGGCAAAGGCCCAAGAGAAACACCAGAGCTGTGATGTGTCCAAATCCAACCAGG
VAR - IR AR AR AT R EyY ~2 2 E K L A K A Q E K H Q 8 €C DV 8 K 8 N Q A

CCTCAGACCGAGTCCTCAGGCCAATGTGCTTTGTCAAACAGCTTGAGATTCCTCAGTATGGCTACAGAAACAATGTTCCCACAACCACACCACGTCCAACCTGGCCAAGGAGCTTGAGAA
S DRV L RPMOCVFV K QLETIUZ®POQYSGYRNUNU YV®PTOTTTTU®PRZPTWUPI RS LR S

GTACTCCAAGATTGTTTGAGTACAACAGTTACGACAACCATACTTATGGCAAARAGAGCCATAGCTCCCARGGTGCAAACCAGGGACATATCCCCCAAAGGATATGACGATGCCAAGCGGT
T P R L F E Y N 8 Y DNUHTUT Y G K RATI AP KUV QTHZRDTIS P KGY DDAI KR R Y

ACTGCAAGAATGCCAGCCCCAGCAGCAGCACCACCAGCAGCTATGCACCTAGCAGCAGCAGCAACCTCAGCTGTGGTGGTGGCAGCAGCGCCAGTAGCACGTGTAGCAAGAGCAGCTTTG
¢ K N A S8 P S 8 8 T T S S Y AP S S8 8§ S NL &8 C G G GG S 8 A 8 8 T C S K S8 s F D

ACTACACACATGACATGGAGGCCGCACACATGGCAGCCACAGCCATTCTCAACCTGTCCACACGTTGTCGTGARATGCCACAGAACCTGTCCACCAAGCCACAGGACCTGTGTACTGCCC
Y T E DM E A A HMAATATITULWNILSTRU CREMMTZPQNTLSTI KUPQDILTGCT AR

GGAACCCAGACATGGAGGTGGATGAGAATGGCACCCTGGACCTGAGCATGAACAAGCAGAGGCCTCCGAGACAGCTGCTGCCCAGTCCTGACACCCCTGGAACCCATGTCTCCGCAGCAGT
N P DM E V DENUG T L DL S MNIZ KO QRUPRDSTCCP YV LTUPILEZPMMSESPQ Q Q

AGGCCGTGATGAACAGCCGATGCTTCCAGCTGAGCGAGGGGGATTGC TGGGACTTGCCTGTAGACTACACCAAAATGAAGCCTCGGAGGGTAGATGAGGATGAGCCCARRGAGATTACCC
A VvV M N 8 R C PF QL 8 EGDCWDULUPVYV D Y T XK MEK?PRU®RVYVDETDTEUZ®PI KT ETIT P

CAGAAGACTTGGACCCATTCCAGGAGGCTCTGGAAGAAAGACGGTATCCAGGGGAGEGTGACCATCCCAAGCCCCARACCCAAGTACCCTCAGTGCAAGGAAAGCARAAAGGACTTAATAA
E DL DPVF Q E A LEEU RIRYPGEVTTIUPS P KUP KYP Q CXKXKE S8 KIKDTILTIT

CTCTGTCTGGCTGCCCCCTGGCGGACAAAAGCATTCGAAGTATGCTGGCCACCAGTTCCCAAGAGCTCAAGTGCCCCACCCCTGGCTGTGACGGTTCTGGACACATCACTGGCAATTACG
L 8 6 ¢ P L A DK S8 I R S MULA AT S s ¢ E LEBIEEEEEIEENEIEEENREEIEENRIERIBRBS:

CTTCTCATCGAAGCCTTTCTGGGTGCCCAAGAGCAAAGAAGAGTGGCATCCGGATAGCACAGAGCARAGAGGACAAGGARGACCAGGAGCCAATCAGGTGTCCGGTACCTGGCTGTGACG

FEEIEYNE Y K K s 6 I R I A Q 8 K E D K E D Q E P I BN NN NN

GTCAGGGACACATCACTGGGAAGTATGCATCCCACCGCAGCGCCTCCGGGTGTCCCTTGGCAGCCAAGAGGCAGAAAGATGGGTACCTTAATGGCTCCCAGTTCTCCTGGAAGTCGGTCA
BRI IR Y- A Y-S A X R 0 K D G Y L NG S Q F 8 W K 8 V K

AGACGGAGGGCATGTCCTGCCCTACCCCTGGGTGTGATGGGTCAGGACACGTCAGTGGCAGCTTCCTCACACACCGCAGCTTGTCAGGATGTCCAAGAGCCACATCAGCAATGAAGARAG
T E G MENCREIE S-S NI AR T R NN - AR AR AE T S A M K K A

CAAAGCTGTCTGGAGAACAGATGTTGACTATCAAGCAGCGAGCCAGCAACGGTATAGAAAATGATGAAGAAATCAAGCAGTTAGATGAAGGGATCAAGGAGC TTAATGAGTCCAATTCCC
K L 8 G E Q M L T I K Q R A S NG I ENDTETETIZ K GQULUDESGTIZ KTE ETLWNESNSQ

AGATGGAGGCTGACATGATCAAACTCAGAACTCAGATCACCACAATGGAGAGCAACCTGAAGACCGATTGAGGAGGAGAACAAAGTCATTGAACAGCAGAATGAGTCGCTCTTGCACGAGT
M E A D M I KL R T OQTI T TMESUNULIEKTTIETZEUENIZ KT YVTIEUSGQAQNESTILTLHTETL

TGGCCAACCTGAGCCAGTCCCTGATCCACAGCCTCGCCAACATCCAGCTGCCTCACATGGAACCAATCAATGAACAAAATTTTGATGCTTACGTGACTACTTTGACGGAAATGTATACAA
A N L 8 Q S L I HS8S L A NTI QUL P HME P I NEJ QN NV FUDAYV TTILTEMTYTN

ATCAAGATCGTTATCAGAGTCCAGAAAATAAAGCCCTACTGGAAAATATAAAGCAGGCTGTGAGAGGAATTCAGGTCTGAACAGCTGCTC TAGTGGTGACTCATGCTTAAAAAGGATGCC
Q DR Y Q S P ENIEKALTULTENTIIZ KUGQH®R2Z2VU®RGTIQV

TCTTGTTTCTTGCTGCTGTAACTTACCAGAAAGTGTTATATATTTATTTCTGTCGGAACAGTGTTATGCTACAAGAGTTCATAATGGTTTTGTGTGCTCTTGAGAGAGTACCTGCAGACT
AGTTTTGGATACATTCACATTTTGTACGTTTTCATATAAGCTGACATAGTGTGATTTGCCATGTAATGTTTATAGCTGCTGCTGTCTGCACA

Fig. 2. Sequence of the mouskyt1ll cDNA. Amino acids are shown in boldface, with each zinc
finger domain highlighted by a black background. The acidic domain near the amino terminus is
underlined. The region of the protein used to generateiitgt1l antibody is boxed.
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Finger 1
MYT1 human KCPTPGCDGTGHVTGLYPHHRSLSGCPHK
Myt1mouse N 9% - 5N SR Y e
Myt1xenopus N3 AN N e T oo
MYTI1L human(ﬁngerz)...............P.........k....
Myt1/ rat (ﬁnger2) cdees st anena ceesccne ci it eenane .
Myt1l mouse(fingerz) et i esssesestsesressmnseesneee
Finger 2
MYT1 human KCPTPGCTGQGHVNSNRNTHRSLSGCPIA
Myt1mouse cecesisesesscesYeoecaneen ceas
Myt1xenopus e i e b esenbeesencsebnseesnen
MYT1L human(finger3) «sseesseeHeceiieaeSecececennn
Myt1! rat (finger 3) B R Bl RNl N >
Myt1/ mouse(fingerS) ciiovese iR esaeeBSiieccniinon
Finger 3 »
MYT1 human TCPTPGCDGSGHITGNYASHRSLSGCPLA
Myt1 mouse
Myt1 xenopus S NN NN B >
Myt1l rat (finger 1) Secervaesss s VS.K..R...VY.....
Myt1] mouse (finger 1) S.-.........VS.K..R...V¥.....
Finger 4
MYT1 human KCPTPGCDGSGHITGNYASHRSLSGCPRA
Myt1 mouse
Myt1 xenopus
MYTIL human(finger4) « e ccceeviecveeecennnsnenencnns
Myt1l rat (finger 4)
Myt1l mouse (finger4) csececcceac... ceseenn s R .
Finger 5
MYT1 human KCPVPGCVGLGHISGKYASHRSASGCPLA
Myt1 mouse 5 N NN NN
Myt1 xenopus cemesssDicii e
MYT1L human(finger 5)Re e ..« :DeQuceTereeccvacercnnn

Myt1! rat (finger 5) RicewstDiQeieTeueennnieonines
Myt1l mouse (finger5) Re.cee.DiQeeTeveeeeruecsnnnn

Finger 6
MYT1 human TCPTPGCDGSGHTIGSFLTHRSLSGCPRA
Myt1 mouse BTN NN VLN T e
Myt1 xenopus 5 N NN R
MYT1L human(finger6)S...cs..e.. VS .o

Myt1l rat (finger 6) Siveiiieie s VBt eiiieninines
Myt1] mouse (finger6) SececeseeeeeeVSiuteornonnnns

CONSENSUS: CPXPGCXGXGHXXXXXXXHRSXXGCP

Fig. 3. Comparison of the zinc finger regions Miytl and accession No. U67078), or the human MYTLL (this study), rat
Mytll. The relative positions of zinc fingers in tidytl or Mytll (Jiang et al., 1996), or mouse Mytll (Fig. 2). Shading
Mytll gene are depicted as numbered boxes. The acidic regindicates amino acids which were identical for all zinc fingers
in both genes is shown by the area filled with dots. The extentof this family. The consensus sequence identifies those amino
homology between Mytl and Mytll is shown for four regiongcids which showed no variation between species or between
encompassing the six zinc fingers of Mytl. Each of the six zirtbe two gene loci; the other amino acids are indicated by an X.
fingers present in the human amino acid sequence of MYThe bold-faced, underlined amino acids within the consensus
(Kim and Hudson, 1992) is aligned with the correspondingjte represent the cysteines and histidines comprising the zinc
sequence of either mouse Mytl (Fig. 1) ¥enopusMytl coordination domain.

(Bellefroid et al., 1996, and direct submission to Genbank:
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Fig. 4. MYT1maps to human chromosome 20 & T1Lmaps to human chromosome 2. The Southern blot of BamHI digested genomic DNA features the controls in the
first four lanes (labeled male [human], female [human], mouse, and hamster, respectively), followed by the hybrid cell lines, each of which syi@irsiman
chromosome. The sizes of the BamHI fragments are indicated on the left, and an arrow points to the human fragment on theippét.peme| depicts the Southern blot
probed with MYT1, and théower panelis the same blot hybridized with the MYT1L probe.



Myt1 Mytil

el

- N W M~ O Ty} - o 1o =B
(T FFOLDFFN-U
AT TR TR T - Y W w a a <

Cyclophilin

5.5 kb
» 7.5 kb
28S — —28S
18S - -18S

Fig. 5. Northern blot analysis of Myt1l and Myt1l mRNAs during rat brain developniemtpanel: Poly A+ RNA (1 pg/lane) from different stages of rat brain development were
used for the Northern analysis. The blot was hybridized with the riboprobes specific for the rat form of either Mytl orBditdrh panel: The same blot was stripped and

rehybridized with the cyclophilin probe to verify the presence of intact RNA in all lanes.
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Fig. 6. Northern blot analysis of Mytl and Mytll mRNAs in enriched cultures of rat glial cell tyfms panel: Total RNA (2 pg/lane) obtained from various cell types (As,
astrocytes; Prog, progenitors; Oligo, oligodendrocytes) or postnatal day 2 tissues (Br, brain; Sn, sciatic nerve; Sc, spinal cord) were Neethérnthaalysis. Positions of the 28S

and 18S rRNAs are noteBottom panel: Ethidium bromide staining of 28S and 18S ribosomal RNA is shown as a control for sample loading.
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brain and spinal cord (Fig. 6), but not in cultures enricheeMyt1-His antibody recognized a band of 165 kD (Fig.
for glial cells. The absence of Mytll expression iBA, lane 6) as seen previously (Armstrong et al., 1995),
astrocytes and oligodendrocytes suggests that Mytthile the «Mytll antibody recognized a similarly sized
mMRNA in the CNS is restricted to neurons. band (Fig. 8B, lane 6). Both Mytl and Mytll proteins
This differential expression of Mytl and Mytllmigrate much slower than expected based on their
MRNA transcripts was confirmed by in situ hybridizatiorralculated molecular weights (118 and 130 kDa, respec-
of tissue sections from postnatal day 3 cervical spindbely), suggesting the presence of post-translational
cord. Spinal cord was chosen to readily compare tmeodifications. The high molecular weight Mytl and
neuronal and glial cell distribution, as well as functionalljyt1l bands were not detectable at postnatal day 6 (Fig.
diverse neuronal populations. Hybridization with a Myt18A,B, lane 5), consistent with the Northern analysis (Fig.
specific probe demonstrated signal in small cells of tf which showed a down-regulation of both transcripts in
ventral white matter and also in motor neurons of grgyostnatal brain. Additional lower molecular weight bands
matter (Fig. 7C). In the dorsal horn, mMRNA was alswere present at both time points and therefore are not
found in the white and gray matter (Fig. 7D), with thdikely to represent degradation products of Mytl or
strongest signal being associated with small proceddytll.
bearing cells of the gray matter found in a distribution  As expected from the in situ hybridization analyses,
that did not clearly follow a given sensory neuron laminthe aMyt1l antibody immunolabeled the nuclei of large
but was consistent with a glial cell distribution andnultipolar cells, which were identified in 10 DIV cultures
morphology. as developing neurons by MAP-2 immunoreactivity (Fig.
In contrast to the strong signal in white matter tract8), but did not immunolabel cultured oligodendrocyte
observed with a PLP probe (Fig. 7A,B), hybridization ofineage cells (data not shown). TheMytll nuclear
similar tissue sections with a probe that specificaliynmunoreactivity was abolished by overnight incubation
detects Mytll mRNA transcripts demonstrated a marked the aMytll antibody with the Mytll peptide antigen
absence of signal in white matter tracts (Fig. 7E,F). But(&ig. 9). Interestingly, the nuclear pattern aMytil
strong signal for Myt1l was detected in the ventral motammunoreactivity in neurons has a non-homogeneous
neurons and in cells with the distribution and morphologgistribution (Fig. 9) that is very similar to the pattern
of sensory neurons found throughout the dorsal horn (Fighserved for Mytl immunoreactivity in oligodendrocyte
7E,F). The differential expression of Mytl versus Mytllineage cells (Armstrong et al., 1995).
in glial cells was also confirmed by in situ hybridization
of cultured oligodendrocyte lineage cells (not shownExpression of Mytl and Myt1l Protein
Consistent with the Northern analysis, cultured neonaialthe Developing CNS
rat.oligodendrocyte progenit_ors exhibited.signal for Mytl Immunolabeling of tissue sections of embryonic
which was not detectable in mature oligodendrocytegng revealed a differential pattern of expression of Mytl
and neither progenitors nor oligodendrocytes showegy \yt1) in vivo. While the antibody raised against
hybridization of the Myt1l probe. Mytll is specific for Mytll (Fig. 8), the affinity-purified
) ) ) antibody to Mytl &Mytl-His; Armstrong et al., 1995)
Differential Cellular Expression of Myt1 could potentially cross-react with Mytll. Therefore, using
and Mytll Proteins the aMyt1-His antibody we screened sections each day
Using a polypeptide from a region of Mytll thatfrom E11 through E18 for the overall expression of Myt1
was not conserved with Myt1, we developed an antibodgnd possibly Mytll), and then at selected timepoints
specific for an amino terminal region of Myt1l (boxed iradditional sections were immunostained with dhidyt1l
Fig. 2). As shown in Figure 8, theMytll antibody did antibody to identify cell populations expressing specifi-
not cross-react with a full-length recombinant Mytkally Mytll.
protein (Fig. 8B, lane 2), although it strongly reacted with ~ Within the developing CNS, areas of neuronal
a His-tagged Mytll polypeptide (Fig. 8B, lane 4). Likedifferentiation were strongly immunolabeled witMyt1l
wise, the aMytl-His antibody did not recognize theantibody whileaMyT1-His appeared to label both germi-
Mytll peptide (Fig. 8A, lane 4). However, théVlytl-His nal and differentiating areas (Fig. 10). With each anti-
antibody was raised against the “central domain” of thbody, the immunoreactivity was clearly nuclear (Fig. 10),
Mytl protein (amino acids 541-727), which does natith cytoplasmic immunoreactivity observed much less
include the highly conserved zinc finger domains but stiltequently (data not shown). Neurons were immunola-
retains 53% amino acid identity with Mytll (Fig. 3),beled with both antibodies in several distinct CNS
presenting the possibility that theMyt1-His antibody regions in which neurons are differentiating, including
may cross-react with the central domain of the intathe developing cerebral cortex as shown in Figure 10.
Mytll protein. In nuclear extracts from E17 rat brain, th€onsistent with the Northern analysis, we did not find
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Fig. 7. In situ hybridization for PLP, Mytl, and Mytll. half of C) and in much larger cells in the ventral horn gray
Hybridization of each digoxigenin-labeled riboprobe to tissumatter (upper half of C). Signal from hybridization with the
sections, from postnatal day 3 rat cervical spinal cord, detectilytl probe is also evident within cells scattered throughout the
by anti-digoxigenin antibody conjugated with alkaline phosphatorsal horn gray matter (examples indicated by arrows in D). E
tase and reacted with NBT-BCIP substrate. Ventral areas amd F show detection with the Myt1l probe which demonstrates
shown on the left4,C,E) and dorsal areas are shown on thsignal in the large cells within the ventral gray matter (E, left
right (B,D,F). A and B show detection of PLP mRNA tran-side of field) but not within cells of the ventrolateral white
scripts in oligodendrocytes concentrated in the ventral whiteatter (E, right side of field). Signal from hybridization with
matter (A) and distributed within the ventral gray matter (Ajhe Mytll probe is also evident within densely packed cells of
and dorsal gray matter (B). C and D show detection with thitee dorsal horn gray matter (F) but is again absent from the
Mytl probe which demonstrates signal in small cells of thehite matter (F, dorsal column along right edge of field). Scale
ventral white matter (examples indicated by arrows in the lowéar = 50 pum.
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Fig. 8. Immunoblot analysis using anti-Myt1 and anti-Myt1l antibodies. Duplicate blots were incubated with either antAMgtlaati-Mytll antibody B). Lanes 1and3
contain the control extracts prepared fr&scherichia coliwithout inductionLanes 2and4 contain theE. coli-expressed extracts of Mytl (A, lane 2, 165 kd), and Myt1l (B, lane
4, 30 kd). The respective control extracts from unindugedoli are shown in lanes 1 (Mytl) and 3 (Myt1l). The anti-Myt1 antibody does not cross-react with any b&ndsiin
expressed Mytll (A, lane 4), nor does the anti-Myt1l antibody cross-react with any bands in the Myt1 lane (B, lane2pand6 contain the rat brain nuclear extracts at ages
postnatal day 6 and embryonic day 17, respectively. Molecular sizes (in kilodaltons) are noted at the right.
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distributed over this period. Neuroepithelial and second-
ary germinal matrix areas, including the subventricular
zone, generally contained a majority of cells labeled with
. aMyT1-His but were not as well labeled throughout with
the aMytll antibody (Fig. 10). Immunolabeling of the
subventricular zone witlxMyT1-His continues postna-
tally and into adulthood (Armstrong et al., 1995, 1997). In
comparison, by E15 immunolabelling of neurons with an
antibody to TuJ1, which recognizes neurons either during
or immediately following terminal mitosis and accumu-
lates with further differentiation (Lee et al., 1990; Men-
ezes and Luskin, 1994), was widespread throughout the
CNS except for proliferative zones. Double immunolabel-

-4 ing of cells in areas of neuronal differentiation with TuJ1
= and aMytll antibodies demonstrated that not all TuJ1-
immunolabeled cells are immunolabeled wiiMytll
(Fig. 10). Since TuJ1 immunolabels all postmitotic neu-
rons, these results suggest that either Mytll is expressed
in only a subset of differentiating neurons or that Myt1l is
expressed in differentiating neurons shortly after expres-
F sion of TuJ1 commences. This may also be the case with

peripheral neurons based upon our preliminary results of
aMytll immunostaining of dorsal root ganglia neurons

Fig. 9. Immunolabeling of cultured neurons widaMyt1l f L
antibody. Neurons from E16 rat forebrain grown in culture fo‘data not shown). By P15, Mytll protein expression is

10 days were fixed, double immunolabeled with anti-MAP-Ze,\,”d_ent in I!mlted sets of neu_ronal subtypes, _lncludlng

detected with a fluorescein-conjugated anti-mouse 14Gn( within the hlppocqmpal formation. Furth(_er studies of the
green,C,E), and withaMyt1l, detected with a Cy3-conjugatedpPostnatal expression of MYT1l are required to correlate
anti-rabbit IgG A in red,B,D,F). A,B: TheaMyt1l immunore- the point at which MYT1| expression is down-regulated

activity (A, red) appears as a punctate pattern within the nuclergdative to the development of specific neuronal cell types
of a neuron, identified by anti-MAP-2 immunoreactivity (Athroughout the CNS.

green) in the cytoplasm of the cell body and processes. In B, the

aMytll nuclear pattern of the same cell is more clearly

distinguished by pseudocoloring that renders the gradient of

immunostaining intensity as a range of colors with the highe@t'SCUSSK)N

intensity pixels appearing white. Several adjacent cells are also  |n the present study, we describe the chromosomal
in this field but are only partially represented in this 0.25-inpcalization and further characterize the expression of
optical section. C,D: A neuron w_lth characteristic muIUpoIaMytL the prototypic member of a novel CCHC class of

processes is immunolabeled with MAP-2 (C) and showgsy, . finger proteins. We also present the cloning, chromo-

nuclear immunoreactivity fogMyt1l (D, and pseudocolored in o .
inset). E,F: AMAP-2 immunolabeled neuron (E) similar to tha?omaI localization, and characterization of a closely

shown above does not show nucleadytll inmunoreactivity related member of this class, Mytll. The development
after overnight incubation afMyt1l antibody with the Myt1l and application of specific probes that distinguish Myt1
antigen. The inset in F shows the same cell with DAPI nucle@nd Mytll (based on the uniqué @ntranslated region of
staining to show the nuclear integrity. All images are 0.25-uach transcript), together with the preparation of an
optical sections obtained with a B3 objective using the antibody specific for Myt1l, has allowed identification of
CELLscan image analysis system with exhaustive photeRe specific cell types expressing each zinc finger gene.
reassignment. Scale bar25 um for A-F. Preliminary in situ hybridization studies (Dent et al.,
1993), using a probe that did not distinguish between
Mytl and Myt1l, revealed transcripts in diverse neuronal
aMyT1-His immunoreactivity in the CNS at E11 butpopulations throughout the developing CNS. Our present
observed weak signal beginning at E12 and increasihgrthern blot analyses (Fig. 5) show that both Myt1 and
thereafter. Between E15 and E18 the distribution &ytll are expressed in developing brain beginning
differentiating neurons becomes much more widespreacbund E13-E15, with a peak transcript level for Mytl
(see Altman and Bayer, 1995), and the immunolabelirappearing at E15-17 while the peak for Mytll appeared
with both antibodies became similarly more widelglose to birth. Our in situ hybridization and immunostain-
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Fig. 10. Immunostaining of embryonic CNS for Mytl anddensely packed cells toward the right, caudal border of the
Mytll. Sagittal sections of developing rat embryos immundissue). Nuclei of cells in both the secondary germinal matrix
stained withaMyt1-His (A,C), with aMytll (B,D), or multi- area and the differentiation area of the E18 cerebellum are
labeled with TuJ1E), aMytll (F), and DAPI G). Examples of immunolabeled witlkMyt1-His (not shown). E-G show multi-
immunostaining of developing cortex at E15 (A) or E18 (B)abel immunofluorescence of the E18 cerebellar neuronal
show an expanding superficial neuronal differentiation arekfferentiation area to demonstrate developing neurons, immu-
with nuclear immunoreactivity (brown DAB reaction producholabeled with TuJ1 (E, detected with fluorescein), that range
against pink eosin counterstain) foMyt1-His (A) andaMytll from positive (arrows) to negative (arrowheads) &dvlytll

(B). An example of immunostaining of CNS neuroepitheliunimmunoreactivity (F, detected with Cy3) associated with the
(C, E14 tegmentum) shows nuclear immunoreactivity withuclei (G, detected with DAPI). The nuclea¥ytll immunore-
aMytl-His in the densely packed neuroepithelial cells (C) thatctivity exhibits a range of intensities and appears as punctate in
is not observed withaMytll (not shown). An example of some less intensely labeled cells but more completely fills the
immunostaining of a CNS secondary germinal matrix area (Ducleus in very intensely labeled cells because of overexposure
E18 cerebellum) shows nuclear immunoreactivity witflytll to convey the less intense signal. All images are photographs of
that is present in dispersed cells in the area of neuron&um-thick sections taken with a 50bjective. Scale bars
differentiation but is not marked in the proliferative are&0 um.
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ing results (Figs. 7, 10) now demonstrate the specifitc the Mytl family (Fig. 3) reveals the following strictly
neural cell populations expressing Myt1 and Myt1l. preserved consensus, where the underlined residues repre-
Our present results of Mytl expression extensent the tetrahedral coordination sites of zinc binding to
previous studies indicating that Mytl is expressed itysteine and histidine residue€PXPGCXGXGHX;
neural precursor cells. We observed Myt immunoreactitRSX,GCP. The additional invariant histidine residue is
ity in neuroepithelial germinal zones of the CNS inf note, since it is conceivable that this residue also
tissues from embryonic (Fig. 10), early postnatal (Armparticipates in metal coordination, in a Cys-&ys-X,-
strong et al., 1995), and adult (Armstrong et al., 199is-X,-His-Xs-Cys arrangement. The large number of
ages. The onset and peak of Mytl mRNA transcript levelgyariant proline and glycine residues in this consensus is
correlate well with the rapid increase of oligodendrocytgiso of interest, as the lack of secondary structure typical
progenitors around E16-E18 (LeVine and Goldmags zinc fingers is probably attributable to the interference
1988; Goyne et al., 1994). Based upon previous studigg these two amino acids witk-helical formation.
(Gogate et al., 1994; Armstrong et al., 1995), the Mytl'  pyt1 is a nuclear DNA-binding protein that recog-
signal in white matter reflects expression of Mytl ifyizes a site in the promoter of the myelin PLP gene (Kim
oligodendrocyte progenitors. This interpretation is alsghq Hudson, 1992). The repertoire of binding sites to
supported by the comparison with the expression of Plhich Myt1 displays high affinity is a broad one, rich in G
mMRNA in oligodendrocytes within the same regions Qksjques (Hudson et al., 1995). Th@nopusform of
tissue (Fig. 7). Interestingly, Mytl appears to be efgyt1 was found to bind with highest affinity to the
pressed in precursors of both neuronal and glial lineaggs,sensys site AMMGTTT (Bellefroid et al., 1996), which
and to be down-regulated in association with terming. o surprising in view of the near identity of the

dgfgéentiation (ArrEstrc'jong et aI.,l 1995; ]I?ellefroid et al.yertebrate and invertebrate zinc finger domains of MytL.
1996). However, the down-regulation of Mytl may vanfis giscrepancy probably arises from carrying out

between cell types or environmental influences, since trgucessive cycles of a random site selection assay to
spinal cord motorneurons continued to have detecta &termine the target site of binding, as the final binding

Mytl signal at postnatal day 3 (Fig. 7). In the adultsi . g .

tes isolated by these assays are high affinity but may not
heurons do not express detectable levels of Mytl (Arrpéflect the in vivo binding sites. This appears to be the
strong et al., 1997).

In contrast to Myt1, Myt1l was not found in glial case for theXxenopudMiytl, as the binding site identified

. o corresponds to a spacer element in the repetitive 5S
cells. Mytll transcripts were not detected in glial populaz . o ; .
. . S S - _rtibosomal RNA-encoding transcription units (Bellefroid
tions by either our in vitro or in vivo analyses usin

Northern blot and in situ hybridization techniques (Fig%.t al., 1996), yet Mytl immunoreactivity is clearly

6, 7). Nor was Mytll protein found in glial cells byexcluglgdhfrél)m anCIeOtI.' n ve%e;brate ceII_st_(Armf[tron?,
immunocytochemical methods (Fig. 10). Mytll mRN un":llj IsdeM cillserva 'kansl)' i E rego%nl lon s ef‘h or
transcripts were most abundant in prenatal brain when gL an ytil are likely to be similar, given the

majority of neurons are developing. Mytll protein ap(_extreme conservation between the zinc finger domains of

pears to be expressed in neurons after terminal mitodfi€ WO proteins (Fig. 3) and the ability of the Mytll
based upon double immunofluorescence wikiytl and p_roteln to bind _to_ an oligonucleotide containing the PLP
TuJ1 antibodies and based upon the overall lack of Myt3ii€ that was originally employed to clone Myt1 (Kim and
in neural proliferative zones (Fig. 10). Our findings arE!udson, 1992; Jiang et al., 1996). How the Myt1 family
supported by the demonstration that transcripts encodifigmPers function in the control of gene expression is st
Mytl1 (also referred to as png-1) are present in different'i*—”kno"f’”-_ Itis unll_kely that this far_nlly behaves as classic
ating neurons but not in bromodeoxyuridine-IabeIeFHa”SC”pt'ona' activators. In transient transfectlon assays,
proliferative neuroblasts (Weiner and Chun, 1997). Thu¥lytl has a minor affect on transcription from the PLP
the temporal and neuroanatomical distribution of Mytiromoter (J. Berndt, J.G.K., and L.D.H., unpublished
expression suggests an important role for Mytll ifesults); similarly, Mytll has minimal impact on the
neuronal differentiation. transcriptional activity of reporter plasmids containing

The Myt1 family has been highly conserved during/lyt1l-binding sites (Jiang et al., 1996). The intriguing
evolution, with respect to variation both between speciégcalization of Mytl in discrete subnuclear domains
and between family members. For example, the zif@rmstrong et al., 1995) together with the structure of the
finger domains ofXenopusand human Mytl are strik- Mytl proteins, in which multiple DNA-binding domains
ingly similar, sharing 98% amino acid identity. The tware organized into widely separated clusters, is consistent
family members (Mytl and Mytll) likewise display awith the possibility that this family of proteins may
high degree of identity (91% for the finger regions)perform an architectural role in assembling transcription-
Inspection of the 35 zinc fingers that have been sequenadlg active complexes in the nucleus.
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The mapping ofMYT1 and MYT1L to human adult rodent and human CNS in neural precursors of the
chromosome 20 and 2, respectively, was further refinedbventricular zone (Armstrong et al., 1997) and in
by linkage analysis in the mouse. TiMytl gene was oligodendrocyte progenitors within the white matter
located on mouse chromosome 2, with the gene order gi@bgate et al., 1994) suggests a potential role for Myt1 in
recombination fractions for each pair of loci in a (NFSCNS regenerative responses. This hypothesis is further
N X M. spretu$ X M. spretusor C58/J backcross ex-supported by preliminary results that indicate a reappear-
pressed as follows: centromere (H&E(8/89)-Cd40(8/ ance of Mytl in response to demyelination in rodent
95)-Pck1(3/95)Mytl- (4/100)Oprl. (M.S. Lyu, J.G.K., (Hudson et al., 1997) and human CNS (R. Armstrong, C.
L.D.H., and C.A. Kozak, Mouse genome database accésicchinetti, J. Kim, M. Rodriguez, and L. Hudson,
sion #MGD-JNUM-41157). This localization confirmsunpublished observations). Thus, further delineating the
that reported for NZF-2 (Jiang et al., 1996), demonstrable of these zinc finger proteins may reveal mechanisms
ing that NZF-2 is indeed the mouse form of Mytl. Thef neural development that are called into play during
mouse gene is in a region of conserved synteny with t@NS regenerative responses.
human chromosome 20 (Siracusa et al., 1996), where the
humanMYT1gene was mapped in this study (Fig. 4). The
Mytllgene was localized to mouse chromosome 12, Wik NOWLEDGMENTS
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