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DNA clones encoding the 3 mouse neurofilament (NF) genes have been isolated by cross-hybridization with a previously described
NF-L ¢cDNA probe from the rat. Screening of a Agt10 cDNA library prepared from mouse brain RNA led to the cloning of an NF-L
c¢DNA of 2.0 kb that spans the entire coding region of 541 amino acids and of an NF-M cDNA that covers 219 amino acids from the in-
ternal a-helical region and the carboxy-terminal domains of the protein. These cDNA clones were used as probes to screen mouse ge-
nomic libraries, and cosmid clones containing both NF-L and NF-M sequences were isolated as well as overlapping cosmids containing
the NF-H gene. This strongly suggests that the 3 neurofilament genes are organised in a cluster and derived by gene duplication of a
common ancestral gene. RNA blot analyses using specific DNA probes for each of the genes indicate that NF mRNAs are differential-
ly expressed during brain development. The NF-L and NF-M mRNAs are detected early in the embryonal brain, with a progressive in-
crease in their levels during development, while the NF-H mRNA is barely detectable at embryonal stages and accumulates later in

the postnatal brain.

INTRODUCTION

Intermediate filament (IF) genes are characteri-
zed by a cell-type specific expression during devel-
opment. There are 5 classes of IFs; vimentin fila-
ments in cells of mesenchymal origin, keratin fila-
ments in epithelial cells, desmin in muscle cells, glial
filaments in astrocytes and, finally, neurofilaments
(NFs) in neurons (for review, see refs. 17, 27, 35).

The different types of IF proteins share a common
structural feature; a highly conserved domain rich in
a-helices, flanked by amino and carboxy-terminal
domains which are hypervariable in sequence and
size*™9-10-28.29.30.34 protein and DNA sequence data
provide evidence that IF genes are derived from a
common ancestral gene. In addition, comparison be-
tween the organization of 3 different types of IF
genes, namely, vimentin, keratin and the glial fila-
ment genes, reveals a remarkable conservation of in-

tron positionsl.13.18.23.24.31 .

The 3 NF proteins with apparent molecular
weights of 68,000 (NF-L), 145,000 (NF-M) and
200,000 (NF-H)'? on SDS gel electrophoresis, share
a homologous a-helical domain with other types of IF
proteins, but contain a long extension at their carbo-
xy-terminals responsible for their difference in
size®7-15,

The isolation of partial cDNA clones encoding the
NF-L protein has been reported recently'®%. Using
cross-hybridization between the different genes, we
have isolated either genomic and/or cDNA clones for
all the neurofilament genes.

We describe here the isolation and characteriza-
tion of DNA clones encoding the 3 NF proteins. Spe-
cific NF DNA probes for each gene were used to de-
tect NF-L, NF-M and NF-H mRNAs at different
stages of the brain development.
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MATERIALS AND METHODS

Cloning and sequencing of NF DNA clones
Double-stranded ¢cDNA was synthesized from

poly(A)" mRNA extracted from mouse brain as de-

scribed'® and cloned into bacteriophage Agt10 using

EcoRlI linkers. The resulting cDNA library (about 5
X 107 plaques) was screened with an Xhol/BgllIl
cDNA probe encoding the rat NF-L protein'®. The
cDNA inserts from hybridizing clones were sub-
cloned into either the bacteriophage M13mp8 or into
plasmid pUCS for further analysis. Sequencing was

ACCACTGCTCCTGCCCCACTGCAGTCACC - 29
s s P 6GYDPZYVF 3T S35 Y ERRYVETU?PURUYVHTIS SV RS G Y -232
ATGAGTTCGTTCGGCTACGAT CCGTACTTTTCGACCTCCTACAAGCGGCGCTATGTGGAGACGCCCCGGGTGCACATCTCCAGCGTGCGCAGCGGCTAC - 128
S T A RS A Y S 8 Y S APV S S S L SV RRSZY S S S$ S G S L M P -85
AGCACGGCGCGCTCCGCGTACTCCAGCTACTCCGCGCCGGTCTCCT CCTCGCTGTCCGTGCGCCGCAGCTACTCGTCCAGCTCTGGCTCTTTGATGCCC — 227
S L ENLDUL S Q@ V A A I S NDULJZXIJ STIZRTUGQETZEKAQLGQEDTILND -98
AGCCTGGAGAATCTCGATCTGAGCCAGGTAGCCGCCAT CAGCAACGACCTCAAGT CTATCCGCACACAAGAGAAGGCACAGCTGCAGGACCTCAACGAT - 326
R F A S F I ERV HETULZESZGQQQVNEXE VYV L EAETULTILVYVULIRIQIETUHSTEP -1231
CGCTTCGCCAGCTTCATCGAGCGCGTGCACGAGCTGGAGCAGCAGAACAAGGTCTTGGAAGCCGAGCTGTTGGTGCTGCGCCAGAAACACTCTGAGCCT — 425
S R FR ALY EGQETIUZRDU LA RILAAEDATUDNETZ XK QA ATLGQQGERTE - 164
TCCCGCTTCCGCGCCCTGTACGAGCAGGAGAT CCGCGAT CTGCGCTTGGCAGCGGAAGACGCCACTAACGAGAAGCAAGCGCTGCAGGGCGAGCGCGAG - 524
G L EETULRNULSGQARTEETEVULSRED AEGRTLMESALRZEK G - 197
GGGCTGGAGGAGACTCTGCGCAACCTGCAGGCTCGCTATGAGGAAGAAGTGCTGAGCCGCGAGGACGCCGAGGGCCGGCTGATGGAACGCCGCARAGGT ~ 623
A DE AL ARAEULETZ KR RTIDSTULMDETIATFTULIEKTZ KV HETETETI A -23
GCGGATGAGGCCCTCGCCCGCGCGGAGCTGGAGAAGCGCATCGACAGCCTGATGGACGAGATAGCTTTCCTGAAGAAGGTGCACGAGGAAGAGATCGCC — 722
E L Q A ¢ I Q@ Y A Q I 8V EMDTV VS S EPUDTILS A ALIEKTDTIRAGG - 263
GAGCTGCAGGCT CAGAT CCAGTATGCT CAGAT CTCCGTGGAGATGGACGTGTCCTCCAAGCCCGACCTCTCCGCCGCTCTCAAGGACATCCGCGCTCAG — 821
Y E X L A AKNMGQ@NAEEUWTPFIXKXKSRFTUV L TESAAZEKWNTD & - 296
TACGAGAAGCTGGCCGCCAAGAACATGCAGAACGCCGAAGAGTGGTTCAAGAGCCGCTTCACCGTGCTAACCGAGAGCGCCGCCAAGAACACCGACGCT — 920
vV R A AZEKDEVSESRERLULI KA AEKTTULETIEHACRGMUINTEATLE - 329
GTGCGCGCTGCCAAGGACGAGGTGTCGGAAAGCCGCCGCCTGCT CAAGGCTAAGACCCTGGAGAT CGAAGCCTGCCGGGGTATGAACGAAGCTCTGGAG — 1019
K Q L Q EL EDEKIQQNADTISAMOE@DTINTEKTLEUDNZETULT RTGSTIE S - 362
AAGCAGCTGCAGGAGCTAGAGGACAAGCAGAATGCAGACATTAGCGCCATGCAGGACACAAT CAACAAACTGGAGAATGAGCTGAGAAGCACGAAGAGE ~ 1118
E M ARZY LK EZTYQDULZLNU YV XMALTUDTITETIA AATYT RTEKTLTLTEG G E - 395
GAGATGGCCAGCTACCTGAAGGAGTACCAGGACCTCCTCAATGT CAAGATGGCCTTGGACAT CGAGATTGCAGCTTACAGAAAACTCTTGGAAGGCGAA ~ 1217
ETRULSF TSV GG 85 I TS GY S QS S QV F GRS A Y S G L Q@ s - 428
GAGACCAGGCTCAGTTTCACCAGCGTGGGTAGCATAACCAGCGGCTACT CTCAGAGCT CGCAGGTCTTCGGCCGTTCTGCTTACAGTGGCTTGCAGAGE ~ 1316
§ S Y L M S AR SPF P ATYTYTSHUVQEESGTTETYTETETTIZEA AT K - 46
AGCTCCTACTTGATGTCTGCTCGCTCTTTCCCAGCCTACTATACCAGCCACGTCCAGGAAGAGCAGACAGAGGTCGAGGAGACCATTGAGGCTACGAAA — 1415
A E E A K DEUPUPSEGEAETEETETEKTET EKTETEGETETETETGATETE E - 494
GCTGAGGAGGCCAAGGATGAGCCCCCCTCTGAAGGAGAAGCAGAAGAGGAGGAGAAGGAGAAAGAGGAGGGAGAGGAAGACGAAGGCGCTGAGGAGGAL - 1514
E A £~ K DESEDTIEXKETETEEGSGEGETETETDTTZEXESETETETE K E - 527
GAAGCTGCCAAGGATGAGTCTGAAGACACAAAAGAAGAAGAAGAAGGTGGTGAGGG TGAGGAGGAAGACACCAAAGAATCTGAAGAGGAAGAGAAGAAA ~ 1613
EE S A G EE Q V A4 K K K D - 541
GAGGAGAGTGCTGGAGAGGAGCAGGTGGCTAAGAAGAAAGATTGAGCCCTATTCCCAACTATTCCAGGAAAAGTTCTCCCCAATCAGGTCAACCTCATE — 1712
ACCAACCAACCAGTTGAGTTCCAGATCCTATACAAATTAAGAAGTCAATACATGTATAATTCTGAGATGACTTAGGTTGGACTTTCAATGTGTGCTATG ~ 1811
AATTTCCTCCTTACGCAGAGTATCTGTTTGCTTGCAGAGTGGCTTTCTGGCTTGCTGCCAGCCTGTGCATGGTCCATGCTTATGAGTTCAGGATCTATG - 1910
GCAATGTGAATCACACAGATGTTTACAATAATAATAAAAAAAAAACCACACACACAACACGAAT AAATGAAT ~ 1982

Fig. I. Nucleotide sequence of an NF-L ¢cDNA clone. The predicted amino acid sequence of the open reading frame is shown above
the DNA sequence. The demarcation of the a-helical regions are indicated by a line above the amino acid sequences. Putative polyad-

enylation sites are underlined.



carried out by the dideoxy chain termination
method*? and/or according to Maxam and Gilbert®.
The NF-L, NF-M and NF-H genes were isolated
from a mouse genomic cosmid library in the vector
pLTC, a variant of pTCF in which the Hpal site has

been replaced by an Xhol site®.

RNA blot analysis

Total RNA was prepared as described”® from
mouse brain at different stages of embryonal and
postnatal development. The RNA samples were
fractionated by electrophoresis on 1% agarose gels in
the presence of formaldehyde, blotted and hybri-
dized with the appropriate 3?P-labelled DNA probes
as described'®.

RESULTS

Cloning of a cDNA encoding the mouse NF-L protein

A cDNA library of approximately 5 X 10° recom-
binants in Agtl0 was prepared from poly(A)* RNA
of the mouse brain. Screening of this library with a
cDNA probe encoding the rat NF-L protein'® yielded
46 positively hybridizing plaques. The largest NF-L
cDNA insert of 2.0 kb in size was further analyzed
and sequenced. As shown in Fig. 1, the cDNA spans
the entire coding region of the mouse NF-L protein
with 541 amino acid residues, predicting a molecular
weight of approximately 61,000. The a-helical do-
main deduced from the heptamer repeats of hydro-
phobic residues is typical of intermediate filament
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proteins. A comparison of the mouse NF-L protein
with the porcine sequences’ indicates a high degree
of conservation of NF-L protein with only 4% and
2% divergence in the amino terminal and helical re-
gions, respectively. Indeed, the interspecies differ-
ences occur primarily in the carboxy-terminal regions
which are characterized by a very high content of glu-
tamic acid residues. In Fig. 1 two potential polyade-
nylation sites at 277 and 299 nucleotides downstream
from the translational stop codon TGA are under-
lined. The identity of the 29 nucleotides upstream of
the ATG initiating codon have been confirmed by S1
nuclease mapping experiments as part of the NF-L
mRNA (data not shown), although we do not yet
know the actual position of the 5’ end of the mRNA.
The NF-L ¢cDNA hybridizes to two mRNA species as
shown by Northern blot hybridization!®? (Fig. 3).
The third hybridizing band (2 kb, Fig. 3) is a break-
down product of the 3.5 kb mRNA (data not shown).

Cloning of a cDNA encoding the NF-M protein
Screening of the cDNA library at reduced string-
ency (final wash in 0.3 SSC 55 °C) with the NF-L
c¢DNA probe yielded cross-hybridizing clones which
encode the NF-M protein. The sequence of an NF-M
cDNA insert of 650 bp is shown in Fig. 2. The cDNA
spans the a-helical region as well as part of the carbo-
xy-terminal tail domain of the NF-M protein. The de-
duced amino acid sequence of the mouse NF-M shows
an extensive homology (99%) with the reported por-
cine sequences’. Southern blot analyses show a single

L @ $ XK 8 1 £EL E SV RGTIXKESULERA QULSTDIEEURUHENUHDTIL -33
CTGCAGTCCAAGAGCATCGAGCTCGAGTCGGTGCGAGGCACT AAGGAGTCCCTGGAGCGGCAGCTCAGCGACAT CGAGGAGCGCCACAACCACGACCTC — 99

S S Y@ D TI Q QL ENZETULUZRGTIZEKWEMMARUHLUZ RETYASQDTULUL N -66
AGCAGCTACCAGGACACCATCCAGCAGTTGGAAAATGAACTTCGGGGAACCAAGTGGGAAATGGCTCGTCATTTGCGAGAATACCAGGATCTCCTTAAC ~ 198

V XM A LDTIZETIAAYRTI KU LULETGEETIRUPZSTUPF S GS ITGP -99
GTCAAGATGGCCCTGGACAT CGAGATCGCCGCGTACAGGAAACTCCTAGAGGGGGAAGAGACCAGATTTAGCACATTTTCAGGAAGCATCACCGGGCCT - 297

L YT HRQQP S V TTI S S K I Q KT XK V EAPIKULIK KV Q@ HXK F V E -132
CTGTACACACACCGACAGCCCTCAGTCACAATATTCAGTAAGATTCAGAAGACCAAAGTCGAGGCCCCCAAGCTCAAGGTCCAACACAAATTTGTGGAG — 396

E I I EET X V EDEKSEMEETTULTATIAETETULAASAZKEE -165
GAGATCATCGAAGAAACTAAAGTGGAAGATGAGAAGTCAGAAATGGAAGAAACCCTCACAGCCAT CGCAGAGGAGTTGGCAGCCTCCGCCAAAGAGGAG — 495

K EE AEE XK EZEU EPT EAEIKSP VK SPEATZXKXTETETETETETGE K E - 198
AAGGAAGAGGCCGAAGAAAAGGAGGAGGAACCAGAAGCCGAAAAGTCT CCCUTGAAGT CTCCTGAGGCTAAGGAAGAGGAGGAGGAAGGGGAAAAGGAG — 594

E B EE G Q@ E E E EEEDEG V K S DR R - 219
GAAGAAGAGGAAGGCCAGGAGGAAGAAGAGGAGGAAGATGAAGGTGTCAAGT CAGACAGGCGGAATTC - 662

Fig. 2. Nucleotide sequence of an NF-M cDNA clone with the deduced amino acid sequence. The a-helical region is indicated by a line

above the amino acid sequences.
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Fig. 3. RNA blot hybridization with neurofilament probes. NF-
L (lane 1), NF-M (lane 2) and NF-H (lane 3) DNA probes of
300 bp, 650 bp and 1200 bp respectively, were hybridized to 10
ug of total RNA from adult mouse brain. The marker sizes
were obtained from AxHindIII/EcoRI digest (kb). The blots
were washed to a stringency of 0.3 x SSC at 65 °C. The addi-
tional NF-L 2 kb band (lane 1) is due to a breakdown product of
the 3.5 kb mRNA, while the additional signal in NF-H is caused
by a breakdown of the 4.4 kb mRNA (lane 3).

strongly hybridizing fragment in several different re-
striction enzyme digests, which suggests the presence
of a single NF-M gene (data not shown). In contrast
to the NF-L. cDNA. which detects a 2.5 and a 3.5 kb
mRNA'"_ the NF-M probe detects a single nRNA
of 3.0 kb in size on Northern blot analyses (Fig. 3).

Isolation of genomic fragments encoding the NF-L,
NF-M and NF-H genes

Using the NF-L and NF-M cDNA clones as
probes, we screened two mouse genomic libraries
cloned in the cosmid vector pLTC, a variant of
pTCF®. Two cosmids from independent libraries hy-
bridized strongly to the NF-L and NF-M ¢cDNA’s on
Southern blots. Restriction mapping (see Fig. 4, top)
showed that the entire NF-L. gene was present adja-
cent to vector sequences at the 5 extremity of the
cosmids. The NF-M gene is situated approximately
30 kb 3’ from the NF-L gene at the 3" extremity of the

cosmids, although part of the NF-M gene is not pres-
ent since several restriction sites detected by South-
ern blots of genomic DNA are not present on the 3’
end of the cosmid (not shown). The NF-M cDNA was
subsequently used to screen a mouse genomic library
cloned in the phage vector EMBL-3 and yielded a
single clone corresponding to the NF-M gene. This
recombinant overlaps with the cosmids at the 3’ ex-
tremity, it has all the restriction sites (HinlIII EcoRI)
and presumably contains the entire NF-M gene.

Screening the genomic cosmid libraries at reduced
stringency vielded 3 overlapping clones which gen-
erated restriction fragments that did not correspond
to the fragments of the NF-L or the NF-M gene on
Southern blots of total genomic DNA (not shown).
Fig. 4, bottom, shows a restriction map of these cos-
mid clones that were subsequently identified as con-
taining the NF-H gene. The Xhol/Bglll fragment of
1.2 kb, illustrated by the heavy line, has been used as
a hybridising probe on Northern blots and detects a
brain specific mRNA of 4.5 kb (Fig. 3). This RNA is
therefore larger than any known NF of other IF
mRNA encoding keratin. vimentin, desmin or the
glial fibrillary acidic protein'®-1-3-343¢_

The NF-L. ¢cDNA cross-hybridized with a 1.2 kb
Xhol/Bglll fragment corresponding to a highly con-
served region of IF proteins found in the end of the «-
helical domains. In Fig. 3 this exon sequence of the
putative NF-H gene has been aligned with the corre-
sponding amino acid sequences of the NF-L and NF-
M proteins. As expected. the 3 NF proteins share a
strong homology in this region with 86% sequence
identity at the amino acid level. Also identified from
the limited sequence data are the positions of two in-
trons which are in different positions in relation to the
conserved u-helical region of the protein. to those of
all other IF proteins (for review, see ref. 35). which
are mostly found in identical positions. However, the
intron positions of the cosmid agree perfectly with
the intron positions of the human NF-L gene (Julien
et al.. submitted), which together with the large
mRNA gene strongly argue that this clone represents
the murine NF-H gene.

Any attempts to link the NF-H cosmids and the
NF-L or M cosmids by chromosomal walking. did not
result in the isolation of any new clones. outside the
already mapped area. This result. together with the
isolation of nearly identical NF-L. or M clones from
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Fig. 4. Top: restriction cleavage map of a genomic clone containing the NF-L and NF-M genes. Arrows indicate direction of transcrip-
tion, S, Sall; C, Clal; X, Xhol; B, BglIl; E, EcoRI; H, HinlIII; K, Kpnl; RV, EcoRV. Bottom: restriction cleavage map of genomic
clones containing the NF-H gene.

separate libraries, indicates that the further flanking velopmental stages of the embryonal and postnatal
regions might be difficult to obtain as recombinant mouse brain were hybridized with specific NF DNA
cosmid clones. probes that were *?P-labelled at approximately the
same specific activity. For hybridization we have
Developmental expression of neurofilament mRNAs used NF-L and NF-M cDNA probes of 300 bp and
Northern blots of RNA obtained at different de- 660 bp, respectively, and a Bglll/Xhol NF-H probe
[ o ""” "— N - - = . 3 ‘ """‘""’7'"'"‘ | a— [F coT o - T - - 1
NE-L o0 R T 1w ¥ILOFE oM £ L ST KiSJE M A RIY LIKIE Y 0D L LNV K M.
NE- Do) 7L 0 0L E N FE L RIGIT K A E A4 A RIKILR EY QDL LN YK M
NER L0 DPATD 00 LPRTSIE L RGN|T R M E M ATAQL RE Y QD LL N K M]3
CASBASGETATTCAGCAGC TRGACAGTRAGC TGAGAAAC ACCAAGTEGGAGATGGC TGCACAGCTCCGASAGTACCAGGACCTGCTCAACGTCAAGATS ~ 99
'JF—L“"\L{}IEIAAYR[
NE-d A LD 1 T 1 A A Y R
W ALY T E LA A Y R, - 13
GCCCTGGACATTRAGATTGCCGC T TACAGG - 129

Fig. 5. Exon sequence of the NF-H gene corresponding to the highly conserved region at neurofilament proteins. The nucleotide se-
quence of the NF-H gene (fragment a in Fig. 4) is shown with the predicted amino acid sequences. The corresponding amino acid se-
quences of the NF-L and NF-M proteins have been aligned. Boxed residues represent sequence identity.
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of 1.2 kb containing at least 130 bp of exon sequences
(Fig. 4). The autoradiographs in Fig. 6 reveal that the
NF-L and NF-M transcripts are already detected in
the brain of the embryo at 11 days of gestation. We
did not investigate the expression of NF mRNAs at
earlier stages of development because of technical
difficulties in obtaining sufficient brain tissues for
Northern blot analyses. There is a progressive in-
crease of NF-L and NF-M mRNA levels during em-
bryonal and early postnatal neuronal development,
up to a level higher than that found in the adult ani-

E P

45 1° 6.9 15.A

NF-L

NF-H

Fig. 6. Developmental expression of neurofilament mRNAs.
Total RNA from mouse brain at different stages (days) of em-
bryonal (E) and postnatal (P) development was resolved on
1% agarose gel and transferred to nitrocellulose. Each lane
contains 10 gg of total RNA with the exception of the adult (A)
sample which contains 7 ug of RNA. The blots were hybridized
to NF-L. NF-M and NF-H DNA probes of 300 bp. 650 bp and
1200 bp which were *?P-labelled at similar specific activities.
The NF-L, NF-M and NF-H autoradiographs were exposed for
4 days, 6 h and 4 days, respectively, with an intensifying screen
at=70 °C.

mal. In contrast to NF-L and NF-M, barely detect-
able amounts of the 4.5 kb NF-H mRNA are ob-
served before birth. The NF-H mRNAs accumulate
to a significant extent only in the postnatal brain. It is
clear that all the NF mRNAs are expressed at lower
levels in the adult brain when compared to the young
postnatal brain, although it should be noted that the
difference is exaggerated in Fig. 6 (7 ug of mRNA in
the adult RNA lane vs 10 g in the others).

DISCUSSION

We report here the isolation of DNA clones encod-
ing the 3 mouse NF proteins. The cloning of the NF-
M and NF-H genes was based on cross-hybridization
with an NF-L ¢cDNA probe of the rat!®, The cDNA
clones that were isolated for the NF-L and NF-M
genes are not full length cDNAs, probably caused by
incomplete first strand synthesis and/or cleavage by
EcoRlI prior to cloning in the Agt10 vector. This might
also explain why we did not pick up any NF-H clones
from the library; the NF-H mRNA will contain a
large 3’ tail region downstream from the a-helical re-
gion and consequently will not be picked up by the
probe. To screen the genomic library we used an
Xho/BgllIl restriction fragment that does not cover
the region containing the long purine tracts (nucleo-
tides 1445-1655 in Fig. 1) to prevent hybridization to
a repetitive element in the mouse genome®. A com-
parison at the nucleic acid sequence level between
NF-L, NF-M and NF-H genes indicates that the nu-
cleotides 1067-1232 in Fig. 1 encode the conserved
consensus sequence of 1F proteins that must be large-
ly responsible for the observed cross-hybridizations.
For instance, the consensus amino acid sequence re-
gion shown in Fig. 5 has (between NF-L, NF-M and
NF-H) over 80% nucleotide sequence identity.

In general, homologies between IF proteins are
entirely restricted to the a-helical regions, although
type 11 cytokeratin proteins display certain common
features of domain arrangement in their carboxyter-
mini'®. A comparison of the sequences in Figs. 1 and
2 reveals that the homologies between NF-L and NF-
M proteins are not restricted only to the a-helical re-
gion, but extend also to the so-called hypervariable
tail region. In both NF proteins, the tail region is
characterized by repeats of glutamic acid residues en-
coded by long purine tracts, suggesting that the NF



genes arose by duplication of a common ancestral NF
gene. The highly charged tail region of NF proteins
might represent functionally important domains re-
lated to cell-type specific functions. There is evi-
dence that these regions form side-arms on the NF
structure which interact with other neuronal compo-
nents®!1'>. A comparison of the NF-H genomic
clone with the NF-L and NF-M cDNA sequence
shows that at least two intron sequences in the NF-H
gene occur at different positions to those in the other
(non NF) intermediate filament genes®, though in
the same positions as those in the human NF-L gene
(Julien et al., submitted), suggesting that the neuro-
filament gene family arose by the reverse transcrip-
tion of an I[F mRNA followed by homologous recom-
bination into the genome and the regaining of introns
in different positions to those of other IF genes. Gene
duplication would then have created 3 neurofilament
genes with identical intron positions.

Expression of IF genes during embryonic devel-
opment often correlates with the emergence of defin-
itive cell types'?’. The development blots in Fig. 5
show that the expression of NF genes is an early
event in brain differentiation as NF-L. and NF-M
mRNA species are detected in the early embryonal
brain at 11 days of gestation. The early appearance of
NF mRNAs is in accordance with immunofluores-
cence data, using antibodies specific to NF pro-
teins>>. These studies have shown that the initial ap-
pearance of NFs is concomitant with the initiation of
axon extension in the postmitotic neurons®, although
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In situ hybridization using a specific NF-L DNA
probe has recently been used for distinct and rapid lo-
calization of NF-L mRNA s in neuronal cell bodies?!.
The availability of specific NF DNA clones encoding
the three NF proteins will allow these new ap-
proaches to be used to investigate NF gene expres-
sion of the developing brain.
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