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We have isolated from a rat brain lgtll expression library two overlapping cDNA clones of sizes 2.5 and 
3.0 kb corresponding to the heavy neurofilament polypeptide (NF-H). The 2.5 kb insert apparently repre- 
sents virtually the whole of the C-terminal tail, the 3.0 kb insert also encodes the conserved epitope for the 
monoclonal antibody, anti-IFA. The identity of the cDNAs was established by comparison of the predicted 
amino acid sequence with the known partial amino acid sequence of porcine NF-H. A repeat peptide se- 

quence that may be a multiphosphorylation site was identified in the C-terminal non-helical tail. 

Neurojlament (Rat brain) 

1. INTRODUCTION 

In mammals, neurofilaments are composed of 
three major polypeptides with apparent M, values 
of approx. 70000, 160000 and 200000 (NF-L, NF- 
M and NF-H, respectively) [l]. Neurofilament 
function and metabolic regulation are poorly 
understood but it has been found using specific an- 
tibodies that NF-L and NF-M appear in the im- 
mature neurone before NF-H [2-51. Cloning of 
intermediate filament cDNA and genes will enable 
a greater understanding of their genetic regulation, 
both during development and in the fully differen- 
tiated organism. Recently, two laboratories have 
isolated cDNA probes for NF-L [6,7]. We now 
describe the isolation of cDNA probes for NF-H. 

2. MATERIALS AND METHODS 

2.1. Preparation of a rat brain cDNA library 
Total rat brain poly(A+) mRNA was isolated by 
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cDNA library Cytoskeleton 

a modified [8] LiCl/urea extraction procedure [9] 
and chromatography on poly(U)-Sepharose [lo]. 
cDNA was prepared [l l] and cDNA greater than 
500 bp in length was inserted into the EcoRI site of 
the expression vector, hgtll [12]. 

2.2. Preparation of antisera and screening of the 
library 

Rabbit antisera to dephosphorylated NF-L, NF- 
M and NF-H [13] were prepared and stripped of 
anti-E. coli antibodies by incubating a 1: 20 dilu- 
tion of antiserum in foetal calf serum (FCS) with 
0.05 vol. of an overnight culture of plating cells 
and 0.1 vol. of a lysed culture of BNN97 cells [ 121 
for 16 h at 4°C. After centrifugation the super- 
natants were diluted 1: 5 with FCS and used for 
screening the library [12], substituting protein A- 
peroxidase for iodinated protein A [14]. 

2.3. Sequencing 
The inserts were subcloned into the EcoRI site of 

Ml3 mp8 and sequenced by the dideoxy chain ter- 
mination method. 

2.4. Western blotting of fusion proteins 
Lysogens in E. coli strain Y1089 were grown to 
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mid-log phase and fusion-protein production in- 
duced with IPTG [12]. The cell pellets after cen- 
trifugation were boiled in SDS sample buffer and 
analysed by Western blotting using NF-H 
monoclonal antibodies (mabs) RS18, 147 and 1215 
and the pan intermediate filament mab, anti-IFA 
[15,16]. 

3. RESULTS AND DISCUSSION 

A library of 5 x lo6 independent plaques was 
generated and approx. 5 x lo5 plaques screened. 
Two strongly positive plaques were cloned. The 
sizes of the inserts were determined by agarose gel 
electrophoresis to be 2.5 and 3.0 kb. The 2.5 kb in- 
sert was subcloned into the plasmid, pAT153, 
DNA prepared, nick-translated and used to probe 
a Southern blot of the two inserts [ 171. Both gave 
strongly positive signals (not shown), indicating 
that they were similar. A Northern blot of rat brain 
mRNA with this same probe gave a strong band of 
4.5 kb (not shown) [17]. 

Western blots of the fusion proteins generated 
by the two inserts showed that both were labelled 
by NF-H mabs, RS18, 147 and 1215 but that only 
the 3.0 kb fusion protein was labelled by the mab, 
anti-IFA (not shown). The epitope for anti-IFA is 
probably present in all intermediate filament struc- 
tural polypeptides and is located at the highly con- 
served C-terminal end of a-helix 2 of the general 
intermediate filament structure [ 181. The epitopes 
for the three neurofilament mabs are located in the 
non-helical C-terminal tail of NF-H [ 151. Thus, the 
anti-IFA epitope appears to be encoded in the first 
500 bp of the 5 ‘-end of the 3.0 kb insert and the 
other three epitopes are encoded in the overlapping 
3 ends of both inserts since sequence analysis 
showed that the 3 ‘-ends both have poly(A+) tails. 

The labelling pattern with the monoclonal an- 
tibodies enabled us to predict that the 5 ’ -end of the 
3.0 kb insert would correspond approximately to 
helix 2 of NF-H which is a segment of known 
amino acid sequence for NF-L, NF-M and NF-H 
[6,18-201. A comparison of a sequence of 61 
amino acid residues revealed only two differences 
between that predicted from our rat cDNA se- 
quence and the published amino acid sequence of 
porcine NF-H but there were 30 differences be- 
tween the predicted rat sequence and porcine NF- 
M and 35 differences with rat NF-L (fig.la). 
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NF-blp 238 
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w-m - 
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Fig. la. 

NF-L CACGAGGAAGAGATCGCCGAGCTGCAGGCTCAGATCCAG 
NF-R CACCAGGAGGAGGTGGGCGAGCTGC’TCGGTCAGATTCAGGGCTGC 

NE’-L TATGCICAGATCTCCGTGGAGATGGACGTGTCCTCC 
NP-H GGTGCCGCGCAGGCGCAGGCTCAGGCCGAGGCTCGGGACGCCCTC 

NF-I. AAGCCCGACCTCTCCGCCGCTCTCAAGGACATCCGCGCTCAGTAC 
NF-H AAGTGCGACGTGACGTCGGCGCTGCGGGAGATCCGCGCGCAGCTC 

NF-L GAGAAGCTGGCCGCCAAGAATATGCAGAATGCCGAAGAGTGGTTC 
NP’-H GAAGGACACACGGTGCAGAGTACGCTGCAGTCAGAGGAGTGGTTC 

NF-L AAGAGCCGCTTCACGGTGCTAACCGAGAGCGCCGCCAAGAACACC 
NC‘-” CGAGTGAGATTGGACCGACTCTCAGAGGCAGCCAAAGTGAACACG 

NF-I, GACGCAGTGCGCGCTGCCAAGGACGAGGTGTCGGAAAGCCGC 
NF-H GAPGCTATGCGCTCTGCCCAAGAGGAGATAACTGAG~ACCGG 

Fig. lb. 

K EAQGEEEEEAEEGGEEA 
AAAGAGGCCCAAGGGGAGGAAGAAGAAGAGGGAGA 

A ‘P T S P PAEEAASPEKETK 
GCAACTACGTCTCCCCCTGCAGAAGAGGC’~GCATCTCCAGAAAA~AAACCAAG 

SPVKEEA KSPAEAKSPAE 
TC’rCCTGTGAAAGAAGAGGCCAAGTCCCCA~TGAGGCCAAGTCCCCA~TGAG 

A K S P A EAKSPAEVKSPA 
GCCAAGTCACCAGCTGAGGCCAAGTCCCCAGCTGAGGTCAAATCTCCAGCT 

Fig. lc. 

Fig. 1. (a) 5 ‘-end nucleotide and deduced amino acid 
sequences of rat 3.0 kb NF-H cDNA compared with the 
known partial amino acid sequences of porcine NF-H 
and NF-M [l&20] and the deduced sequence of rat NF- 
L [6]. r, rat; p, porcine; - - -, deletions allowing for 
better alignment of homologous sequences; -, 
regions of unknown sequence; non-homologous residues 
are underlined in NF-Hr; amino acid residue position is 
given in column 2. (b) Rat NF-L [6] and NF-H DNA 
homology; the gap enables maximum alignment for 
homology and corresponds to the extra 5 amino acids in 
NF-I-I. (c) 5’-end DNA and deduced amino acid 

sequences of the 2.5 kb NF-H cDNA. 

Hence, when comparing the same set of amino 
acid residues, the 3.0 kb insert is seen to be an NF- 
H cDNA. Limited DNA homology between rat 
NF-H and rat NF-L was found in this region 
(fig.lb). There also appears to be an additional 
five amino acids in the rat NF-H inserted im- 
mediately after the end of helix 1 b corresponding 
to residue 251 in porcine NF-M (fig. la); the pro- 
tein sequence for this segment in porcine NF-H has 
not been reported. 

We postulate that the 5’-end of the 2.5 kb 
cDNA (fig. lc) probably corresponds to the stretch 
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Fig.2. Relative positions of overlapping fragments of 
NF-H cDNAs in relation to the proposed protein 
secondary structure. Cross-hatched areas la, lb and 2 
are the a-helical domains; P, phosphorylation site; a- 
IFA, RS18, 147 and 1215 are the locations of the 

epitopes for these mabs; A, poly(A) tail. 

of the NF-H C-terminal tail that is known to be 
heavily phosphorylated [21]. The sequence of 
this region reveals a peptide repeat unit 
-Glu.(Ala,Val).Lys.Ser.Pro.Ala- that is repeated 
at least five times (fig.lc). Four of these units con- 
tain alanine as the second amino acid and the other 
contains valine; this represents a conservative dif- 
ference. Centrally placed in this repeat unit is a 
serine residue in a charged environment. This 
could well represent a phosphorylation site and 
thus the repeat of this sequence may form a 
multiphosphorylation site in NF-H. 

Fig.2 shows the probable relationship of the two 
cDNAs to the known protein sequences, secondary 
structure motif and epitope and phosphorylation 
site locations of NF-H [l&20]. 
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