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Purification, Cloning, and Expression of Ciliary
Neurotrophic Factor (CNTF)

LeUu-FEN H. LiN, DRrRzISLAV MISMER, JACK D. LILE, LYyMAN G. ARMES,
EUGENE T. BUTLER III, JAMES .. VANNICE, FRANK COLLINS*

Ciliary neurotrophic factor (CNTF) is one of a small
number of proteins with neurotrophic activities distinct
from nerve growth factor (NGF). CNTF has now been
purified and cloned and the primary structure of CNTF
from rabbit sciatic nerve has been determined. Biological-
ly active CNTF has been transiently expressed from a
rabbit complementary DNA clone. CNTF is a neural
effector without significant sequence homologies to any
previously reported protein.

distinguish it from the only well-characterized neurotrophic

factor, NGF, and suggest that it has an important role in
neural development. Substantially purified preparations of CNTF
promote the survival in culture of neurons from embryonic para-
sympathetic, sympathetic, and sensory ganglia (1). Similar prepara-
tions promote the differentiation of sympathetic neuroblasts by
inhibiting their proliferation and increasing the levels of neurotrans-
mitter and transmitter synthetic enzymes (2). CNTF has also been
implicated in regulating the differentiation of the type-2 astrocyte
cell lineage during development of the optic nerve (3). These
activities are associated with an acidic protein of about 24 kD that is
found in highest concentrations in peripheral nerve tissue and which
has biological activity that survives reducing SDS—polyacrylamide
gel electrophoresis (4).

To characterize the protein responsible for these activities, we
purified CNTF from adult rabbit sciatic nerves (5) with the bioassay
originally used to define CNTF: its ability to promote the survival of
chick embryo ciliary ganglion neurons (6). A final specific activity of
12 trophic units (TU) per nanogram was observed after an approxi-
mately 25,000-fold purification. The concentration of TU per
milliliter was defined as the reciprocal of the dilution that gave 50
percent of maximal survival in the ciliary ganglion survival assay (6).

We could not obtain an amino-terminal amino acid sequence
from the intact protein. Therefore, peptides generated by various
proteolytic digestions were purified and sequenced (7). Stretches of
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primary structure derived from overlapping peptide sequences are
underlined in Fig. 1.

We used the polymerase chain reaction (PCR) (8) to obtain just
over half the sequence of the rabbit gene for CNTF. Degenerate
oligonucleotides based on the sequences indicated as 1, 2, and 3 in
Fig. 1 were synthesized in sense and antisense orientations. PCR
was performed with rabbit genomic DNA or rabbit sciatic nerve
complementary DNA (9) as template and oligonucleotides 1 (sense)
and 3 (antisense) as primers. The products from each reaction were
subcloned into a single-stranded phage vector and screened with
labeled intervening oligonucleotide 2 (8). Several oligonucleotide 2
positive clones were sequenced, each giving the sequence of the
rabbit gene between oligonucleotides 1 and 3 (Fig. 1).

The insert from one such clone was labeled and used to screen
200,000 independent clones of a rabbit sciatic nerve cDNA library
(9), yielding a single positive clone. This clone was digested with the
restriction enzyme Eco RI, resulting in three fragments of 2.0, 1.5,
and 0.6 kb, which made up the entire insert. The 1.5-kb fragment
was subcloned and sequenced in both orientations (9) and found to
contain the entire coding sequence for rabbit CNTF (Fig. 1). The
sequence obtained agrees exactly with amino acid sequences ob-
tained from purified CNTF (Fig. 1) and with the DNA sequences
obtained with PCR. The CNTF sequence deduced from the cDNA
has a calculated molecular size of 22.7 kD and a calculated isoelectric

MAFMEHSALTPHRRELCSRTIWLARKTIRSD 30
1 2
LTALTESFVKHOGILINKNINTIIDSVDGVPMAS 60
TDQWSELTEAERLQENLQAYRTFHIMLARL 90

LEDQOQVHFTPAEGDHFQAIHTLLLQVAATFARA 120

YQIEELMVLLECNIPPKDADGTPVIGGDGL 150

3
FEKKLWGLKVLQELSHWTVRSIHDLRVISC 180

HQTGIPAHGSHYIANDEKEM stop 199

Fig. 1. The inferred amino acid sequence for rabbit CNTF. The underlined
amino acid sequences are identical to those obtained by sequencing purified
CNTF. The sequence is considered complete because there is a stop codon
three base pairs upstream of the presumed initiating methionine and another
stop codon immediately after the carboxyl-terminal methionine. In the
absence of amino-terminal amino acid sequence, the first methionine follow-
ing the upstream stop codon was assigned as the site of initiation of
translation. The amino acid sequences used to generate several degenerate
oligonucleotides are boxed. The nucleic acid sequence has been deposited
with GenBank: accession number M29828. Abbreviations for the amino
acid residues are as follows: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly;
H, His; I, lle; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, Gln; R, Arg; S,
Ser; T, Thr; V, Val; W, Trp; and Y, Tyr.
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point (pI) of 5.78, both of which are in good agreement with direct
measurement of these properties in the purified protein.

The 1.5-kb Eco RI restriction fragment containing the coding
sequence for CNTF was used to probe an RNA (Northern) blot of
polyadenylated RNA from rabbit sciatic nerve. It hybridized to a
band of approximately 4.3 kb (Fig. 2). The 2.0- and 0.6-kb Eco RI
restriction fragments from the cDNA clone recognized the same
4.3-kb band when used to probe this RNA blot, suggesting that the
cDNA insert (4.1 kb) is approximately full length and that all three
Eco RI fragments are part of the same cDNA. There was no
hybridizing RNA detected when the 1.5-kb Eco RI fragment was
used to probe polyadenylated liver RNA (Fig. 2), suggesting tissue
specificity in the distribution of this message.

Biologically active recombinant CNTF was expressed by using
rabbit sciatic nerve cDNA. The 1.5-kb Eco RI restriction fragment

Fig. 2. RNA (Northern) blot analysis with rabbit
sciatic nerve and liver RNA. Polyadenylated RNA (9)
from rabbit sciatic nerves (lane 1, 5 pg) and rabbit liver
(lane 2, 7.5 pg) were electrophoresed on a 1 percent
agarose, 6.6 percent formaldehyde gel and transferred
to Zeta-Probe blotting membrane (Bio-Rad) and
cross-linked with ultraviolet irradiation. The 1.5-kb
Eco RI restriction fragment (see text) was 32P-labeled
by random priming (9) to 1.5 X 10® dpm/pg and
hybridized to the blot for 16 hours at 42°C in 5 X saline
sodium citrate (SSC) (1x SSC is 150 mM sodium
chloride, 15 mM sodium citrate) containing 50 percent
formamide, 7 percent SDS, yeast tRNA (0.15 mg/ml),
and sheared salmon sperm DNA (0.05 mg/ml). The
blot was washed in 0.2Xx SSC containing 0.5 percent
SDS at 65°C and exposed to Xomat AR50 film (Ko-
dak) for 6 hours at —80°C with a Cronex Quanta 3
intensifying screen. The size markers were Hind III
restriction fragments of DNA from phage lambda.
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Fig. 3. Transient expression of CNTF. COS-7 cells were transfected with a
transient expression vector containing rabbit CNTF cDNA (@, O) or vector
alone (M, OJ). After 48 hours, serum-free culture medium containing 0.4 p.g
of protein per milliliter (O, ) and cell extracts, obtained by brief sonication
of cell pellets, containing 0.3 mg of protein per milliliter (@, M) were
bioassayed (6). Absorbance at 570 nm (increasing neuronal survival) in
replicate wells is plotted as a function of the final dilution of samples. Rabbit
sciatic nerve extract at 1.4 mg of protein per milliliter was assayed as a
positive control (A).
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was subcloned into a transient expression vector and transfected into
COS-7 cells (10). After 48 hours the cell extract, but not the culture
medium, contained significant CNTF biological activity (Fig. 3). In
contrast, control COS-7 cell cultures transfected with expression
vector without an insert had no detectable biological activity in
cither the cell extract or culture medium.

Protein immunoblots of the biologically active extract of cells
transfected with the rabbit cDNA showed a single band at about 24
kD, which reacted with affinity-purified antibodies to CNTF pep-
tides (Fig. 4, lane 8). This band was not detectable in the biological-
ly inactive extract of control cells transfected with vector alone (Fig.
4, lane 10) or in the biologically inactive culture media from cells
transfected with cDNA or vector only. Thus, there was a strong
correlation between the presence of CNTF biological activity and
the appearance of a CNTF cross-reacting species. The specific
activity of CNTF produced by COS-7 cells was roughly estimated
from bioactivity and protein immunoblots to be 10 to 15 TU/ng,
which is consistent with the average specific activity of purified
CNTF (12 TU/ng).

Searches of protein and nucleic acid sequence banks (11) revealed
no significant homologies between CNTF and any other reported
sequences, including other proteins with neurotrophic activities
such as acidic and basic fibroblast growth factor (12), neuroleukin
(13), purpurin (14), and NGF (15). In addition, the primary
structure of CNTF does not contain an amino-terminal signal
sequence of the type that is typically cleaved in secreted proteins
(16). Possibly as a consequence of this, CNTF was detected only in
cell extracts, not culture medium, when transiently expressed in
COS-7 cells (Fig. 3). In contrast, NGF has an amino-terminal signal
sequence that is removed during processing and secretion of the
mature protein (15).

In summary, we have purified CNTF from rabbit sciatic nerves
and obtained partial amino acid sequence which was used, in

Fig. 4. (Lanes 1-6) The

specificity of antibodies to

CNTF. Purified CNTF (20 ,p
ng/lane) exhibited two major g5 __ =
(and often several closely o
spaced minor) bands between
22 and 24 kD after silver-
staining (lane 1). All such
bands were immunostained in
protein immunoblots (17) by
antiserum to synthetic CNTF
peptide A (18) (lane 2). Im-
munostaining was specific be-
cause serum from unimmu-
nized animals did not recog-
nize purified CNTF (lane 3).
Also, immunostaining by
antiserum to peptide A was
prevented by 0.6 mM peptide
A (lane 4) but not by unrelat-
ed peptide at 0.6 mM (lane 5).
Finally, antibodies purified on
a peptide A affinity column (18) still immunostained CNTF (lane 6).
Identical results (not shown) were obtained with antiserum to CNTF
peptides B and C (18). (Lanes 7-10) The expression of CNTF immunoreac-
tive material in COS-7 cells. Lanes 7 and 8 contain 3 and 60 pg of protein,
respectively, from extracts of COS-7 cells transfected with rabbit CNTF
cDNA in expression vector; lane 7 is silver-stained, whereas lane 8 is
immunostained with antibodies purified on a peptide A affinity column.
Lanes 9 and 10 are identical to 7 and 8, respectively, except that each
contains the extract of control cells transfected with expression vector alone.
Only cells transfected with CNTF cDNA contained material recognized by
antibodies to CNTF peptides. In side-by-side comparisons, this immuno-
stained band migrated in the position of the largest of the multiple,
immunologically related bands in purified CNTF.
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conjunction with PCR, to clone an approximately full-length cDNA
for this protein. The primary structure of CNTF has been deter-
mined from this cDNA, and it agrees exactly with the sequences
obtained both from the purified protein and from PCR. Bioactive
and immunoreactive CNTF has been transiently expressed with the
cDNA, confirming its identity. Our work provides a basis for
defining at the molecular level the actions and functions of CNTF in
the nervous system.
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