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Fig. 1.

Phase contrast microphotographs o ciliary ganglion

CG) neurons cultured for 24 hr

(

in various conditions. Three hundreds ul of CG neurons suspened in the culture medium
was dispensed into each culture well (& 16 mm). Then, each well received the same
volume of PBS(—) (A) or partially purified gizzard extracts at each purification step (B-
E): (B), 0—35% ammonium sulfate fraction (100 xg protein/ml): (C), eluent (40 ug
protein/ml) with 1.5 M NaCl from DEAE cellulose column chromatography presented in
Fig. 3; (D), flow through fraction (53 ug protein/ml) of DEAE cellulose column chromato-
graphy; (E), 1 to 1 mixture samples of 1.5 M NaCl eluent and flow through fraction.
After a 24-hr incubation at 37°C in 1094 CO, in air, CG neurons in each well were observed
and photographed on phase contrast microscorpe.
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Table 1. Effect of conditioned media and tissue extracts on neurite outgrowth of cultured ciliary

ganglion (CG) neurons

Sources

Relative neurite outgrowth*

Conditioned Medium :
Chick embryo heart
Chick embryo skeletal muscle
Chick embryo iris muscle
Chick embryo gizzard
Chick embryo brain
Chick embryo liver

Tissue extract :
Chick embryo whole tissue
Chicken heart
Chicken skeletal muscle
Chicken gizzard
Chicken brain
Chicken liver

= + F =

_wk

*k

k%

The experiment was repeated four times with the same results. )
* @ Activity for neurite outgrowth was assayed by determing a percentage of neurons with
neurites to the total surviving neurons after 16 hr in the culture: —, 0%; +, 20% Do,

40% ; 4, 60% ; #t, more than 809%.

** . Fine precipitates were formed and covered all the culture dish substratum.
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Fig. 2. Effects of embryonal ages on neurite
outgfowth of CG neurons (A) and on the amounts
of neurite outgrowth factor (NOF) in the gizzard
extracts (B). (A) CG neurons were prepared
from chick embryos from 6-to 15-day old. 300 gl
of CG neurons suspension from each age was

added to each culture well (& 16 mm) that
previously received 300 ul of gizzard tissue
extract (2 mg protein/ml) suspended in PBS(—).
(B) Several to 100 gizzards were collected from
either chick embryos or chicken of each age, and
homogenized with 5 volumes PBS(—). 300 gl of
gizzard extract (0.4 mg protein/ml) from each
age and of CG neurons suspension from 8 day
embryos were added to each culture well. In
both experiments, CG neurons were cultured for
16 hr and then the ratio of the neurons with
neurite outgrowth to the total surviving neurons
was determined. Each point is the mean of
duplicate numbers obtained from separate ex-
periments. Variation from the mean was less
than 6%.

i

mot: (M1, D). ThoMABEERESED L,
Za—OvORIFLEFRLELVEEERSEEL

(@1, E). 354, Adler 513, REKHHKICHED
SRR (survival factor, AT SF LBE) »3F
HETHIERRELTVEY, 22T, ZOSF#£1.5
MAEEHEEELZEIR, —2a—0YORFLER
FEFARREERLRRD SN, M, Bo S K
Wik, 7<% < &b NOF & SF D 2 EDRERF
BETRrEZONR, R2IZ, Zhs 2BORTFE
EREkh D SF DFEMEE 2 L 12,

3. NOF OE# & #isrHai

F2WRT L5, NOF 3 IERSBAA & L
THWERIANL=F P IZBEEL.

NOF 4 FH#EHICRET LI L TD A, FOIER
NREINZLDOBEI RN EZS, BES
UREE NOF Olif 2 & LigRM L, WE NOF O
AESDEEMTIE, CC = a—0o >0 EKIE
CIRECERNPTD N r- 2 (K4), &7z, B
L7 NOF itk 2 CG = 2—u v ORIHEREIEH
BIKENRIETHE Z L bR, 5T,
NOF ¥EH i3, HEZ IR L7z NOF 2 & 2 #iiRgein (s
BEBWC LV EENTRTHS LEL SN,

Wiz, o3 HHE LD, NOF Offsm R4
jz. BHD > B OFRE 5T E % B (56°C, 30 73R
L, #0_iFic, DEAE-cellulose, DEAE Sepharose
CL-6B (B15), ¥ U Sepharose CL-6B (K6, A)
BEHWIHT LAY NI T T 4~ 270, ZOF
HEROFERE2RI W LD,

B#AER O NOF 513 #7 2000 fE D &M% R L,
148 ug protein/ml TEIH LSRR BRERICHEFE S 1
7o, ZOEG % SDS-PAGE (3 ~15%) Tl iz k
2%, BADEHN Y FOEDS ni:.

727, NOFEMx b OBERESTFOREEDE
L, “LABTR> N NOF #& (M6, A)%x, &
21z Concanavalin A Sepharose #7 7 &7 2% b 77
7 4 —8 £V, 2 EHO Sepharose CL-6B ¥ v 2@k
BELWTHELRZ(EE, B), ZORETE, NOF D
EUNEEAS 0.3% AT & D, o TR o7, L»L,
HS5avuw ST 74 —TOEHBHE-7 &
NOF Ef v — 7 il ZOERE—7%

SDS-PAGE T4+ 2 &, 2HRDEM/ Y F (MW,

QOKF L b ETOKS L) 8D (7).

#7-, DTT I & 2 BTIRETIE, 230 KIS b
YOEBENY FOMIZ, W OhDMED N Rl
mHa k.

4. o> HHERO NOF OHE




i}
2

Wo Sl (DEAE cellulose £4H) 122 2h 3
NOF OFEHE 2 #~:. WD > NOF &, Py
0% (100 g protein/ml, 37°C, 1RERY) 80°C, 5
SHDBALETRIE L, pH15 % pH12(37°C, 2 BHE)
TRITRKETH 7. pH4.8~10.6 Tix, NOF yEH 13
HBHRETH Y, 56°COBUIE (30 98) TEEL
vl DFRE, FUBEETE0KIN R D
Er#EEINL (®6), 5—20%H 8% 5 4k ik

(SW27T u—%—, 2.5X10'pm, 168 Tk 12 S
DRI R R L7, %72, NOF &, heparinase (50
U/ml), neuramidase (5 U/ml), B-galactosidase

(0.3U/ml) ¥ & U hyaluronidase (100 U/ml) % ¥
DEFLE (37°C, 24 1M, PBS(—) ) ik n4<
&KiE L 27228, Concanavalin A Sepharose 12 &
& (#2) L, a-methyl mannoside TH L 7.

D 5 NOF »3ho g L 7= i@ MR iz fEF 3 2
B 2PNz L 25, TRHEDHE MBS b
BE, HEREEVEBI LA, o, DiROMEE
PEED S ORI L ERL, RREMBEEDER
R PYAR

5. NOF &Mz K T HmE oM/ m

D 5 NOF O #48UE R (DEAE cellulose o
) (2T B HME % 4 F THERL, CG=a—ny

25 +
0.14 M NeCl

(sample) [)

O0.D. at 280 nm

\

0.25 M NaCl

2.0 | l l

R = 2~ 00 5 Vo) < MR R T 103

DEEMEL & CEEERCRIZTHRLA~, 7
MFEOHEME & & iz, NOF SIS S s, &£
FEECREYETH- 72 (K8 1 K9, A, B), %
2, PUEE & D FEE L J: 1gG 43ER, Sepharose CL-
6B REEFIR & Ll AV ERTY, 1213k
B L RS IEIRSEL D S, Bz, g
ED=a—orAASEEIR TRV L ERTR
Hiz, B8 T, 300 nl/well DHLIMIEH 3 \> i3 s
BTAELEECC = a—u vy, 5535 16 [RIE K
MU Ty (0.02%, 37°C, 54D Wk b EU
Uiz, ThpDEN= 2 —a > BT, NOF s
HAERTFHR 2O THANSE L 23, FolicHk
L72CG=a—nr el AUREEETR L.
W, =7 ) RT-omEOBRDEBE KD
NOF it RiZ T IEER 2R L,
EAEMEZRD NOF 124 3 BAZHRHBERIEE 50%
EET2MmER& L7 (E4), FmEE, =7
b EHEBERDO NOF e LT, WD > NOF &
RCESwEOMBERZRLY, FoBED
NOF %43 2 BHEME R 1Z, 100—1000 T2 » - 72,
6. FREMEMBIC X 2 HREEOMHE LM &
2 HEER
=7 F U DRG ® SCIfE#/I e LTHET 2

1.5 M NacCl

!

a
0.0 L.___‘.,...J'—I_M—A
7

Fraction Number ( 18 ml/tube )

Fig. 3. DEAE cellulose column chromatography of ammonium sulfate
fraction of gizzard extract. Sixty ml of ammonium sulfate fraction (15 mg
protein/ml) of gizzard extract was dialyzed against 20 mM Tris-HCl (pH7.

*  4) containing 0.14 M NaCl and applied on a DEAE cellulose column (2 4
cm X 32 cm). Proteins were eluted with stepwise increase of 0.14, 0.25 and
1.5 M NaCl in 20 mM Tris-HCI buffer. These fractions underlined with a,
b and ¢ were collected and dialyzed against PBS(—). The NOF activity in
each fraction was assyed using the culture system of CG neurons.
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Table 2. Comparison of neurite outgrowth factor (NOF) and survival factors (SF)

NOF from

Properties and treatment gizzard*

Effect on CG neurons ]
promotion

>680x103
activity lost

M. W. (daltons)
Trypsine (100.g/ml, at 37°C for
1 hr)

stable
bound

Heart (at 56°C for 30 min)
Affinity to concanavalin-A
sepharose

Attachment to polyornithine-coated  bound
culture dish

Elution from DEAE-cellulose column 0.42 NaCl
in 20mM Tris-HCI at pH 7.4

Neurite outgrowth

SF from SF from

gizzard** eye ball**
Ensuring neuronal Ensuring neuronal
survival survival

30x 103 35—-40x10%

activity lost activity lost

labile labile

unbound unbound

unbound unbound

0.14 NaCl <0.25 NaCl

* . A fraction eluted with 1.5 M NaCl from a DEAE cellulose column was dialyzed against PBS

(—) before using as gizzard NOF samples.

» . A flow through fraction of a DEAE-cellulose column was dialyzed against PBS (—)

using as gizzard SF samples.

before

*** . Crude eye extract suspended in distilled water was dialyzed against PBS (—) before using as

eye ball SF samples.

Table 3. Summary of partial purification of NOF from chicken gizzard

Half maximal

Purification step neurite outgrowth* Re§ overy Purification
(ug protein/ml) (%) fold
Tissue extract 74 100 1
Ammonium sulfate 18.50 80 4
Heart treatment 5.09 60 15
DEAE cellulose 0.60 25 123
DEAE Sepharose CL-6B 0.139 11 523
Separose CL-6B 0.037 3 2000

* .

: Protein amounts which induce 45% CG neurons to extend neurites were determined,
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Fig. 4. Dependence of neurite outgrowth from CG
neurons on the amounts of gizzard NOF bound to
polyornithine-coated wells (¢ 6 mm). Samples
of 40 u! of gizzard NOF (DEAE cellulose fraction
of gizzard extract) were serially diluted with
PBS(—) and then added to two groups of POR
wells (group A, O ; group B, ®). The third
group of wells (A) received the same volume of
PBS(—). After 24 hr of incubation at 37°C, the
gizzard NOF samples of group A wells were
transferred to group C wells from which the
initial PBS(—) had been removed, and group A
wells received 36 ul of fresh PBS(—). The
contents of group B wells were not changed.
Three groups of wells were incubated for another
24 hr. Then, 40 ul of CG neurons in culture
medium and 4 ul of eye extract were added to
each well and cultured in 10% CO, in air at 37°C.
Neurite outgrowth activity was scored after 16 hr
of incubation. Each value is the mean of five
different experiments with duplicate samples.
Vertical bars show S. D.
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Fig.5. Pattern of DEAE Sepharose CL-6B column
chromatography. Heat treatment fraction of
gizzard extract which was eluted with 1.5 M
NaCl from a DEAE cellulose column and dialyz-
ed against 20 mM Tris-HCl containing 0.25 M
NaCl. The samples (1 mg protein/ml, 50 ml)
was applied onto a DEAE Sepharose CL-6B
column (& 1.7 cmx21 cm), and proteins were
eluted from the column with a linear gradient
from 0.25 to 1 M NaCl. Serially diluted samples
of each fraction were applied to the culture
system of CG neurons, and the NOF activity in
each fraction was examined. The NOF activity
of each fraction that was diluted to 300 fold with
PBS(—) was depicted as (O) in the figure.
Fractions (fraction numbers 65-95) were collected
as a DEAE Sepharose CL-6B fraction to apply on
the next step.
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Fig. 6. Patterns of Sepharose CL:6B column chromatography (A) and a re-
chromatography of the NOF active fraction from a Sepharose CL-6B
column chromatography (B). (A) NOF rich fraction of DEAE Sepharose
CL-6B column chromatography were concentrated to 3—5 mg protein/ml
by ultrafiltration through amicon XM 300 membrane. A half ml of the
concentrate was applied on a Sepharose CL-6B column (& 1 cm X 60 cm),
and proteins were eluted with 20 mM Tris-HCl containing 0.42 M NaCl.
(B) Samples of Sepharose CL-6B column chromatography (fraction
numbers 38-44) were challenged to Concanavalin A Sepharose (& 1 cm X2
cm) affinity column chromatography with a flow rate of 4 ml/hr/cm?.
Proteins were eluted with 1M a-methyl mannoside and then concentrated
through ultrafiltration. A half ml of the concentrate was subjected to the
second Sepharose CL-6B column chromatography. NOF activity of each
fraction in both column chromatographies was assayed as described in the
legend of Fig.5. .
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Fig.7. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis. NOF active fractions eluted
with re-chromatography of Sepharose CL-6B
(fraction numbers 38-44) were dialyzed against
0.1 mM Tris-HCl (pH7.4) and lyophilized. The
dried protein (300 g protein) was dissolved with
1 ml of 42 mM Tris-HCI (pH6.8) containing 2%
SDS, 15% glycerol and 0.0016% bromophenol
blue and applied to sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE).
3—15% linear gradient acrylamide gel was used.
Proteins on SDS-PAGE was stained with
Coomassie blue. Some samples were run with-
out reduction of disulfide bonds (NR). In reduc-
ing condition (R), the samples were treated with
80 mM dithiothreitol and heated in a boiling
water bath for 3 min before application on SDS-
PAGE. Numbers on the right represent mole-
cular weight. The following proteins were used
for standard of molecular weight : mouse lami-
nin (850 kd), a larger subunit of laminin (440 kd),
myosin (200 kd), #-galactosidase (116 kd), bovine
serum albumin (66 kd) and ovalbumin (45 kd).
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Fig. 8. Effect of antiserum concentration on the
survival and neurite outgrowth of CG neurons.
Polyornithine-coated wells (POR wells) were first
exposed to 40 xl of gizzard NOF (DEAE cellulose
fraction, 60 ug protein/ml) and washed. Then,
the wells (NOF-bound POR wells) received 40 xl
of antiserum serially diluted with PBS(—). Each
well was incubated for 12 hr at 37°C. After
antisera were washed out, 40 x4l of CG neurons
were suspended in the culture medium and 36 gl
of PBS(—) and 4 ul of eye extract were added to
each well. CG neurons were cultured for 24 hr,
and the number of surviving CG neurons (©) and
neurons with neurite outgrowth (®) were
determined. Points marked with an asterisk
signify values of both survival rate and neurite
outgrowth rate of CG neurons cultured on POR
wells that were not preincubated with gizzard
NOF. [ and B , survival rate of the CG
neurons cultured in the presence and absence of
eye extract, respectively ; & and A |, rate of the
CG neurons possessing neurite outgrowth which
were cultured with and without eye extract,
respectively. Each value is the mean of three
different experiments with duplicate samples.
Vertical bars show S.D.
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Fig.9. Phase contrast microphotographs

of CG neurons (A, B), arid neuronal explants from

retina (C, D) and dorsal root ganglia (E, F) cultured in the absence or presence of the
antiserum. Ciliary ganglion (CG), retina (RE) and dorsal root ganglia (DRG) were
dissected from chick embryos of 8-, 8 and 9-day, respectively. CG neurons were
separated and cultured for 16 hr on NOF-bound POR-wells which were exposed to either
preimmune serum (A) or antiserum (B). RE and DRG were cut into pieces less than 1 mm
square with scissors. Two groups of explants from each tissue were cultured on POR
wells (& 16 mm) with 600 1 of the culture medium with gizzard NOF (DEAE cellulose
fraction, 30 g protein/ml) for RE (C, D) and without gizzard NOF for DRG (E, F). Atthe

beginning of incubation, one of each group rec
other 3 ul of antiserum (D, F). Each group o

eived 3 1 of preimmune serum (C,E) or the
f explants was further cultured up to 48 hr.

CG neurons (A and B) and explants (C,D, E and F) were photographed on a phase contrast
microscope at 16 and 48 hr, respectively. Scale, 40 gm.
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Table 4. Comparison of amounts of antiserum that cause 50% inhibition of the neurite outgrowth
of CG neurons maximally induced by NOFs from various sources

Factor source

Amounts of serum to exert  Relative susceptivity of
509% inhibition (ul/well) i

antiserum-inhibition

Chicken gizzard extract:
Chick embryo:

Gizzard CM

Heart CM

Skeletal muscle CM

Brain CM

Retina CM

CG derived glia CM
Newborn mouse :

Heart CM

Skeletal muscle CM

Brain CM
Newborn rat :

Heart CM

Skeletal muscle CM

Brain CM
Clonal cells :

Glioma (Rat, C6) CM

Neuroblastoma(Mouse, N18TG-2) CM

Their hybrydoma (NG108-15) CM

0.044 1.0
0.120 2.7
0.140 3.2
0.150 34
0.400 9.1
0.130 3.0
0.180 4.1
70 1,590
32 727
55 1,250
150 3,409
65 1,477
75 1,705
85 1,932
45 1,023
43 977

CM : conditioned medium

The amount of antiserum required for 509 inhibition was determined from inhibition curves as shown
in Fig. 8. Fach value is the mean of 3 different experiments.
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Abstract

Chicken gizzard extract contains a macromolecule that promotes the neurite outgrowth of
dissociated neurons from the ciliary ganglia (CG) of chick embryos. The factor (neurite out-
growth factor, NOF) in gizzard extract was partially purified to 2000 fold by a combination
of 0-35% ammonium sulfate fractionation, heat treatment (56°C, 30 min), DEAE cellulose and
DEAE Sepharose CL-6B column chromatography, and finally Sepharose CL-6B gel filtration
column chromatography. The recovery of NOF activity during these purification steps was
about 3%. Only 148 ng protein/ml of the final step fraction was enough to exert the maximal
neuritic response of the cultured CG neurons obtained from 8-day old chick embryos. The NOF

was an acidic glycoprotein or proteoglycan whose molecular weight in the native state was
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estimated to be more than 680 k-daltons. The neurite outgrowth of CG neurons by gizzard NOF
strictly depends on the embryonal age. The maximal neurite outgrowth was observed when CG
neurons were dissociated from the embryo younger than 10 days. After that time the response
of CG neurons to the NOF rapidly declined and was almost lost at day 14. When the rabbit
antiserum prepared against DEAE cellulose fraction of gizzard NOF was introduced to the
culture system of CG neurons, the neuritic response induced by NOF was completely blocked in a
dose-dependent manner. The antiserum caused neither cell death nor irreversible damage to CG
neurons. Although the activities of NOFs separated from various chick embryo tissues were
suppressed by almost the same and small amount of antiserum, a large dose of antiserum (about
100-1000 fold more than the above) was required to inhibit the activities of NOFs obtained
from murine sources. The gizzard NOF could promote neurite outgrowth of cultured neurons
not only from the sympathetic and dorsal root ganglia but also from the retina and spical cord.
The antiserum against gizzard NOF inhibited the neuritic responses of all these neurons. The
present data suggest that NOF is absolutely required for neurite outgrowth from the neurons
which are developing and regenerating in both central and peripheral nervous systems, and that
there exists species difference in NOFs at least between the chick and the murine.



