Growth Promoting Effect of Head Activator in
Chick Embryo Brain Cells
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Head activator (HA) @ FHRHERMIRIC T 2 BUREHEZIR 2 ME T 2 7200 =7 + ) FERGHERE %
F\» T precursor uptake, cyclic nucleotides ®%{t, y-aminobutyric acid (GABA)EE, GABA &
#5% in vitro, in vivo TRE L 7z, ##E= 7 b ) ERGERC 8 v T HA X 100°M T (H)thymidine,
(H)uridine ¥ & U (*H)leucine DEL Y A& %{BH# L, T & (*H)thymidine DE Y A& ik HA ¥R 4
SRS & D BN L T 8 BERACERINRED 200% 1238 L 2 O{EESRI UM E THREL L. ChicH L HA©
SRk T7F s THS (Arg', Phe®)-head activator (AHA) i3 10* M T (®*H)thymidine DBV A A 2 H
hi% 6 BERT & D MEI L 14 BER & CRESE L 7. [ABEOMIENIE CH)uridine 38 £ UF (*H)leucine DD A3
wHERD &Nz, # 72 adenosine 3',5-monophosphate (cAMP) i3 HA @0 4 B & b #IL i U,
6 R THTE O 1709%15E L 72h8, AHA BIICIBECEFICET L, Wwic=7 U Bkl A vz
in vivo DEEBRIZE VT, 107°M @ HA 2845 BvwL 7 BIZII&BEHFICEAL 12 BEWCHERL 72
Bz BV T (*H)thymidine OB D A & X EELD 150% L iz #nL, cAMP 8 X Uf guanosine 3’5
monophosphate (cGMP) & & & SHBEED 200% 2L L, 120% LA EicighnL 7z, £7:100° M HA 2BR&E T
FOREEIEAL 12 BB Zc B0 T, 2O¥F 7 YV — ASEI B} 5 GABA #EEEIE
BED 200% LA i s8inL, & 512 GABA SRV IEIMERMNED Stz BlbX D, HA WK 10 M TEE
=7 b IR DNA, RNA BXUBEBASHREREL, in vivo KBWTHUEFOVICERL T
DNA & %{E# L, 8512 GABA =2 — o v OB LIS T 2 TR E 2 iz, 72, cAMP 28

in vitro 8 & W in vivo KB CHHEMOREHER T L UTER T 2 ATREESRBR S iz,

Key words head activator, (Arg!, Phe®)-head activator, precursor uptake,
cyclic nucleotides, y-aminobutyric acid

Head activator (HA) i 1973 4 Schaller »"iz &
DERIhe DX DFE 1,124, pGlu-Pro-
Pro-Gly-Gly-Ser-Lys-Val-lleu-Leu-Phe 7 3/ BRHL
FEHTLIRYVRSIART, FOBAVFVF v o
PIv b, F, THESIRE POBEKTHRBEIC
QESEELTWA Z e Monicahs, 2798 512
RMCTIE £ b IS 20~100 fmol/ml O EE T
ELTLBZepfEsni, EFIIEBL TR
SRERFEE % (2 L RVE M 2 M ic MEB B ¥ 2
ERM@DH 572V b D0, WLEY T in vitro T
7y MER 5D T 27— ErE{EET 2 ERLR

HEIRNTWBEITHD, HA OEBRMRE, B
HEHERC B BERIEE{EREATHERYL, 22
TEH, PRERERIINT 2 HA OEBERER 2T
2y dkic =7 Y AL & ALY in vitro B LU
in vivo DF&ICBWVT DNA « RNA - BEHAR, cyclic
nucleotides D ERFE (L, -7 3/ 7 F VB y-
aminobutyric acid (GABA) &8 LU GABA &
BEADEEERFTLI,

HEs L UFE
1. in vitro " EB%

Abbreviations: AHA, (Arg', Phe®)-head activator ; cAMP, adenosine 3',5’-monophospate ;
¢GMP, guanosine 3',5-monophosphate ; FCS, fetal calf serum ; GABA, y-aminobutyric acid ;
HA, head activator ;: MEM, modified Eagles medium ; PBS, phosphate buffer saline
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1. ¥B%=-7 ) Biao R

BERB=7 MBI VMERDHL, EXy b &
BV TR 2 M5 U T, MRS EERE 5 10967 >
Ba R I ¥ (Fetal Calf Serum, FCS)(Gibco
Laboratories, Grand Island, NY) % &% Modified
Eagles Medium (MEM) (HAK®%) 2ml 2 5 X10°
BT R E#E L, 35mm ££0 Falcon plastic culture
dish (Falcon Plastics, Los Angels, CA) = T %
Bkl #EIZITC, 95% air—5% CO, TTH
Trpvy, HEHNTIEEE 3 HE WL T, fhomERF
DFE%B/INBIZT 5 700 4 B BRI
RERHRL, &6 16 BERER FCS 2 &tz
THRULUTHAD D VWRZOERT T2 7 (Arg!,
Phe®)-HA (AHA) (LEERZ4EWEREFRIEREE
+, EAEMETL VS 2HRMLTE2OERE
Beat L7, 2, MBROEFERIZ 0.2% b VX T —
ERWTRE LY, BB EOEERERL
7z,

2. [(*H)thymidine,
leucine DEL D AAHDRIE

Bz 1002 -10°M HA 20w 1072 —-10°*M
AHA 2% TEFEIC (Methyl 1-*H)thymidine
(2.0 Ci/mmol, New England nuclear Corp. Boston,
MA), (5-*H)uridine (30 Ci/mmol, Amersham/
Seale Corp. Arlington Heights, IL) # %> DL-(4,
5-%H)leucine (32 Ci/mmol, Amersham/Seale Corp.
Arlington Heights, IL) 2B EBEN 1mlH72 Y
0.25 522 0.5Ci &3 & S WEHML 2, 1R
B EHhCEBEMAREXS ) VRBER
(Phosphate buffer saline, PBS) 3ml T 3 BEl¥## L
TEEML Y 1ml © PBS hiciifiz@EEs ¥, BF
B THBRELY B I Kod, 205 B 200 ulid
Lowry B L2 BHEEBCHERL, BV ik 2.4cm
Whatman GF/CHZ A7 4 ¥ — (R7¥A4 X 1.2
u) (Whatman Paper Ltd. Maidstone, England) TR
W@, 74y —kBiA 4 vK5ml T3 E%ER
®, yvFr—¥— (brx>IL, POPOP 50mg,
DPO 4g) 5ml 202 BEHEME#% liquid scintilation
spectrophotometer (Beckman Instruments, Palo
Alto, CA) W THIEL 7. WMVAAIER cpm/mg.
protein TEIRL 1z,

3. # K N adenosine 3’,5’-monophosphate
(cAMP) , guanosine 3',5’-monophosphate (cGMP)
DEH

10-° M @ HA 285 % W EEINTHEEL, 4,
63 & U SEME BT B MM cAMP BE DO EL
PHRAELE. S5 EBRRKMEK 100°MO HA B

(®*H)uridine 8 & U (*H)

B3 100°M © AHA BRI & 2 MR M cAMP 8
XU cGMPEBEORELERET L7z, M 0.02%x
FL Y7 s o HEEE (EDTA) &0 0.1%+Y 7
oy TR X, k¥ PBS 12 C 3 BIFEEEE, 1ml oxk
HPBSHICHIz EE S v BEHEELB I k-
72, FD D B 200 ul % Lowry B & 2 BAEEICH
Vv, BDIXCAMP 20 id cGMP v b (veiig
#H) 12T cAMP %\ id cGMP ORIBICH W,

II. in vivo NDEEFR

1. =7 b Y EiHERE O %

LICRT LI M D HA H 5 W id4AHY
amk (ER) #HE4E3, 5, 7, IHO=Y YK
PR BERIZEAL, 37°C OBIBFCMEL (E2HK
410, 12, 14 BREEEFRL, ZHENRICDWT(3H)
thymidine uptake & incorporation ##&&F L7, %
72, 100 MO HA H50WidAERERETHO=7 b
Y IR ER AL, 3TCORIMBTTHEL T
#2RaE 12 BICHREL 2 ic 2T PCHIGABA &
B GABABE 2RI L. E512100°M0

Experimental pratocol

1. 'H thymidine uptake and incorporation

10°""M head activalor
injected in yalk sack

T B

L : - \ !
} t +—t t t
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) | i
Brain isolated
10°cell/tube incubated
at 2,4, 6, 8 and 10 hrs
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{
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2. *H-GABA binding and GABA content

10-°M head activator
injected in yolk sack

i

Geslational age T t t t

: L y
t t t

5 7 g 10 12 14 days

i

Brain isolated

B
Synaptosome aquired GABA content
by Dood's procedure (Graham's method)

i
*H-GABA binding

3. ¢cAMP and cGMp content

107""M head activator
injected in yolk sack

i

Gestational age + t 1 +—t + T
5 7 g 10 12 W days

ool

]
cAMP or ¢cGMP content

Fig.1. Experimental protocol.
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HA B2ULREARRBRETHO=7 bV EIIEE DI
EAL, 37°C ORI T|E L TR L a4 10, 12,
14 FICHEE L 2B 2w T cAMP O RAL £ RET L
f g RBRAETHO=V MY RIIEEDPIC HA H 50
HEAFEAL, BAE 12 BICERELL 2T cGMP
yRRET L2,

9 . (3H)thymidine uptake & incorporation D]
E

WEEICERIR L 2R By T 4 7 & 0 Rk
HH4 L, EEMF MEM 8512 1ml 7 2 X10° #ifg &
n3 & DI EE & ¥ T0.5ml ¥ D polypropylene
Falcon tube (12X75mm) (Falcon Plastics, Los
Angels, CA) w25rEL 7z, 37°C, 95% air-5% CO, T
THER{TO, 2, 4, 6, 8, L0BMEEBICELX (*H)
thymidine % #5#2 1ml 22 & 1.0 xCi WL T 1R
P L 7, 2 OBELIZD = 3ml O MEM
i EZ, 4°C, 1000 g T 5 M ELR L L TLEE
BHRELE, SOCHEROBEE2ED i&bf’
Bono MR 0%~ Y 7 oL EEEE (TCA)
ml & 1.2%4 & 7 v 7 2 >~ (Sigma Chemical
Company, St.Lounis, MO) 0.1ml #/0%, 4°C T—
HEEGROL T EERBOENSE (uptake) & L
7o, E7z, WEEE 5% TCA 3ml T2 EI¥ERE, 1IN
NaOH 0.5 ml 2y L ¢l T35S 8 (incorporation
) EL7z, W5TEICEZ10ml @ Aqueous counting
scintillant (ACS II,
Arlington heights, IL) %02, liquid scintillation

Amersham/Seale Corp.

spectrophotometer (Beckman Instruments, Palo
Alto, CA) o THEHEM ZME L 72, Uptake 8L U
incorporation 1% cpm/10° cell TRHELL 7z,

3. [(H)GABA fSHBEOEIE

AR U 72 B % KB+ T & /B + Rl 2 2 L
FERIZOE Y a FEEE LB £IEAE L 72 Dodd & ORE
EONZED Yy F TN —LAREEERE, ZOYF T
Y -—Aﬁﬁ’?ﬁ&lm 10mg/ml %2 & 5 IZFHEL,
Z00.1mliz50mM b Y R« 2 T R AW
(pH7.1) 0.7ml £/NZ, #HKBEH250M 1245 &
JWZFEL 72 y- (2,3-H) aminobutyric  acid ((*H)
GABA, Iti& % 34.7Ci/mmol, New England
Nuclear, Boston, MA) 0.1ml, x4 A4 >k 0.1ml %
MAFF 1ml & LT, 45 sHkokp ORI & ¥ 72, RIG
BHE D2 2.4cm Whatman GF/C#H 7 A 7 4 b
F— (T HARX1.2u) TRINERBL, 74 L5 —%
Bed >k 5ml T 3 kg, ¥ > FLr—5— (b
x> IL, POPOP 50mg, DPO 4g) 5ml%iMx
Beckman liquid scintillation spectrophotometer (2

THENEEZHE L, Cheliase L, LIk

A4 v RDRHDIZ4-7 2/ n-BEE (GABA, FtH
) (BRBE 1mM) 0.1ml £I0Z 72 % O £ IERER
BHEL, BEAEL Y 2B L EL RN
Hrli,

4. GABA BEDHIE

BEL 20 5 B KE+ IRz D v Tk 75%
7 =N CHHBERGEZRC LV BoEICEEND
GABA B %, Graham 5 DEEZRMNIMERIEEYTHl
EL T2,

5. BHIEEMN cAMP 8 & UF cGMP #BE D HIZE

BRER L 7o B % SR BN+ Y B8 & /NI KRR T 2 43
L, 0.1NERRICTEBHMEE, S22 Tr<y
cAMP 8 L U ¢cGMP *v b % B\ THIFEKN cAMP,
cGMP BE 2 HIE L.

6. RIS LU THSEIC X 2 EROK

=T

100°M HAH2WEERZRETB=7 ~ Y ER
FEFITEA L, A 12 BICRERCHER L 2 e 2
W, EIME MEM B CE Ry 7 4 > 7 THEHE
MEDEL, 37°C, 5% air-5% CO, T T 2 Kyt
#, (PH)thymidine # 2 xCi#%5 L T 1 FFHEIBEEL
7z. # D%, Nagata 5D 7 4 23— % B\ 72 bulk
separation'®iZ & ) MM & 7 ) Tl R SEEL,
/222w T (*H)thymidine OREHEM % Beckman
liquid scintillation spectrophotometer (2 CHIE L,
cpm/tube TEb L 7.

II. #EEtEaRst

HEEREIZIE student’s t-test AWz,

§51 #

. in vitro DEBRH

1. (*H)thymidine DEXDAAHIZIHT 2 HA H 5
Wit AHA DBEO®

B2 2 1255 8 BRI T (3H)thymidine D EL D 1A #
WXt s A 1072 ~10°M @D HA & % \»id 10712~10-8
M D AHA OF# %7 L7z, (*H)thymidine OELY 1A
Aix 1070 M O HA GRINTHEED 2.5740.07X10° 12
L, 4.14+0.23%10° cpm/mg.protein & £ K12 &
L, 100°M THMBICHLLERBCE» >z, Jhicn
LAHAHMTIX 1025 10*M THEED 2.98+
0.18 X103z kb L, 2.05+0.21X10° cpm/mg.protein
EREERR LU, fEo TUATOREIZ 100 M @ HA

10°M D AHA OFEINc L > TIFH 2 & & Lk,

2. 10°MHA 20k 10°MAHA FIlc & %
{(*H)thymidine, (*H)uridine ¥ &' (*H)leucine @
Y D A B DRERHIZEAL

(*H)thymidine DB D AAHWRF 5 107 M HA
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BLULW*M AHAOEE R 3 wRLE., (CH)
thymidine @B VA & 13 HA MANIC & b 5% 4 B¥
oL, SEFHETHEE® 200% L Lzl Tk
Rexok, ZOMBHMRIZOBKICIEILT
Wi, 10~12 B CERICHENL Twiz, Zh
XL C AHA STl 5% 6 B & 0 (*H)thymi-
dine DE D AABET LIZ U, Lk SRRHET L
FETHoTz, 51T, 107° M HA ORIEEIR I 10-°
M AHA QM & - THEL2cBEES N,

(*H}uridine OV A% %[ 4 (2R L 72, HA B
iz & 0 (CH)uridine O D A A 13553 6 B & D @0
LU, D% 4 BEIENED 150% L E2#EREL,
R 10 B L DIRZ BT L. —F, AHA HIIT
IR R L DET LiX Uo, DIk 10 BRI R
HUERCEERZRL:.

5113 (CH)leucine DB D AAIR T 5 1070 M
HA® X U10°M AHAOZR %R L 7. (GH)
leucine DIV AHIZT 2 HA ORIBEIR 1o X
ZvAy RIFEEEETY L, 558 10~12 R TXE D
115~120% D% RTRBETH D, #ic AHA T
Tix 80~NUDETE2RIBETH > 72,

*H-T

3
xgo cpm/mg-proteln

0 T T .0 9 8
0 10 10 10 10 10 M

Fig.2. Response of (*H)thymidine (*H-T) to
graded doses of HA (®—®) or AHA (0—0).
After 5 days of culture, brain cells were treated
with various concentrations of HA or AHA, as
indicated. (*H)thymidine was added at a final
concentration of 0.254Ci/ml 8h after HA or
AHA addition, and the rate of (*H)}thymidine
uptake was measured. Each point represents
mean=xSD of 6 cultures. * p<0.05, *p<0.001
vs control.

3.10"M HABLUI10°M AHA DBk
cAMP, cGMP EE = RIZT &

10-*M HA FI & 32 cAMP DR Z L L3
6-A TR L7, HABRINZ & D cAMP I3 553 4 BSfg &
DEFLIZC®, 6FREITIINIED 170%L0E & Bk
WELSHMTLVERICHMELXEL T\, M6Bi
BHA D2 WIZAHABRMIC X 22 HE 6 BMTo
cAMP 8 & U cGMP 0ZE{t %R L7, cAMP iZ HA
ITHEBD 120% i LR L 7225, AHARI T
WXTRE D 85261 A L 7z, THICH L T cGMP it
HA BINTHEED 65% 124 L, AHA HiNcago
130% i CERL .

II. in vivo DEEBH

1. 10**M HA @ (®H)thymidine uptake 3 & ¢
incorporation WK RIETEHE

107°M HA OIREBENLESIHHE =7 b Y SRR

x10:2:pm/mg-protein
30

20+

10 o *

0 T T T T T T T 1
2 4 6 8 10 12 14

preincubation time

hours

Fig.3. Time course of (*H)thymidine uptake in

cultured chick embryonal brain cells incubated
with head activator (HA) or analogue of HA
(AHA). After 5days of culture, cells were
incubated with 10% FCS (control, @ —e), 10%
FCS+HA 10-* M (0-—0), 10% FCS+AHA 10°®
M(A—A4A), or 10% FCS+HA 100 M+AHA 10-°
M(o—o)for various periods of time, and the rate
of [*HJthymidine uptake at a final concentration
of 0.5 xCi/ml was measured at the end of incuba-
tion, as described in Materials and Methods.
Each point represents mean®SD of 6 cultures.
* p<0.05, * * p<0.02, * p<0.001 vs control.




Head activator @ =7 » Y JERGHARE 1C K i3 TR B R ERIR 645

W H W & %5 (*Hlthymidine uptake 8 & U

incorporation OZELER 7, 8wmRL 7, BT

10-°M HA 243, 5, 7, 9H=7URIE

grizEAL, BRELR B CERL B>V TO

,(103qamlmg-Dmtein
5
4

3+

24

6 8 10 16
preincubation time hours
Fig.4. Time course of (*HJuridine uptake in
cultured chick embryonal brain cells incubated
with HA or AHA. After bdays of culture, cells
were incubated with 10% FCS (control,@—@),
10% FCS+HA 10-'*M (0—0), or 10% FCS+
AHA 10-*M (A—A), and the rate of (*H)uridine
uptake at a final concentration of 0.5 £Ci/ml was
measured. Each point represents mean=+SD of 6
cultures. * p<0.05, * x p<0.02, x *» *x p<0.01,
* p<0.001 vs control.

x10=cpmlmg~pmcln

3_
2._
e
@
-
1 F-5
0 1 T T T T )
4 6 8 10 12 14 16
preincubation time bours

Fig.5. Time course of (*H)leucine uptake in
cultured chick embryonal brain cells incubated
with HA or AHA. After 5days of culture, cells
were incubated with 10% FCS (control,®—@e),
10%FCS+HA 10-* M (0—0), 10% FCS +AHA
10°M (A—A), and the rate of (®*H)leucine
uptake at a final concentration of 0.5 xCi/ml was
measured. Fach point represents mean=+SD of 6
cultures. * p<0.05, * * p<0.02, * * * p<0.01,
* p<0.001 vs control.

(®*H)thymidine uptake & incorporation # ;KL T&
D, B8iz100°M HA #HRETB=7 F EIIHES
WWEAL, BRE10, 12, U BEERL KT BT 5
{(3H)thymidine uptake & incorporation #3%3, 10-'°

A cAMP
pmol/mg-protein
100
s -
50
[} T T T
4 6 8 hours
preincubation time
B.
cAMP <GMP
pmol/mg-protein pmol/mg-protein
100 |5
50+ 4
- . T = T -0
10%FCS 10%FCS " 10%FCS
+HA10 +AHA10
Fig.6A and B

A) Sequential chages in cAMP contents of
cultured chick embryonal brain cells induced by
HA. After 5days of culture, cells were incubat-
ed with 10% FCS (control, ®—e) or 10% FCS+
HA 10-'*M (0—0) for 4, 6 and 8h.

B) Cyclic AMP (o o) and cyclic GMP (m &) in
cultured chick embryo brain cells after the
stimulation of HA or AHA. After 5days of
culture, cells were incubated with 10% FCS, 10%
FCS+HA 10-'° M, or 10% FCS+ AHA 10-°* M for
6h. Each point represents meant SD of 6
cultures. * p<0.05, * * p<0.01, * p<0.001 vs
control.
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M HA %2044 5 B g hiE A LRAE 12 HICHIR
L7z, (*H)thymidine incorporation i&#% 2,

4, BEFRIT 1.81~1.94X 10° cpm/10° cell &£ FIH %
KERD 1.48~1.65%10° cpm/108 cell iZLLL BEIC &
i (p<0.05~p<0.001) 221, IO 107°M
HA %847 BIRE#PIcHEA LA 12 HIiCEER L
el T X DEEHT, BE2, 4, 6, 8, 0KMT
1.95~3.09X10% cpm/10% cell & A B & X 8
1.48~1.65X10° cpm/10° cell iC LU A B I B E (p
<0.01~p<0.001) TH-o7:. ZOIEFAIE 107 M HA
EHAE T AU BRI EA LA 14 HICERIL 7284
oW THREH s, (*H)thymidine incorpora-
tion IMETHEFANIZH D, 107°M HA %54 9 HIRE
FEPICEAURRE 12 B L 2R s »Tid (°H)

thymidine incorporation O 3 HIE F] 1 B & 7 4o
7z.

2. 107°M HA @ (*HIGABA B&#IZRIzTE

9-AWHETHINEHETIZI0M HAH 21

BERZEAL, BE R BCERLEMO Y+ 7
V—LADEIICHETS PHIGABA #&tEL R LY. X
B+RIND >+ 7 b v — 2 53E T 100° M HA 85
F£T21.1£2.9 fmol /mg.protein & D 10.2+
3.4 fmol/mg.protein IZFE L BEEICEE (p<0.01) %
BL, MBS+ 7N Y — L0E T L RO
REynfgoni.,

3. HA O GABA BE R TH%

9-BIZHAAE 7 HINE®EFIZ 100 M HA 203

Day 3 Day 5 Day7 Day9

cpm/0%ells
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Fig.7. Time course of [(*H)thymidine uptake or incorporation in chick embryonal
brain cells pretreated with HA (O—0)or normal saline (® —@). After 10-'° M HA
or normal saline was injected in yolk sack of 3, 5, 7 or 9 day old chick embryo, and
the rate of (*H)thymidine uptake or incorporation at a final concentration of 1.0
1Ci/ml was measured at the end of incubation, as described in Materials and
Methods. Each point represents mean®SD of 6 materials. * p<0.05, * * p<0.

01, * p<0.001 vs control.




Head activator @ =7 t U Mix#HIME I KiF 7 R E{EH#ERR

HEREEAL, A 12 FIZHIL 72 B8 KR+ fIfk
B35 GABAEBE AR L, 100°M HA 58T
15.1%2.5 pg/g.tissue & ¥ BB > 10.4+£3 .4 ug/g.
tissue I X ERTHEBEEREDRLLODHWER %
w7z,

4 . HA @ cyclic nucleotides 2 K12 g%

F10-ACRRETHINEESIZ100°M HA B3 0w
BEEEEAL, B4 12 BICEEU 720 AR + R
B & OVIN+ BEERIZ 350 B cAMP, cGMP 0%k %,
10-B R4 7T HENE #2100 M HA H 50w iE
o riEALURE 10, 12, 14 ICEIRL 72ico0n T
cAMP DZAERBIR L 72, Bad 12 HICERELL 2o
Fh + IR DV T cAMP i3 HA #5.8£4.36+0.17
pmol/mg.protein, £AREEHE1.92+0.11 pmol/mg.
protein ¥ HA # 5 ¥R EECHE (p<0.001) %22
L, cGMP & HA # 5 # 144.3%15.9 fmol/mg.
protein, A AH5HE 107.6+12.7 fmol/mg.protein &

Day 10

cpm/10°cel|s

x103

1.04 -

Acid soluble

Day 12

647

HA 580/ BRCHM p<0.0D) 22U, M+
Bz B O T L RIBEOBERHE S Nz, Rz cAMP 0
FERFEVZE(LTid, HARSET1.5740.13 > 4.96+
0.13 — 3.77%0.21 pmol/mg.protein, *#BIFESEE T
1.514+0.12 — 3.92+0.34 — 3.87%+0.39 pmol/mg.
protein &, FA4 12 HEREIC BLW T O A& HA 58
TEECHME (p<0.01) xEL .

5. MEEMEE LU ) THCBIT 5 HASR
D78

Bulk separation'®iZ & 2 MRS EE L 7Y
7 AR 52 B 1 5 (*H)thymidine uptake&
incorporation # [0 11 \Z5R L 7=, RSB 817
% (*H)thymidine uptake & incorporation i HA
5 B2.07+0.18X10° cpm/tube, 4 B # 5 B
1.30£0.25X10° cpm/tube ¥ HABSHIc B W TH
BIEE (p<0.02) 23 L7120, 70 7HEIE IS
73 (*H)thymidine uptake & incorporation I& HA

Day 14

Ay

¥

o

Precipitable
5
]

% I

-

0.5 _ B
| | e T T T T T T
o 2 d 8 é 10 o 2 4 8 10 0 2 4 é LA
hours
preincubation  time

Fig. 8.

Time course of (*HJ)thymidine uptake or incorporation in chick embryonal
brain cells pretreated with HA (O0—0) or normal saline (® —@).

After 10-**M

HA or normal saline was injected in yolk sack of 7 day old chick embryo, brains
were isolated from 10, 12 or 14 day old chick embryo, and the rate of (3H)
thymidine uptake or incorporation at a final concentration of 1.0 xCi/ml was

measured. Each point represents mean®SD of 6 materials.
02, * * x p<0.01, * p<0.001 vs control.

* p<0.05, % * p<{.



648 %

¥ 5 8£0.63+0.05X10° cpm/tube, £ B & 5 ¥
0.70£0.02X10° cpm/tube & TIEERIWCE X e o7z,

A.
3H-GABA binding
Cerebral Cerebellum
+mid brain +brain stem
fmol/mg-protein
25— .
20
15~ *
10
5-—
= f 0, AT 1 T 1
HA10 ™M’ Control HA10™"M’ Control
treatment treatment
B.
GABA content
pglg-tissue
15—
10—
5
= HaioPm 1
HA10™Mm' Control
treatment
Cerebral +mid brain
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A) (P*H)JGABA binding to synaptosome fraction
of cerebral plus mid brain or cerebellum plus
brain stem section. After 10~ M HA or normal
saline was injected in yolk sack of 7 day old chick
embryo, brains were isolated from 12day old
chick embryos, and the rate of (*HJGABA
binding to synaptosome fraction was measured.
Each point represents mean+SD of 4 materials.
* p<0.01 vs control.

B) GABA content in cerebral plus mid brain
sectioni. After 107'* M HA or normal saline was
injected in yolk sack of 7 day old chick embryo,
and the content of GABA was measured. Each
point represents mean+SD of 5 materials.
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A) Cyclic AMP ([]) and cyclic GMP ([]II}) in
cerebral plus mid brain or cerebellum plus brain
stem section of 12day old chick embryo brain
after 107 M HA or normal saline was injected in
yolk sack of 7 day old chick embryo. Each point
represents mea+SD of 6 materials. * p<0.0],
* p<0.001 vs control.
B) Developmental changes in cAMP contents in
cerebral plus mid brain section of 10, 12 or 14 day
old chick embryo brain after 10-* M HA (0—0)
or normal saline (®—®) was injected in yolk
sack of 7day old chick embryo. Each point
represents mean=SD of 5 materials. * p<0.0l
vs control.
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Fig. 11. (*H)thymidine uptake and incorporation of
nerve cell fraction or glia cell fraction prepared
from 12 day old chick embryo brain after 10~!° M
HA or normal saline injection to yolk sack of 7
day old chick embryo. Each point represents
mean=+SD of 3 materials. * p<0.02 vs control.
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Growth Promoting Effect of Head Activator in Chick Embryo Brain Cells Sohej
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Abstract

To investigate the regulatory role of head activator (HA) on brain cell growth, I measured
serial uptakes of (*H)thymidine, (*H)uridine and (®H)leucine, changes in cyclic nucleotides
content, y-aminobutyric acid (GABA) content and (*H)GABA binding in chick embryonal brain
cells. In cultured chick embryonal brain cells, HA stimulated all of these uptakes at a
concentration of 10-1° M, while 10-* M (Arg?, Phe®)-head activator (AHA), which is a synthetic
analogue of HA, suppressed them. The stimulatory effect of HA on (*H)thymidine uptake was
observed after 4 h of the treatment, reached a maximum of 200% of the initial value at 8 h and
declined to the pretreatment level at 14 h. In contrast, depression of (*H)thymidine uptake by
AHA was noted at 6 h and continued for 8 h. Prior to the initiation of HA stimulation, cyclic
AMP also began to rise, reaching 170% of the pretreatment level at 6 h. Conversely cAMP in
AHA-treated cells at 6 h was significantly lower than that in non-treated cells. In vivo, 10-1* M
significantly stimulated the rate of {*H)thymidine incorporation in 12 day old chick embryonal
brain cells after 10~ M HA injection to yolk sack of 7 day old chick embryo, reaching 150% of
the level of saline treated controls. Cyclic AMP was increased in HA-pretreated chick embryo
brain, followed by an increase in the rate of (*H)thymidine incorporation. HA also increased
(*H)GABA binding to the synaptosome fraction, reaching over 200% of the level of saline treated
controls, and the content of GABA was elevated. These results indicate that 10~ M HA
stimulates DN A, RNA and protein synthesis in the early stage of growing brain cells in vitro as
well as in vivo, in which cAMP may be involved as a regulator of nerve cell growth, and that 10~
M HA may promote a maturation of GABAergic neurons in vivo.




