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ABSTRACT

To investigate the changes during the differentiation of the cerebral neurons of chick
embryo of tne embryogenic day (ED) 7 and 8, the ultrastructural changes in the cerebral
neurons, the activity of dehydronases (LDH, MDH and SDH), protein expression profile
and adenosine triphosphate concentration were analyzed.

In ED 7 chick embryos, relatively large nucleus, centrally located nucleolus, evenly
spread chromatin over nucleoplasm, and prominent nuclear envelope were observed. Oval-
shaped mitochondria with well-developed cristae were present over entire cytoplasm. In
ED 8 chick embryos, evenly spread chromatin over nucleoplasm, and prominent nuclear
envelope were observed. In the cytoplasm, well-developed rough endoplasmic reticulum
and Golgi complex were observed. In ED 7 chick embryos and ED 8 chick embryos, 31
polypeptide bands and 34 polypeptide bands were observed, respectively. The activities of
dehydrogenases were lower in ED 7 chick embryos than in ED 8 chick embryos. LDH
activity was 8.16 (ED 7) and 9.28 (ED 8), MDH activity was 7.98 (ED 7) and 10.10 (ED
8), and SDH activity was 5.49 (ED 7) and 7.14 (ED 8) respectively. The ATP con-
centration remained unchanged over ED 7 and 8.
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last) ¢} sfH o} & (spongioblast) 2 W23t} (Berry
& Rogers, 1965).

AN EE A7t z2HE F3E e o] A
ANM ZHAZAE B|RE HZA7|RE] WEsl
Mz 27150 $FH] A2 F3te] HA &
o] Ec} (Berry & Rogers, 1965; Altman, 1966;
Caley & Maxwell, 1966; Karfunkel, 1974; Kim
et al., 1988). EZ ARNETE 24H 243
A REo] FAFAAA YPFL AL B3R Y
2 Ao dAsHAl x| <45 (Calarkle & Cowman,
1975), AZA L] wEAFFAAN Hepde Fo¥
542 ARz w2 ZA3% 34 DA HI
Aol B 1= 9o} (McMillian & Simposon, 1978).
F7HA Y A d4E AR AAAN &
Hoz defx 9l (Pasko, 1972) ol=ig
HE35E v Al 249 3} 7T
2 FPA e APl dehte dubHel Ao
2 7597} (Saunders, 1966; Decker, 1974;
Hamburger, 1975; Chu-Wang & Oppenheim,
1978a, b; Koh ef al., 1988).
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o] blood-brain barrierg Esl 55 47
#t (Kerpere ef al., 1992) %) sith Auj& A
o2 HAzAe] d32 AL A 4y
2] Purkinje A173¢] &3} (Mancini ef al., 1985),
12-O-tetradecanoyl phorbol (TPA)el 23 A17A|
29| *J3F (Hsu, 1985), ethanolel &8 AJAMAIZAN
M| 3 (astrocyte) ¥-3}¢] ¢I38F (Srivastava ef al.,
1995), Akslol} oJ&t AAAM 22 E2} f-= (Kivatinitz
et al., 1997) o] RuHYT, w3 AujdaZA
o WE dF2% AAATEAY serotonin®]
3} (Zmanulsson, 1976: Choe et /. 1989), 7|3}
&9l malathion?] <3k (Flockhart & Casida,
1972: Procter et al., 1976 Kim et al., 1988), 1~
tryptophan®] 933k (Emanuelsson & Palen, 1975:
Palen & Thomerby, 1981; Choe et af/., 1985:
Choeemd, 1989)ell o3& B7 Fe] glor} A A
w2 =AM EES g dAE A7

ulAl g A4 ole},

wgeb 2 d7e AudEe] A3z #3944
& A WHAA Al Fatan gz
eES LETR CIEBEESIPIREEEEEE
A ulMF2A W 5 BAsky wd Az
3 Asisbd el WslE SDS-PAGEE %3le ulas
Astgm, SAde] WA desr 549
LDH, MDH % SDH®] ®&A8Ae) Wzl 2 ATPF
2o Wzt & ZAge=n W WAAAH AP
Nadeg AT AT FHHL AL B8 2

A Wt ntE 7)EE AAY 4 U

e o Uy

1. AEx 2

A A2 AMS3E Abor acresA (A JEE
oA AJAL B3lAbe M Bk o] AR (60+5g)&
2a7] HelA HA =27 (L= 38+0.5°C, A &
% 60%) 02 FAsHA,

2. Ay

1) &t o HAIHo|Y B

Al A&t H¥E E3ln I mmiez A
A% % 0.1M carcodylate buffer (pH 7.4)2 2%
¥ 2.5% glutaraldehydeol| A 5A17Y AxuAstxw, =
43 g3doz 1584 33 AHI L, YT
2t ) 1% osmium tetroxide (OsO4)gBo g
22175t FoAsAY nAE 238 Fd9 ¢
Fd2o2 1584 33] AT GF alcohol A€ F=
&0 2 €3l propylene oxide® X|3gF &
Epon EvjA|& =vjstz, =4}A=7) (ultramicro-
tome LKB-V¥)E A4t 1um FA=2 24 Al
2HgF & 1% toluidine bluez ¢33l P3H3n|A
o= FAste] AR E sl Feldt 79
£ 60 nm® ZAEHE WE=o] uranyl acetate?}
lead citrate® o]& A3t JEM 100 CX-1I &3}
3 AR A (80kV)o2 #AsIgH,

2) SDS-PAGEO| 2|3t chl{a F4o
A =] & *&38}e] ultrasonic dismembrator
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(ARTEK-300, U.S.A.)Z ice bath Aol m}2§A)
71 & 94 22)7] (Beckman J2-21)2 0°CollAl
10,000xg2 1082k A1 22]ste] Ao A A
Aol RESEA i BA Alg g ARgSRH
A7)ed FAl 2 welld U o] dujag 718
F7] A S5t 2o Mgl oA deks A
akstct, Alg 9E24M(0.1g glycerol, 621.5ul
upper tris buffer, 0.02g SDS, 50 ul B-mercap-
toethanol, 15ug brom thymol blue/ml)ol] &%
AMa Aladae gk FA57] $8ke] brom
thymol blue® ¥A %2 Als 3499} Alad
1:1 ¥lg2 Egsida. 21 % 287 £ B
ZEE 9%, AL EerlE AHEEte] 12,000
rpm o2 587t AlEelsts, o] AF9g Bradford
(1976)9¥ ol W} bovine serum albumin (BSA)&
25 EA 23] bl Agg stgdet. lale] A
ZFE Al8E Coomassie brilliant blue G-2500 2
g M 3te] spectrophotometer (Pye Unicam Co.,
U.K)Z 595 nmol|A Fd s &3y 25284
2 23T AAdste] WA g=ke Faksig]ch

Lammli (1970) ¥ Annapur 5 (1986)2] Hhe]

2%
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158 wosss |
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w}z} vertical slab gel kit (Hoefer, SE600)& o}-&
3le] A7]%4§ (SDS-PAGE)&}, 1A glass plate
(16 x17 cm)°l 1.5 mm spacer® IAste 10%
acrylamide gelS 9E3, sz Feke] A5 A
28 zE54AA (crude protein)¥efoz Fhaksl
o 0.8 ug protein/w7t H x5 33} A3 F,
o] & 30ulet A8 P29 (0.1g glycerol, 62.5
ul upper Tris buffer, 0.02¢g SDS, 50 ul B~mrcap-
toethanol, 15 g brom thymol blue/ml) 30 ul&
okl B BN 287 3R B Yl

o YaAE AgE mAYAEe7]2 12,000 rpmel
A 5EZE AR ste ASd 40 plE welld)

loading®te] 2} welld 16 ugo 7144 =& A
71§83 4°Cslell Al TGS ¢E4 (3g Tris,
14.4 g glycerol, 1g SDS/{)E o]&sle HF 20
mASA 15475 AASAG. AAD geld
Comassie brilliant blue (2.5% Coomassie brilliant
blue R, 40% methanol, 7% acetic acid)Z 3A|7ZF
A5 & 7.5%
acetic acid)Z A ste] Zb Alge) JEAe BAs
3 ®F AL aldolase (158 KD), bovine serum

acetic acid buffer (5% methanol,

66$
45§ 0.00
36! B
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Fig. 1. SDS-polyacrylamide gel electrophoresis and densitometric curves of cerebrum flide proteins in

chick

embryo: (M) marker protein, (A) Embryogenic day 7, (B) Embryogenic day 8
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albumin (66 KD), egg albumin (45KD), glycer-
aldehyde—3-phosphatate dehydrogenase (36KD),
carbonic anhydrase (29 KD), trypsinogen bovine
pancrease (24 KD), trypsin inhiditor soybean (20
KD) 281 a-lactalbumin (14 KD)& AH&-3tg
2 gele A 727) (Hefer, SE 1160)o| A 93
3] AzAl1Z) %ol =74 (Shimadzu C-9000) 2 570
nmell A gl Wiz Urg ZA3e] A3 W

3ot

3 aogMdE £3

(7} Lactate dehydrogenase (LDH)2| ZME &X
LDH®] &2 Holbrook 5 (1975)2] Hb& o]
ste] ukgale] EAUE 71E F 18%< A

3, =
= NADH® ¢k& 340 nmolA 2 FF =S 2R3t
= 5+

[ o

*

uk-2-o (30 m1)9] FA& 50 mM phosphate
buffer (pH 7.4), 0.6 mM sodium pyruvate, 21.3
mM nicotinamide, 0.18 mM NADH=Z 3} &4
o2+ 229 zadd 0. 1mlE &8l x4
REE 2499,

(L}) Malate dehydrogenase (MDH)S] M E =X

MDH®] @42 Joo#} Han (1976)2] Hb-& o] &
spo} whgale] maE FHET AHEelA 185l
7} 4% 2, 6-dichlorophenol indophenor (DICPIP)
2] ok gpectrophotometer (Shimadzu-1201)3 o]
43te] 600 nmolM S 3te] FAbslgeh. whgoy e
%42 14 mM phosphate buffer (pH 7.4), 0.43
mM NAD+, 30 mM nicotinamide, 0.86 mM KCN,
0034 mM DICPIP, 7.1 mM sodium malate® 3}
3, d7)el F&d 2E4Y 0.1mlE Es A
43kt

(CH Succinate dehydrogenase (SDH)2| &M &X

SDH®] 42 Jooet Han (1976)9] ¥lHE& o] &
sto] ubg-Nol] &EAYE sPEtE AAelAM 1EFU¢
39¥= DICPIPS <}& spectrophotometer (Shi-
madzu-1201)E ©]£-3}ed 600 nme|lA 1 mM KCN,
0.04 mM DICPIP, 20 mM soium succinate® 3}
T, #28 2549 0. 1mlE st AR

4) Adenosine triphosphate (ATP) &2 =3

Aol A 225 A& 200 ul2} HEPES ¢
%89 (50 mmol Tris acetate buffer, pH 7.75,
1.5mmol EDTA, 0.075% bovine serum albumin,
10 mmol Magnesium acetate) 200 ulg& &3}z
(Wulff, 1983) o}7]el HEPES $t3gHe=z 44
A}Z] D-luciferin-luciferase (frol Firefly; Calbio-
chem Co.)4% 100 wE &3 10& 3ol 3d
352 luminometer (Berthold, LB9501)& o]-83}
o ZAs9H (Bowie, 1978). EFEFAL 1.97x
10°mol ATP £1-& HEPES $45H o= 3543}
AMadzt gdstA FAsA

1) Zetsioldd 44

A 7~84 Aufoll M Ex{ A A3x]Ale] A

Hog HAFNUT W FA HHpAE Py
Zo] TAET, w3 oF o] WAFU K]

e B2 dzAel o&HE A AR

Ro] 7S 60~70% A=7F AP (Figs.

2, 5).

=

2) MAIHn|AH 4~H

wida) 79 A (Figs. 3, 4)2] AAA =z 3L
AzA nlsle] vy & 8o Fofe] AHust <l
< A3 gslen A A 3=2A 2Ed 9
Az 239oz d d4g AAY 4 ddH.
Mitochondria’ cristae7} St 3 So] M %
A el z# BxHol Sldm MEe Fele v
WAl dxEo) oY FEsigen A=z
Ao A $2] ribosomee] FAE

vl 82 Al (Figs. 6, )& 943 o] 12
A FxHe] glolon] Az} wute EHsA el
o, AEAeME 2HAEA S} Golgi HFA &
wtEe] gy FAYE AYHer JFAHH
=& 348, MA3 S mitochondriaZ} & HEE e
sladet. 7FRZ7] (dendrite) 8] Al EA A= Satol
v @& ARAAESe] ExFH UANT H4FL
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WA 7 F 3] A o
= 9lch, B2 330KD, 320KD @ 285KD, 250
KD, 45KD, 24KD ¥ 17KD?] shia £ % 317
o) whiAl Wi =71 BelEglc) (Fig. 1).

w39 A Ert ¥
2)5)iv}. 330KD, 320KD, 285KD, 250KD, 180
KD, 45KD, 36 KD, 22KD2| =iz W= & &
34719 A wR=r) Bl (Fig. 1).

3. §AgMro| W3

1) Lactate dehydrogenase (LDH)2| &M=

WA 74 A9 LDH #4-2 8.16 (unit/
cerebrum)olglom, wvty 8dF Auje] LDH &
A2 9,28 (unit/cerebrum) o] $i=}. WA 74 A
wiBe}h s Awje] LDH &Aool o FtE vk
A& o 4 9lsiek (Table 1).

2) Malate dehydrogenase (MDH)2| &M T

ety 7dZ Aule] MDH A2 7,98 (unit
/cerebrum) e w3 g8l Al¢je] MDH A&
10.10 (unit/cerebrum)ii iy 792 AR
FA F7F HAE AE & 4 e (Table 1).

3) Succinate dehydrogenase (SDH)2| &M &

WA 79 Awlle] SDH #4312 5.49 (unit/cere-
brum) o™ wA 8UdZe} A2 7,14 (unit/cere-
brum)e|giv}h, wH& &4 X =Rt Mgl e} o
Ay sd e g Ert ZUMEAAE s o 4 4l

Table 1. Dehydrogenase activity of the cerebrum in
chick embryo

Enzyme activity™ (unit/cerebrum)

Enélbryoni lactatye dehy- malate dehy- succinate
ays droginase drogenase dehydroginase
(LDH) (MDH) (SDH)
7 8.16 7.98 5.49
8 9.28 10,10 7.14

+One unit of enzyme activity was defined as 0.1 of
opticial density change per minute under the experi-
mental condition described in the text.

Table 2. Adenosine triphosphate (ATP) contents of
the cerebrum in chick embryo

Embryogenic days ATP mol/ml
7 3.45x1076
8 3.95x 107

At} (Table 1).
4. Adenosine triphosphate (ATP)2| Ei3}

79% A ATPE AHATFo] 3.45%x10°°
mol/mlojie™, 8UFe ATPYL 3.95x 10762
velgton, 847 74 vE S-S My
o} (Table 2).
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17398 A9 guidoz BE YA
F2o] TR A7 age] A
A Azgd AA4FEE T
&l A Alel gebrtr] A= A
AARE o)t ABETH ¥

2733 Atele] fuidM Zr} EE]H o]
< YA, 2FHME A7 AR YAo
A A)FBle] mE]Zoz A}, Ao
o) wel 7] AAME AADozHE ==
% PAEe AAY ¢F B2 A, A
S, FE H3 Ueix) 32e 47} Do,
A ¥} 7t 2 BIERT FHE $x2
ey S 2o dEd FHET R
0. ¥ dy, 74 oz HI FHE
Ay, ay Sow B3I (Kim ef ol 1997). B
AFA 2 WA 7~8YU AufelM dHE

I A3HAle] APH oz FAHYT HHFH o
Aole Pushe WYgel WSS, =¥ F
Zof WS AT B39 AdxA9 o5
+ ¥k HAREe] S 60~70% =7}
AAAAdet. mAF2A s Aupda 797l
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A Ao 124 ¥xd 9487 2540z 3 ¥
o] e, mitochondria: cristae’} SFEEH
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AYEo) AEA el mF FEPo| WYEH
g 1uuwg sdzel e m=A pEd 9z,
Az dute F3EA e, AEdeldr 29

AZA 9} Golgi EA7F A wdEe] 9lgieh, o
3t uljoFA| 7]l W2 mitochondria®} 44 Z7}e}
cristae®] W2z Az L4 E4¢ SDH, MDH
g4 59 Z7HE A rlzdALE 8488 A
o7 AZAHEY, AZ wjFAzle] o mH Tz
H3E dxA 2] B3hel JeiPE spH2ex
2,

Bamurg S (1973)2 Aw} WA 2 999 neuro
tubule A2 Ay 543 AdA 119 A
olell A -2 A Frkete] AwiA 11~17Y A}
olofx= A2l 1/4 A =7} neurotubule WA 2 A o]
71z < 2 w=rh A SREEE A
HH Zhasigdon, AvdME A3 whfale] Wby
8 Aol =A =G AL 16~20Y71A
+ AxA ez Zagds skt

Hah 5 (1987)2 Aje) FFA4xA oz Re <
el ¢ e Wy 90KDA 16 KD7HA) v}
el ®2al 49 & oF 24~2870¢] WA=} densito-
metryell 93 FFHAGT Rastgcl, £ ATl
T 747 ik Aol M 3119 A W=}
FE s, 8Y wioFA] 34719 W=} A wY
FAZEe] F7tel| 2% Aoz Az

Asztalos®} Nemcsok (1985)= =7z 2343}
ArzAle] o3t zA]Ale] A= LDHEA ] 7}
o vjFshe meps] didzA] 3 Ay LDHE
Aol Z71E e, ol B BHAzkge| Tt
wol7lA el shiza el ditelztxn I
vbd Choe 5 (1985)2 phenylalanine, tryptophan,
tyrosinez}t 22 WS oln| Al Foisla 1597
Ratst Auje] 7$ LDH, MDH 223 SDHs} 7
At Fo3t BAE BT A A
Py B 1wsled s, Choe 5 (1986)2 Rt 109 %
Awll F¥<2] LDH, MDH Z2ji SDH¢ #2 7|&
HAL #HH '5aE] SAH=E A9 ¥ LDH
A =% tryptophan Fo4F-2) 7ol A4l ¥
8 80% ZA FAHT, MDH A Ages=
T9%2 GAo] FAaHgon] SDHE ALE 56%

_°_.7]

L

a7t dopdg RaEgd, g 2 dFeae
LDH, MDH ¥ SDH 4 x¥x 7Y wjekA B 8
d WA Z27HEAE BgEd o= oAl F
Fholl M ebp3E, AA, oju|:Ab o HE A
234 Algls)eel TCA 329 a48Ae] 274+
Zoz 4R

2 B

A 7, 8 A iy AAME R3he] W
£ A st AARM =z wM72 WHIbe A
A3 7S o] 43le] FAsigon, =it oy why
A, dprase] 4= Y ATPY #H3pds 24
3 A o5 2o

e AFHZY v Fze] W3 oA 7YF
°ﬂf‘1—‘= HzAel wls] vlwmAd T o] Fofel 9174

ql x—] sﬁz]oﬂ —7371] _r_gﬂ 03 zah,}. 23 U_]r__o__

¥ #wto] Yeld i, mitochondrial cristae7}
A& F_AH S0 AEA el T Fxge] FA
Aot TH R 8dZolME 12 BEd 4
A A3 Ak FSiEA ey, A EAelA
ZHAZA 9} GolgiH3A 7T 2 ddEe] gl

A= o] witA] 7dFAME 3170 A W=
Eol HHHAL, vty 8UTIME 34/ W=
7} AR ES, deaid ST wFAIte] F
Va4s Zrkske d4S Roled, LDHS 4%
oA 7972 8,160 WA 8U & 9.28¢]
olm, MDH: Z}7h 7.98% 10,1028 vlelgd. 1
2131 SDHA= #A) 79l M= 5.49¢]0] iy 8
oM 7.149 S Hed 1SS o &
‘}lﬁ} ATPS] W3t wiA) 73 Al 8+

v]5=5HA etk
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FIGURE LEGENDS

Light micrographs of chick embryo incubated for 7 days. CH, cerebral hemisphere; LV, lateral
ventricle; TV, third ventricle. x13.

Electron micrograph of neurons in the cerebral cortex of chick embryo incubated for 7 days.
Neurons contain oval-shaped neucleus (N) with a prominent nucleolus (No). A lot of free
ribosomes (R) are evenly scattered in the cytoplasm. Some vesicles (arrow) are gathered in the
upper side of the nucleus. M, mitochondria.

Electron micrograph of neurons in the cetfebral cortex of chick embryo incubated for 7 days.
Oval-shaped mitochondria (M) and Golgi complex (G) are observed. Chr, heterochromatin; N,
nucleus; R, ribosome.

Light micrograph of the brain of chick embryo incubated for 8 days. CH, cerebral hemisphere;
CP, choroid plexus. x13. ’

Electron micrograph of neurons in the cerebral cortex of chick embryo incubated for 8 days.
Neurons contains a nucleus (N) with two prominent nucleoli. A number of mitochondria and
polysomes (P) are observed. G, Golgi complex; Nt, Neurotubules; RER, rough endoplasmic
reticulum.

Electron micrograph of neurons in the cerebral cortex of chick embryo incubated for 8 days. A
number of mitochondria (M) and rough endoplasmic reticulum (RER) are observed. No,
nucleolus; M, mitochondria; RER, rough endoplasmic reticulum.
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