WYz A A 4D A 13, 95~100 (2000) 95
Dev. Reprod. Vol. 4, No. 1, 95~100 (2000)

A A - F ¥ 83 AAA 7o DDTe| 93t
KAP3 §AA zA-o that

Ao - ARG - HLA' - R ol - AT
WetE 4Es, ead s 4Ess

Study on the Regulation of KAP3 Gene Involved in
the Brain Sexual Differentiation by DDT during
the Critical Period of Fetal and Neonatal Age

Han-Seung Kang, Bu-il June, Eun-Jung Choil, Byung-Ju Leel,
Chae-Kwan Lee and Sung-Goo K:smgT

Department of Biology, College of Natural Sciences, Inje University, Kimhae 621-749. Korea
'Department of Biology, College of Natural Sciences, Ulsan University, Ulsan 680-749. Korea

"\%% HWERZAERES A FEY WEHAC) 238 dod & e ZAEE 717

EE %t vt FH g A HFHY A o] AVlE dADI|NM BF 7~10Y
7bgelt) o & 4_% Y ¥ A4 ®v3te] ZFAHA A7le] 2HE = KAP3 FAAE F2939 0 (Choi & Lee,
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ABSTRACT: A large number of man-made chemicals that have been released into the environment have the potential to disrupt the
endocrine system of animals and humans. There is a critical developmental period during which sexual brain differentiation proceeds
irreversibly under the influence of gonadal hormone. Recently we identified KAP3 gene expressed during the critical period of rat brain
sexual differentiation. KAP3 functions as a microtubule-based motor that transports membranous organelles anterogradely in cells,
including neurons. In the present study, we aimed to investigate the effect of endocrine disruptor, Dichlorodiphenyl trichloroethane
(DDT), on the KAP3 gene expression during critical period of rat brain development. Maternal exposure to DDT increased the level
of KAP3 mRNA in male and female fetus brains when examined on the gestational day 17 (GD17). In postnatal day 6, DDT suppressed
the expression of KAP3 gene in male and female rat brain. Also, the body weight and fertilization rate were decreased in the DDT
exposured rats. These results showed that endocrine disruptor, DDT, can affect the transcriptional leve! of brain sexual differentiation
related gene, KAP3, in the prenatal and the neonatal rat brain and that maternal exposure to endocrine disruptors may lead to a toxic
response in embryonic differentiation of brain. And so KAP3 gene may be used a gene maker to analyse the molecular mechanism
for toxic response in animal nerve tissues exposed to endocrine disruptors.
Key word: Endocrine disruptors, KAP3, DDT, Fertilization rate, Brain sexual differentiation.
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dojdtt o] Aj7]e] QtEZAlo] gJoH A7 A FFA
A FH, 2193 ZAHYFE F4E E2 2 A48 &
ol vehdth. A7 A4, A4 Z3el lolx AHHRL
A7IE GAE7AA BFE 7T~109 7HEelth (vom Saal &
Bronson, 1980; Weisz & Ward, 1980). o] x]7)d] YA s £&
o3t AF2 54, gonadotropin®] F7]2Q) £4)7)F &
< 9 FHHA 54 59 2 /A ABAFY 4F01Y
Fdo| yetdth ¥ A Bt BAAA AV JrER

& gonadotropin®] FH S} 4 5ol 7S HFOEHA o

Aoz A G VAT d2E2Ad 9 N9
P A R0RA M) BAZH 2942 4 gtk
Hotsl A4, 24 AFS) A4 WAH AN syna-
ptic remodeling®] 17 o]t} (Naftolin et al., 1990). 28| Zo]T
S AT A 23 /1FE dFded 1HFLE de
AHEEE RE2 24 AF AEste AR AL A F
T J2EEANE FUTLERN A £3E A ¢ estrogen
sterilized rat (ESR) ©]t} (Arai & Gorski, 1968). ESR &7 2
7%, RAAA A viste Addgol FAIsEH sexually
dimorphic nucleus - preoptic area (SDN-POA)7} # &t} (Groo-
mer et al., 1971; Tattelin & Gorski, 1988; Faber & Hughes,
1991). =8 AL 7)7F @A 7] B2 ARAL AJASHE-
HotrA-B Y aFe] FFHA AEol B luteinizing
hormone releasing hormone (LHRH)3} luteinizing hormone
(LH) surge7} Ab2pTh 12]3 712 4Q] LH B 2% dA
3] 7+ 8t} (Harlan & Gorski, 1978; Faber et al,, 1991; 1993).

2 F99 A OFo g WwEHo e AT HIE
< AR H T2 WEHASS L3AE & e FA
= 7HAL 3tk o] A3 EEES U HEHALYE
2t e, AEAEY 71821 B4 A 4y
F< 72tk DDTE tHEA Q] Wiy wdEdeld, o 2E
T8 %} Ast] YEUA Fe o} & FEse A
o2 43A Atk &3, DDTE YA F ) TS 1
DDTe] ®a&4H2<Q  2,2-bis( o -chlorophenyl)-1,1-dichloroeth-
ylene (DDE)= tE27 AEAR F&ate gole] LAY
of o] A4S FuaTiy A It} (Faber et al.,1991; Kostka
et al,, 1996; You et al., 1998).

HZd & 9732 KAP3 345 3F Y HoA g9
3o 2293l Hth (Hirokawa, 1997, Choi & Lee, 1999).
KAP3+ kinesin superfamily proteins (KIFs) 5-& Al E W &7]
7o %3 AN TIE 718 #AF2 2 axonal transport
€ X3 AR ZeA Utk (Yamazaki et al, 1996).
KAP3 mRNA®] Zo]= 3.5kb o]t} KAP39| ¥y 2 #3 &
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AP 5 EL Sprague Dawley strain (Rattus norvegicus) 83
AHE ST 2 E 2E(24~26C)% F (7] 144
L 7] 10A1Z)3 el A AR st o H, &3 Hole AR-E7)
ARES Aotk JUS BA9% HorE 2] AalA 2
3 Ateted JAIE =g F vaginal smeare]] &3
ZFE 2 YA 0dE EAHHT
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2. 2] R2kEEe| Azl

AEse] AFAA A7l el 271e 2B Yol 4
otk A WA F2 ALY HZA, gale] ad
328 g4 16U 9] DDT(30 mgkg BW)E FA}81Z, b2
T TFY sesame oil T FALSA T YA 1783 1899
71zt TAste &, 4 TRl ® Held HE JEI¥ F
WA Z2 24 459 AHZA, 24 Y FH 597 DDT(30
mghkg BW)E FAIE & 69 A5 @FHo2 TA3Y
HE HEd4Th

3. RNAS| &

Total RNA %2 Tri-Reagent (Sigma St Louis, MO. USA.)
S AMESIHTh Sample 0.go] Tri-Reagent Imlg 23
homogenizerE A}4-3le] A& tubedE G- Arejo A ¢k 30
27 m stk v do] & tubeof chloroform 0.2mlS 4
T AZAA 1582 A F, 4C, 13,000 rpmoll A 1587 9
ARFeel 4EAL £A% F 29 isopropanol 715}]
RNAE IAAI A 3 E RNAE formamideo] o] AME-3}
Ak

4. Northern Blot Analysis

30429 total RNAE 1% agarose/2.2 M formaldehyde geld])
A 50 VE 37 B¢t A7l9FdAch A719% & RNA
transfer kit(Trans Vac, Hoefer San Francisco, USA)E Al-£3}

total RNAZ nylon membrane® 2 &7 %, vacuum ovenol A]
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80CE 2A17+E<H WHE-AlZth Nylon membraneo] hybrid-
ization bufferE 7}38}3, 42°Col| A} 2A)7+59t prehybridization
3 3, KAP3 cRNA probe (1x10° cpm/ml)E H7}5}e] 42°Co
A 18A17F Ft hybridizationd} 9 T}, Hybridization buffere] %
AL 50% deionized formamide, 5 X SSC (1 x SSC: 0.15 M
NaCl and 0.015 M sodium citrate), 5 X Denhardt's solution(l X
Denhardt's solution: 0.01 % polyvinyl pyrrolidone, 0.01 %
Ficoll and 0.01 % BSA), 0.1% SDS, 2 mg salmon sperm DNA
o]t} Hybridizationo] ¢ 3 ®] Eo|& e AFS A A3}
71 A3t Al F (1 x SSC+0.1% SDS, 0.2 X SSC+0.1%
DS AMEE 27t 284 AHE F Xy film
(X-OMAT, Kodak, New Haven, CT, USA)2.Z 1~4¢ £t
-T0C oA ZHEAIZ T

5. KAP3 cRNA Probe2| H|Zt

pGEM-T Easy Vector(Promega, Madison, WI, USA)e} 22
J¥ KAP3 FA2E A ¢aL Spe ] 28 st A
‘48] KAP3 A2 3¢ T7 RNA polymeraseS T 33} in
vitro transcription kit (Promega)$} [a- P] UTP(Amersham
Phamracia, Backinghamshire, England)& A}-£3}< probeE 3§
AsHtr AP antisense ¢cRNA probeE Nick column
(Amersham Phamracia, Backinghamshire, England)o] £ 3}A]#
AA s, SET buffer (0.1% SDS, 1 mM EDTA, 10 mM Tris,
10 mM dithiothreito) 2 F &35 T

6. DDTO| =&E HF 9 £HE ZAl

DDTY k&d #F Y FH &S 27 $18td DDTY)

TEE (BAF 1~5Y) FAE 677 AT F, ¢ 7E,
DDT =2 o5 met thg3 o] 47]9) 222 ire] 4
gatdck 34 FA, 3 ¢ a% A4 7, DDT 9AZ
DDT %, 34 &3 DDT &%, DDT ¢AZ. & + 727
1 vy 2EE 2048 w}v}ﬁ 8A7 FAG F A&

s

& ZABAT: $AS YA G¥e B4 F 2AUY B4
3E Fase BYHA.
4 3

1. 2| mEEE0| %ﬁ 2o &7 MBS0 njd HE
d F FAG HE PYLE o5

& S 2= ;Hz:p. AT AFol 10(£27)g2 2
o v]3le], DDT HFZANME 6.8 (£23)gl 2 32%
AF Z2E BRoY BAH f94L AT (Fig 1)
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Fig. 1. Effect of DDT on the body weight of rat neonatals. Rat
neonatal bodies were weighed after DDT (30 mg/kg)/sesame oil or
sesame oil(control) administration each from day 1 to day 5 and
subsequently sacrificed at day 6. Data was calculated by mean of SE.
CON, Control; DDT, Dichlorodipheny! trichloroethane.
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Fig. 2. Northern blot analysis of KAP3 mRNA expression in male
and female fetus brain obtained from the pregnant rat that had
been exposed to DDT. Total RNA was isolated from fetus brain after
DDT (30 mg/kg) administration of the pregnant rat. Control animals
were injected with sesame oil at pregnant day 16 and sacrificed at day
17 and 18, respectively. (A) Replicate northern blots containing 30ug
of total RNAs were cRNA probed to analysis the expression of KAP3
mRNA level and were exposed to film for 48hrs. (B) Relative levels
of KAP3 mRNA normalized with 4-actin levels and calculated as %
of control values. Each point represents the mean (£SE) of KAP3
mRNA levels from triplicated experiments (*, P<0.05). 17 C, Control
of gestational day 17; 17 D, Injection of DDT at gestational day 17;
18 C, Control of gestational day I8; 18 D, Injection of DDT at
gestational day 18.
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2. DDTH2|7t KAP3 |EXIQ| Wao] njxls A&

DDT =233 23 337 Hiof 43 39 Ha iy
KAP3 mRNAZE £ 8 23 85 F3L 9 174294
x| 2 dte] DDTA T KAP3 mRNAZO] Z7}5
Ark $AY A= A 17~189 DDT k& 29| A KAP3
mRNAS] ¢o] F713lH Tk (P<0.05) (Fig. 2). &4 & 597
DDTE FAME 83 ¢33 $2 9 oA KAP3 mRNAZ S
24 23 ¢, & EF DDTAHE R0 277 vsy
KAP3 mRNAZo] 7+4 5 A thFig. 3, P<0.05).
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Fig. 3. Northern blot analysis of KAP3 mRNA expression in rat
male and female neonatal brain affected by DDT. Total RNA was
isolated from neonatal brain that had been exposed to DDT (30 mg/kg).
Control neonatal animals were injected with sesame oil from day 1 to
day 5 and subsequently sacrificed at day 6. (A) Replicate northern
blots containing 30pg of total RNAs were ¢cRNA probed to analysis
the expression of KAP3 mRNA level and were exposed to film for
48hrs. (B) Relative levels of KAP3 mRNA normalized with 2 -actin
levels and calculated as % of control values. Each point represents the
mean (ESE) of KAP3 mRNA levels obtained from 3 times
experiments (*, P<0.05). CON, Control; DDT, Dichlorodiphenyl
trichloroethane.

Table 1. Fertilization rates of each male and female with or
without the exposure to the DDT

Male Female Fertilization rate (%)
Normal Normal 80
Normal DDT 40

DDT Normal 50

DDT DDT 10
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A& 80%% vwste, 34 £33 DDTY =&
A& 40%, DDTo| =38 33 A4 dANME 50%,

A&o] ZAHAT (Table 1).
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WEHA(ZEEA)Z A 44 (homeostasis), AJ4],
2, B Foll Al AT SEES FA, Buiske )
o 2 A A(gland), 32 F(hormone), ¥ 24 E(target cell) =
37FA BE2 2 oA e ALY SEES A F £0
E B/t EANES 279 td 75 AN
=

, S22 L(trigger), 1211
RIS S22 gt iy ZREALS £F79)
uet BATE 2R FF € 2@ P ME gE
t}. Polychlorinated biphenyl(PCB), bisphenol A(BPA)x= o] A E
24 $AHE &9 £ 2u-R-2(Gallant et al., 2000; Long
et al,, 2000; Vakharia & Gierthy, 2000)-2 3}, DDT+= thAls
Ael» DDEZ W¥= 4|, DDEE B2EAHE3 AE
2A Zpt2L(Sheeler et al., 2000)2 3= Aoz LA
o #A g8 Py ZAELL o 1009F ooz
A3t glth o] Y&y FFEZLS A9 Aeld] 2FY
ool AEAUNE Y€ ¥ FAHH Mg 23
g 7T Y ZPEFLE S2R9 E4S UK
NFoRE & AFEHE oA 2 2 A T o]
%Y@ty B E o] ¢lrkPalanza et al,, 1999). £3], o]
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3 = QA=d, kinesing microtuble - based motorZ 4] AAA XL
Y AEANA YAt HFA, synaptic vesicles, mito-
chondria 448 BR3 Tt (Brady, 1985; Vale et al., 1985;
Hirokawa et al, 1991; Hirokawa, 1993; 1997). KAP3&
KIF3A/3B] 7280 Agsln KIF3ABBY Ade o
S PXA ot KIF3A/3BY £WHA 9] A7) 3t 3o
B} (Yamazaki et al, 1996).

2 AFAME 87 H A B3t 2R A A7 YA
718 &4 F Z7]9) Yiu I ¥EAE 47 DDT7} 83
o A3 £319} KAP3 37 28 njAs 43S 2AEIS
ot DDTRS = QA7 24 & 27] 87 433 $3
Ejobe] Mol A KAP3 4719 B¥ o w@g YA (Fig
2,3). 18|3 DDTE FAHe 879 A5 X2 Z34 v v st
o ZAHAJEH o]AL PCBo &d ojuloA A oy
RAFAEC] L&A g2 AFHERY K9 AFo] Zgagy
+ B 31(Ness et al., 1993; Dennis et al,, 1996)¢} §-A}3 23}
o|THFig. 1). 123 DDTe] & ¥ A9 48 =3 A
8l ZAHATH (Table 1). £ 722 AP Q7N &
EZA) o3 8F 9 KAP3 §42 4825 AR 34 1)
Ae ¢S BI3A T (Choi and Lee, 1999). JAEZ-
KAP3 f+x171e] Bd-& g5 en, 94172 KAP3 4
AL BEAAE estrus cycled] NAE AQAH T ol e 2
= KAP3 A7} 839 & AR 3] 228 98¢ 3t
o, FE3 JAEZ AT 93 KAPIFAR HHAR =
AAAA AESE 2FANYE Judth TPy B A7
AHEE DDT £ Aol 22 3ez42 Ue
At ¢# A Ut (Palanza et al, 1999). 919} 22 AH}E
E Hol Y RHYHEAZ 422 DD/} 93 ¥ A &3
AR AV BF =2E A AT A He A
3] F28 8L d07 G KAP3 f3Ae] W)
FFE AAE T AL H AEHE ZINNE Ao
Aztdh o8 ¥ Zdg= DDT7t o 2EZA S 24
gth= A} (Palanza et al, 1999; Edmunds et al., 2000;
Sheeler et al., 20003} o] AEZ A o] KAP3 & A4 walo] o
g MAYE B19E AX D} (Choi & Lee, 1999). 1)
I KAP3 A7 TEY AZMAE Ao did U2y 2
FEAY 54& EANESHoR A7) 98 43
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