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Transgenic mouse with the drug-induced transcription factor
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We constructed a retroviral vector that has an autoregulatory cassette and express
the gene of interest in response to oral administration of doxycycline (dox) in vivo. The
cassette contains the all components of the reverse tetracycline-regulated (rtTA) system
(Gossen M. et al. 1995), a drug selectable marker (BSD) with the internal ribosome entry
site (IRES) and the gene of interest (GFP). The retroviral long term repeat enhancer and
promoter elements drived expression of the taransactivator (ITetR-VP16) and BSD, but
the translation was terminated at the 3’-site of BSD. The expression of GFP was
controlled under the tandem tet operator sequences and the cytomegalovirus minimal
promoter in a dose-dependent manner to dox. FACS analyses showed that GFP-
fluoresence was induced in two-order magnitude in the retrovirus-infected 208F cells
dependent on the amount of dox. Furthermore oral administration of dox could induce
GFP protein in the transplanted 208F cells in the peritoneal cavity of a nude mouse. Thus,
this reverse tetracycline-regulated retroviral vector (RTRRV) system allows easy delivery
of controllable genes to cultured cells and transgenic animals. Thus, we tried to establish a
transgenic mouse expressing an inducible dominant negative ATF1. Although the
dominant negative ATF1 suppressed CREB-mediated transcription in PC12 cells, the

transgenic mice showed no obvious difference from wild animals.

4-1. WEFREHK

XWEO L., MERTEERT
CREB ® K3+ > rxHF17&L
THEEES 5 ATFIRL 7%, a. @
LARJT, b EEOBAT. e |1
WEICEIHTES, BERTRETY

_37_

ADEFNERREALTSHILT
BB, cnEERTENE &<
EHREOENT T AEES T,
CREB D#RROD E D & 370 Kk
iz, FOLDICHE-THENE,
FEHTANELOHEGEICILT



KaEREMILTITS I ENTE
H5RTThHS, FMELCENTHRL
2, RO RN ESnEEr e
g, LhbERIEEDOBEICL
o CTIEHEHRIEAAREE T, ABMicE
ALETOBE-F—COHEETS
FAIEBERTFERBATEITURE
ERZEERE L. BEANCEE
ERERER T A S REEE rTet &
TOHESEINE T OE—F —ERIC
MARANTERIF 2T T
FOEAETHEICEI ST, INET
DEETFI—7 v 7 > 7 THEWN
T&Eiho =, redundant ZiEEF
P lethal R TOEEEZ @
TEZRTTHD EHBEL TEME
=ML .

4-2. PFEE

HERICIE RU38486 it L2 HIEE
BRIV —-DTOTI bBEAL
7z, RU38486 M EiRiE TiamEE
D7 2AT0CERIEICESLURE
EEAERTENIT[EEEEL,
rTet ORICHE-> THEETT-> 2.
RTet TEHEL TH leaky 72FEmRA
BHEND LD ERNSH - =M,
ZNHWAIL repressor S OFE—
F—ICHEAAD ET, BRiko
ARBU2K, ROV
FHi#Efk Doxy-cycline &k - TiEH
{£Z 1 E.Coli @ Tet repressor DNA
HBERAL EFTHEERT rTet
EZDFEESEF TetO 227 0FE—
F—H{IFHIZHARAATERG ¥ — 2
BlLz, BEMBLAINTEHIOR
MRS —RBATEHI EIZLD,
BIEED OBEYEEFENFERFEN
HEE-o/, £/, ZOHMifEE<RY
AEERNCEELBAEKL RIILT
Doxyeyclin OO EIc L B
REER T & B FEMD B,

_38_

5, WEMEEEOPDOREIN
TArgF LeullEABD I &K HS T,
2BETIERESFHT 2 DNA HE
DEW ATFL BRI F 2 bxliTa T
9F ATFIRDZHBETSZENT
El=, 2O ATFIRL IZ in vitro Tid
CREB &ATO28EEHREL.
ATF1RL BB 5 —% PC12 #iE
ICEALUBEBHEHIES &, cAMP
hkoTHFEI N 2MEREOHBE
MBIRAICEEZNZZ ENHEL
7=e TI T, 2D ATF1 F2F+2 bk
FH5 T LEOERIC X BFHR
REANTY—OTRICBE, 52
AVIZw IR OARERLED &
FHE L 7=,

4~-3. HEERR

F9. ATFIRL Z2HBESEICHEL
TWABIF VAP I ZwITTRAE
=L 7=, ATFIRL oRRIZEAL
RNV THERTELISED ST,
Bzl ik, FEiCHREICHM
SE{LERED SN ho i, T T,
EBRIZ, in vivo T CREB MEHE(L
TAHAIEEERTH AEET VWM E
#ZX. ) VEME CREB #ifFZ2HAWT
zebra finch OFROEKPER T/HNED
RICRIGEL THEMEET 2% T2E8E
TERE G 9, 25iT, £&7-4
JE T CREB DOiE#A{t# alti{bd
LH5FEEEZRL. CREB 0V ik
Z GFP X OEME U THETES
FAFEH ART (cAMP responsive
tracer) DEAFEIZRIH U 7= GRsT 7).

44, SEOBBMERERE

MELIEO ATF1L/CREB Sl %114
AMFRELUEELDEMHT, Eitic
ATFIRL DXS5RIF > x5
A TR FERBIREZ T TIEMS
EERMho, TIT, 4L CREB |



OEHCEBTERNSTA2LEND
HEEZ, ART ZfE - TEHE L)L
T CREB DY »EL % ERICHE
TELH LI RBRETHREDY = ERHF
HTHBH, £, CREB OEEFH
WA < T X TS EBIE TITEIENT
I LARRIEEE - 7= A8, Bl CRER
HABETFOELIZEME (F/ A
TPy NTEAREHRIZ CREB
WeEERTWE), TOBRETFHEL
f7o/=. CREB #iZFREDEHRIC
H—RERRERERZEHSNT, BIE
BTHRWI EMSHE, SETE
BIFET AN ET-> TS, H#HROD
SIREFINVEME LRROEZS —
ZERAWT, BEELXITO CREB
OWEEE, SEBAEHLTWIFET
BB,

4-5. BEmLI A

1. Aratani, S., Fujii, R., Ohishi, T.,
Fyjita, H., Amane, T., Ohshima, T,
Hagiwara, M., Fukamizu, A. &
Nakajima, T. (2001) Dual roles of
RNA helicase A on CREB-
dependent transcription. Mol. Cell.
Biol., in press.

2. Ueda, H.R., Hagiwara, M. &
Kitano, H. (2001) Robust
oscillations within the interlocked
feedback model of Drosophila
circadian rhythm. J. Theo. Biol.,
in press.

3. Kuroyanagi, H., Kimura, T., Wada,
K., Hisamoto, N., Matsumoto, K. &
Hagiwara, M. (2000) SPK-1,aC.
elegans SR proteins kinase
homologue, is essential for
embryogenesis and required for
germ line development. Mech.
Dev. 99, 51-64.

_39_

Muro,Y ., Kamimoto,T., Tomita,Y .,
and_Hagiwara,M., (2000) Spectrum
of autoantibodies against a dynamin-
related protein,dymple. Arthritis
Rheumatism 43, 7, 1516-1519.

Inoue, K., Mizuno, T., Wada, K. &
Hagiwara, M. (2000} Nove] RING
finger proteins, Airlp and 2p interact
with Hmtlp and inhibit the arginine
methylation of NpI3p. J. Biol.
Chem. 275, 32793-32799.

Usukura, J., Nishizawa, Y.,
Shimomura, A., Kobayashi, K.,
Nagatsu, T. & Hagiwara, M. (2000)
Direct imaging of phosphorylation
dependent congormational change
and DNA binding of CREB by
electron microscopy. Genes to
Cells 5, 515-522.

Nagai, Y., Miyazaki, M., Aoki, R,
Zama, T., Inoue, S., Hirose, K., lino,
M. & Hagiwara, M, (2000} A
fluorescent indicator for visualizing
cAMP-induced phosphorylation in
vivo. Nat. Biotechnol. 18, 313-
316.

Kawahara, K., Watanabe, S.,
Ohshima, T., Soejima, Y., Qishi, T.,
Aratani, S., Nakata, M., Shibata, M.,
Inoue, K., Amano, T, Fujii, R.,
Yanai, K., Hagiwara, M., Fukamizu,
A., Martyama, I. & Nakajima, T.
(1999) Hypernuclear acetylation in
atherosclerotic lesions and activated
vascular smooth muscle cells.
Biochem. Biophys. Res. Comm,
266, 417-424.

Sakaguchi, H., Wada, K., Maekawa,
M., Watsuji, T. & Hagiwara, M,
(1999} Song-induced
phosphorylation of cAMP response
element binding protein in the



10.

11.

12.

13.

songbird brain. J. Neuroscience 19,
3973-3981.

Koizumi, J., Okamoto, Y., Onogi, H.,
Mayeda, A., and Krainer, A. &
Hagiwara, M. (1999) The
subcellular localization of SF2/ASF
is regulated by the direct interaction
with SR protein kinases (SRPKs).

J. Biol. Chem. 274, 11125-11131.

Okamoto, Y., Onogi, H., Honda, R.,
Yasuda, H., Wakabayashi, T.,
Nimura, Y. & Hagiwara, M. (1998)
cde? kinase-mediated
phosphorylation of splicing factor
SF2/ASF. Biochem. Biophys. Res.
Comm. 249, §72-878

Yoshida, K., Imaki, J., Okamoto, Y.,
Iwakabe, H., Fujisawa, H., Matsuda,
A., Nakanishi, S., Matsuda, H. &
Hagiwara, M. (1998) CREB-
induced transcriptional activation
depends on mGluRé in rod bipolar
cells, Mol. Brain Res. 57,241-
247.

Shimomura, A., Okamoto, Y., Hirata,
Y., Kobayashi, M., Kawakami, K.,

_40_

i4.

Kiuchi, K., Wakabayashi, T. &
Hagiwara, M. (1998) Dominant
negative ATF] blocks cyclic AMP-
induced neurite outgrowth in PC12D
Cells. J. Neurochem. 70, 1029-
1034,

Muro, Y., Ogawa, Y., Kato, Y. &
Hagiwara, M. (1998) Autoantibody
to thioredoxin reductase in an
ovarian cancer patient. Biochem.
Biophys. Res. Commun. 242, 267-
271

15. Kurovanagi, N., Onogi, H.,

Wakabayashi, T. & Hagiwara, M.
(1998} Novel SR-protein-specific
kinase, SRPK2, disassembles
nuclear speckles. Biochem.
Biophys. Res. Commun. 242, 357-
364.

. Kamimoto, T., Nagai, Y., Onogi, H.,

Muro, Y., Wakabayashi, T. &
Hagiwara, M. (1998) Dymple, a
novel dynamin-like high molecular
weight GTPase lacking a proline-
rich carboxyi-terminal domain in
mammalian cells. J. Biol. Chem.
273,1044-1051



