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ABSTRACT

A major obstacle in constructing a DNA-PKcs gene expression system using conventional
vectors is the high expression levels of this gene which results in a decrease in cell
proliferation and eventual cell death. One solution to this problem is the use of a Human
Artificial Chromosome (HAC) vector. HACs have several advantages over conventional vec-
tors such as: maintenance of a constant copy number in a host cell due to their stability,
and the ability to accommodate multiple gene regulation elements or a huge genome, since
there are no or less size limitations for the DNA to be introduced into them. Katoh et al.
constructed a novel HAC called AqHAC, generated by deletion of a distal portion of the
long arm of human chromosome 21 and insertion of a lox P sequence for gene cloning. In
this present study, I attempted to construct a DNA-PKcs expression cassette housed in a
AqHAC vector wherein DNA-PKcs expression levels can be artificially controlled by
varying doses of tetracycline. The components of this novel DNA-PKcs expression system
include: a tetracycline-binding transactivator protein, rtTA (Tet-On) or tTA (Tet-Off), a
tetracycline—responsive element positioned next to a minimal human cytomegalovirus
promoter, and the cDNA of human DNA-PKcs gene downstream of these two elements.
RT-PCR analysis of selected clones derived from a DNA-PKcs-deficient CHO cell line har-
boring the DNA-PKcs/AgqHAC vector exhibited a proportional change in DNA-PKcs tran-
script levels in response to varying doses of doxycycline, a derivative of tetracycline. These
results demonstrate that the combined use of AqQHAC and the tetracycline gene regulation
system is an efficient artificial regulation system for DNA-PKcs and will be useful for func-
tional studies of this gene. (Accepted on 22 September, 2003)
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A, & I
A Y ¥ R T Y &
RT + — + — + — 4+ — + — + — 4+ =

L e o s . - QU

B 79-1  DPN-B1 DPN-B2 DPN-B7
Dox. = Hgpsioaidee = b
- § ~DNA-PKcs
|
V3TF
C Dox: & k.. =g
RT + — 4+ -

4. RT-PCRIC& ADNA-PKcs®mRNA DFIH — 1

A: DPN-B12»5B7D77 B — 2 CDNA-PKcsOmRNADOFH AR S sz, (T9-UIRB ALy Fa&EEihu
AqHAC% {149 %5 CHOAMNE)

B: Dox(100ng/ml) # Nz 7z & & ODPNIC 51 A2 DNA-PKcsOmRNAFH OZA{L % Northern Blotil & - TR
¥. B2TFDox% M2 % &L TRABAHEZ 578, #ICBL, BITEIEMA L TWA. %/, Dox%inzix<
T3HDNA-PKcsOmRNAFH A HERR T & /.

C: V3TF& 17 80— TmRNADOFH PR SN/, Dox(100ng/ml) % iz 7284 CT4HDNA-PKes®OmRNA
FBLPTER T E 7.

3
25
2 ]
15 : &
1 J )
0.5

V3TF-2 - —

VHDPN-1
VHDPN-2
VHDPN-3
VHDPN-4
VHDPN-5
VHDPN-6

V3TF-1

V3TF-3

B rx910uy BY
O kxsy190Y #L
5. WP T7zT7—FET7vEACLDMOITADESEY
PBI-GL7 S5 AI FOERAIWIVY T 2 5—EH, tTAIC K-> TRIHAIhS. R E L CRKICEAT S
PRL-SVA0 TS AI F 6L, IIVA XTIV T 257 —EROtTATHKERICHET5. REXIVETIVAR
Ty T 25—V DOHAERT I ET, OTADREEEZ L /2. tTADEE R 2L I\ \WeE, 757 k0
L7 %. VHDPNiZE, rtTA (Tet-on) #RHL Tk Y, Doxx Mz -BEEEEEEN FRTAHEE2 LN,
VHDPN4, 5Ti%, Dox% iz /2B &GN LR LA, Doxm A E\WEETY, oy o—yv L REEOE
MR SN/, —F, V3TFIZtTA (Tet-off) #FHILL TW5728, DoxuMilE, EEGHEMET S5 &
E2bNzmp, sa—1, 2, 3OTRTT, Dox%Nzsl LIk > THEEEHOK TFTAER SN, £/, V
3TF1Cid, Dox% Nz 5 &I & » TEEEESTERICHEE SN k- 7.
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6. FISHIC & B2AqHACERIFT 3 VIHMMZD L EKE
V3H3Ma T, CHOMMadsD0ADYRlk (F5) &, AqHAC (b Heta il iy 7 o —
Teot-1IC ko THREH I N D) BMBOGEMEKICTHASNS C i REFSN Tk,

R 5 L amER L7 (X6).

COV3IH3IMBEBIZCER I v b
pTNTneoDP (Tet-On) (K1 1) DOEA%
fTorce 25, EhmEsro— 21770 —/1%
T, >2bera—»ysr / APCRTDNA-PKcsD
cDNAZRF T H RSN, LHrLEHD,
ZDDNA-PKcsOFERITWIFN L RT-PCR T
Bl B C & e, -7z (V3TN, 0/6=0%). [FIfk
IZpTFTneoDP (Tet-0ff) (X1 Z511#A%) FEH A
v A VIHMEICEA LEAmE 7 0 — %
307 a—1B7h, 5B/ APCR TcDNA = 1
ATELDF270—VTHo7. S HITPR-
PCRIC Tl a—y (V3TF, 1/2=50%) OAFE
HAMRLID, FFdA 270 /I kBFE0
RO LN h -7z (K4-C).

D LiEpTNTneoDP GE1HEAL, Tet-Off) T
Watd 5 L, CHOTHERICHBAEON/-HAC
N7 Z— EOBETFRIADN, FEMABATHO

CHORZIOMIAVIICR L/ 2 A, BHVED
57 ICVIMIIRICHACNR 7 2 — LIC ARV E BT %
BELILBAELELHICBWTY, VIHMIlEATO
FEB A BEICIH S h /. Thid, AqgHAC
LOBEFREANTA N fifakFticay Fo—
WENTWAZ L@ RELTWA. ZL T,
N HFRBAE O N/CMIZIC I WT, DoxIC TH
WHITE2A S £ Tz Wbl L LT, TOZRHE
HYw b TIIEICH S, neolBmTDRE LD
PEEBLPovAICHFEET AT VN VY—T L A
VD, neolBEF DA TR, §EBEICHLE
T ATRE-PminCMVICBW T &% 5 2 CTn»
LAJEEMENE 2 B/,

FIHROX 7 Z—1 5, neoltEi&Em T O
PouvZ B L C, TREDMHIZPminCMV % fifi
AT AHT LK 5T, neolittEiEE T EIROPomy
RNICHEET AT /N —T UV AV A, DNA-
PKcsiIEFDORBLICHE LY 5 2 et 2 LD
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V3BN V3BF-1  V3BF-2
DOX + Lk = +

i

V3BF-3 V3 M059J

-+ ==

7. RT-PCRIC & DNA-PKcs®mRNA DFIF—2
V3BN & V3BF1-3CDox % s INC & ADNA-PKcsOmRNADOFH O #5) L 7=. V3
BN{ZrtTA (Tet-on) #FHE L TEY, Doxx Nz s & TmRNAOFRBREN EH L. L
7L, Dox#Mz7e\\WBE THImRNAOREBR MR S N7z, —75, V3BFIZtTA (Tet-off)
B L TEY, Dox% Nz s LIZL-> T, mRNADOFREBE LA L. FICV3BF1IT
i3, Dox# Nz 5 &Ik > TmRNADFHE N EEL /2.

Wi, £/, prubevA v ravVESIEREA
FTEIELICLST, ZUNRTEEBRHROHEES
L. CoF2MRBEBEa VA +5 7 b
pBITNDP (Tet-On) 3 X U'pBITFDP (Tet-Off)
(X3 E21tAX) ZVIH3MICEA L/ EZ A,
B CIEEAIM 167 O — b4y a— 557 )/
LPCRTCcDNAZREEL TRV, 17—V DA
TmRNADOFRBEHZED BN (V3BN, 1/4=25
%). Dox% & F7x\WEEHITIE, RNAIZHH G2
KT L TCWIMERD 70 ) OFRBPFER T E /.
—7, & TIIEAMmME6y n—h37a—T
7 ) APCRBMT, 20370 —/F3+XT

mRNADOZFEBAZD b7z (V3BF, 3/3=100%) .
S HIZ32OmMRNAFEH 7 O —/ 4N TICEWT,

Dox% Nz 7z & ERMEEOI T HRRD LNz, FF
IZV3BF1I T3, Dox%InzsC &Ik - THREE
PEHTELRWEEETETL W (K7). v
VT 15— T v A Lo THRICEAL T
FSUA U MKERLY T 2 S—VYBETFRE
DDoxIC XAl Z R L /& 25 (X5, V3BF
1-3), Dox% Nz 5 & TIVY T =5 —HiEERN
KT L7, CHIIRT-PCROFEREMEBEL TFH
D, BIZV3BFITIRIIVY 7 5 —EiE% SRR

SNEWEREE TETL TWwWe (K5 V3TFI-3).

z =

AqHACIHE, b FHEMKRTH - Eb/hIWV21FE
getafk (48Mb) #\bWb by XTI VT T
O—FICKOREETOAT SV r—Ya Ve
11 TR _EDOBEFELR T % Bk L 16MbIC 524

SN DTHAS. SHILIEREETHADNZD
DloxPEFIBFHFA SN TS, TOHACRY
X —id FREEMEA CTREICHERSELINS C
EDHERIN TS, S5 ICBAMBOYEARIC
FASNDZ L7 BN CHET 5720, D&
GF EHEERTAZ LB D, £iitEn
F7 ) AD kS EKEDNARS & AT HET
HHEHHEINTWAS. Lieh-T, BEETHE
M, RUBAERICKT 58Ma0E LT HRER
N7 Z—LLTOREKHEDLIRKEW. 40O, A
qHAC E CHEBUER TR NS L D ICHBL T
5 LRI B2, 610, BERTFRAEA
THNCHBET 5V AT LHBET L7201, 75
AIFET2200BEFI=y DO bRB A
v +#AQHACICHA L C OFBMEH 21T - /2.
FIHARRE LY F T, 79-1H1@AN T
MRNADFER B A LN S HDDDoxIC & 5 FEH,
HELTRATETH - 72. i, neolittEiEmT
DOCMVFHHIEHEIK & (r) t TAKAMEFEBLHI 8
WAIEFE IS L T A72012, neolif & InF
DCMVIZUNV/Y—TI UV AV NS LEE
AAETRF 2B (Ot TAKFERE 7 oE—2 —ICEA L
TXDOEEREREAL, HAHVEIAHIL, ChbHo
MEERICE > T, (OtTAOESLIRREICE Y 7%
{ DNA-PKcsEEZFDEENTHON TS LE
2N/, BAVIET FEEL HEKIC22D T
OE— ¥ —EFINFET HBIC, BERTHEA
Ik E L7720, ZOEAODNAKEE N ZEL
% C & CHRBOBBHEFERICEEY -2, K
BOMHATF¥: (transcriptional interference), 7/
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0E— & —##l (promoter suppression) &P
NABEHEE, RENFEEIINAZDIE xR
70T HTERMENTHBEE . ZOE, (1)
tTAKAF 7 0T~ & —TRE-PminCMViZPcuv
MOIVN/T—T U AV R BRI EERG S
% ELR/N 7 HE— X —PminCMV & TetA
XL — X DNAFEFNZTERBE LT PS54 71
VIRERT (TRE) ZL & Th B0,
TEOCMV /0T —F —C & » THICEE 5%
FRF W EMHEEIN/A. EHIENVY T 2T~
YT v A DRI EDoxDHFMEIZ L ANV T x
S—VEEOBEBRONTZ T Eh D, rtTA
gV TBERELERENVZ L, rtTAERTF
DCMV /e —Z —bHEERAB KA TWATE]
BEME AR I N,

COEDIERMIL, £, neolifEERTFH
HEOCMV /10— % —Peyv &£ TRE-
PminCM VO EVER % 5 72 D1 Poyy % Hl
L C, TREOHERICPminCMV % EE L W
AR ETEME % & DTRE-PminCMVICZEE L
7. ¥72, DNA-PKcsZ VNV EOFEBRER 5
O AHT=DHIZcDNARTIDO ERiCsravv A4/ F
OvEmAL. COFEMRER Iy FEH
W7ok T5, DNA-PKcs®OmRNA % W4 5V3
HREEPBONA LD k-7, Lo - T,
neolEEZEFDOCMYV 7 HE— X —Peyy & (1)
tTAKREM 70T — % —TRE-PminCMVDOHHE
TERIC £ AHEPMRNADFRRIC K& S B8
TWAIZ ERRBEINA. £, VITFMEs
H—YV OV T 2 5—ET v EAIC L ABE T
RT-PCROBRLHEEIL T, DoxOF 5L~ T
W7 5—YEEOET RSN, FICVITF
1Tix, DoxE5IC & - TIHWAEE L. O
ZEhD, OTAZ VNI BEDRERI+HHY,
Tet—Off systemPHEEL TWA Z L BAREI N
7z,

S8, IHIKT 2 AZ VT Hy FEFTVWDNA-
PRKesDFB % 2 /S BUN)VTHETT 5 L3
{2, ¥HIC, DNA-PKcsORBEZ BN ¥
Do, BMELTBETFHRASETHERTESL LR
WAty bPEHBLAVWEEZTWS. (DtTA
HBEDOCMV T BE—4 %, AqHACODIEH|ZER
X —H—THHBsdBEERFDOCMV 7/ OE—H —
HDNA-PKcsE LU (DtTAD IR HE T L7
BEMERD B/, 2T iCchicken B globin® A v/

AV —2 —FF AL, tTADRBEEL L7
IR BDTOE—XEHCAGT IE— X
BFLTW5A (X3 &3ftf). Chicken # globin®
AV AV —2—f53, CTCFREMiE & AT
VN —Tae— X —HEEREMET 5 L E
Z2bNTnwah. ChEHATAILICE-T,
(ItTAKRFEE 7 OE—2—, (OVtTABEGKO O
E— A —BLUBsdD/HE—X —% ZTNTND
BEFREa V=P AVFELTHEITE L
PERETHH EELDLNS.

B UCHOMIBEH R TH A I o B9, 79-
TR THmRNADRBE B A b/-h, TOHAC
RNy 2 —HVIHIICEA L THLRE 7 O—
VMR LN Io. SN IMERLNE OB
TATHREMEOR KL EOBLPEEL TN 5T
BMEEREZ DN, LA LENDL, REDK WA
qHAC# 44 A VIH3MIIBICEERBE Iz v k
HEAL THERICHER 70—V B ok -
ol &, EE2ERER ALY P T,
mMRNADRB AR TEL 26, £2<HL
DNARLHN % & DFRBNT 7 —%FEFEL T Th,
79-141fE CIZDNA-PKcsDFEBEML RSN 528, V
SHlECTHALNEVWHERTH - 2. THiL,
DNA-PKcsKIB#HTH VM TIL, HSED
EERTICEAPR - T Y, EEEEMET
LTWah, 5WEDNA-PKcsEEF R
T 5 EMREOER - HEICTF LD, TV
KT 4y ZIHEH S TS 7 O—V RERICE
LNATFEERDAE 2 5N, HACRZ 4 — L&
EFREL, FAMRICEEINS LEZ LN
7o

AFFETHWIZHACNR 7 4 —3AqHACE -5
T AMEICDNA-PKesHBE Ay FE2EAT S
BIZ, CreREAN7 7 —LIICEAL CloxPEF
BREREESE LS. TOMEEE 21T X 5 Tneolit
WREETHEEBRENS. Lizs-T, G418%
Kt 7 0 — V3¢ XTEPORBE Ay F%&A
qHACIZ & > TWAH LEZ b, B DY
O —T, IV~ OB AR SEF 4 C
BHHI L 59, DNA-PKcs®DcDNA %5
Fowra—UREHEZ bh/z. CTORRICE
W OMEZLNBEYR, — DT —ECrefiiny
ML Z 2350, neolitEBEFHAEER I N/,
BUCrell X BloxPiz IR, loxPiliz X’
FNEEBRELCLE D GABEEL TW5
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WREMER D BH. B H L, loxPELEFIZ, ~
J ARICHEEL, £ CHARZBEIY, 20D
T H D7 aE—Z —EINC & D neoi&ET 7
AHNCIEMAL S N0, 7 o—y S HE
Lizdb#E20NA. 7, DNA-PKcsEET 7
KRG U FPHREDER - BRI B In 5720
S RAYICDNA-PKes FEBICBI 59 % SHIE A K
KLIcrm—vPE L BONICAEELEZ OGN
5.
KWFFE CIEIDNA-PKcsiE A T #mRNA L
ANOVTHRET L 72728, BRRERNIC R A FE 4 5728
2, SHEMRGEOEICTHEET A F 275> F
TTHA. DNA-PKcsid, DNABGEEICH»H»
boTkD, COBBTFICEROD HVIMIET
R E N ERE SN T B2,
DNA-PKcsiE#fZFHEAL, Doxil GEBEFIH
WAFES A LT, VIO SRR
WET L5 EEZONDS. RAFVRZMT, M
BEMEO a0 Z—EEEEL H W TR 2FE T
H5.

T, < AESHRIC B E A A2 B AL TE
ANt PREEBAT T AOERMS, L
21Tk b O AT IR < A\ RN TR
TBILEEINL ERMESNTERYY, SEFEHL
7-DNA-PKcsHEBHACR 7 2 —% I\, #Ef=
FEBET VAL ERADLTETHH. EE
IZIZDNA-PKesi# mF OFR B A HGE L /7-HACH
AR 27 %2 —%DNA-PKcs/KIBESHIE (DNA-
PKcs —/-) IZ#B AL, DNA-PKcsD/RIBAFIE
S N7-ESHfE (DNA-PKcs + HAC) % {Efl+
%. ZOESHE (DNA-PKcs + HAC) %LIFJE
GHETICAF I E— 2% AV CEEEIREET
BRI LHEICLY, SRl s o
%. oM DNA-PKces/KIB< ™7 ADBAKIZ
R Lok, BEEAL 72Tk LUBAIEAETE
LSCIDY 7 ADEEE G RERENERINS
Z i EINS.

v 21FBREEREROHACR 7 2 —%FIHE L
T, FFSYA 7V VICEBHERE, EXE
DNABEEET TH S5DNA-PKcs®DcDNA % &
ATHILICE - T, ALY eRR e HETRE L
G EHRNT Z—FEH L 72. TODNA-PKcsHEH,
HACAR 7 2 —#V3filaicE A L, DNA-PKcsiE

S

BT mRNADFRBAFF U4 7 ) ViREIC X
O ANTHNCHIFEFTHE & 75 - 7.

FEBR2DIHICD, HIRBY I AHEE, HE6
G Y E L BRKF R ERE T R 4
PERREE TS B FE PR OIS, EAMEREB D £ L
o IR H S R R R S e B B R IR A
MEESZ, RIERE MRS R - P iRiRE R
ME—FICES o LT e, KFEETICH
JoDEBESIRE o2 & E LR e A R
FHYGERT F Ak B A B TR B R AL B S I R
7oLET. £, FEEE A L TWho/2vwoCandice
G. T. TahimicSAZIZLOWRITHIL Tz
¥ L -FHEETAERSEER, Rfifa sz, 7©/
LELFHELAMICE@LBL EifEd.
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