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different promoters on the regulation of gene expression
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Abstract: The effect of altering the promoter region of ubiquitous chromatin-opening element (UCOE) and matrix
attachment region (MAR) on stable and efficient expression of genes was investigated. Four different promoters were tested,
namely, oct4 containing an enhancer region, sox2 having a CpG island, nanog having no regulatory elements, and CMV
containing a CpG island and an enhancer region. Eight reporter plasmids were constructed: pOCT4-UCOE, pOCT4-MAR,
pSOX2-UCOE, pSOX2-MAR, pNANOG-UCOE, pNANOG-MAR, pCMV-UCOE, and pCMV-MAR. Stable and efficient
expression was observed when UCOE combined with the oct4 promoter, whereas the sox2 was the best promoter suited for
MAR. Comparison of the stable clones of oct4-UCOE and sox2-MAR showed that UCOE-regulated expression is more
stable and efficient than MAR-regulated expression. When CpG island-containing promoter is linked with UCOE, stable
and efficient expression could be observed. These data suggest that an enhancer region in the promoter leads to high, yet
unstable expression when combined with UCOE, whereas CpG islands stabilize expression. In conclusion, UCOE and MAR
interact with regulatory elements on the promoter by altering the chromatin open state and chromatin loop to regulate gene

expression.
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Fig. 1 Schematic diagram of plasmids containing UCOE and MAR combined four different promoters: oct4, sox2,
nanog, and CMV, respectively. CGI indicates CpG island, PP indicates proximal promoter, SpA indicates SV40 polyA.
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%1 %M MAR. UCOE T&1838F. CpG B. TATA EMBEHM FRIH KR AE CHO AR FHRIA
Table 1 The expression profiles in CHO cell with plasmids containing MAR or UCOE and different promoters.
The promoter may contain enhancer, CpG island, TATA box, or their combinations

Vectors Target promoter Elements in promoters Chromatin regulators  Effect of expression
pOCT4 oct4 promoter Enhancer None Control
pOCT4-MAR oct4 promoter Enhancer MAR Insignificant
pOCT4-UCOE oct4 promoter Enhancer UOCE Improved
pSOX2 S0X2 promoter TATA box+CpG island None Control
pSOX2-MAR S0X2 promoter TATA box+CpG island MAR Improved
pSOX2-UCOE S0X2 promoter TATA box+CpG island UCOE Insignificant
pPNANOG nanog promoter None None Control
PNANOG-UCOE nanog promoter None UCOE Improved
pNANOG-MAR nanog promoter None MAR Insignificant
pEGFP-C1 CMV early promoter Enhancer+CpG island None Control
pCMV-UCOE CMVearly promoter Enhancer+CpG island UCOE Improved
pCMV-MAR CMV early promoter Enhancer+CpG island MAR Insignificant

S A T A 22 8] [ B A R s R Rk L T
UCOE #15 CMV Ji 8T iy e ik 3858 I AN RE 1] (2
=, #EN UCOE 5 CpG & LR AE7E IS 8l + X B Al
ReXf R IRIF TR AL -

22 BEHRERREETWUSH

W5 2.1 R RRRA, B THIT UCOE
il MAR 27 57 TATA & . CpG 5 Fikg g 14
A F oo R AR R R, YT
pOCT4-MAR . pOCT4-UCOE . pSOX2-MAR .
pSOX2-UCOE . pNANOG-MAR . pPNANOG-UCOE
JRLY CHO-K1 4 i o i B E AT T 38 S2 1 W
A, JFFERYY)E 10d, 20 d A1 30 d =A4NEHIA] A
BEAT P EHA R, DA A3 A 30 AR 3258 1R B e 1k
(I 3), A Imaged %4 Mean 53 fil Maximum
SR T o 5 1) ¢ Y AN i iR R SF- 359 400 i 7 S i
FESEAT o8 (B 4)o MR 40 M2 i Bk
A R KGRk 1) EGFP 28GR iE 10-30 d B4 &2
T R ) a3 R o di ik 3K 1R 9 e 4l A 43
Mr#H, pOCT4-UCOE #MAkfEfa & isi ik
20 d J5 Rk B A TR T RE; pSOX2-MAR k{4 N
7E 10 d Fafe 5 RiA /AW FF%, (H7E 20 d &

% : 010-64807509

KRIFI IR, ) 30 d BF Rk R IKE RS
5510 REFFMAKE, AR B K BB FUA M
M pPNANOG-UCOE # 14 W] iy £ 4% 55 10 KRBT 42
I 2R 38 T R AN RT3 5 3] 20 d 3k B B R A
i, ZEAFE TR, X$/R pOCT4-UCOE .,
pSOX2-MAR . pNANOG-UCOE 4 3 M#A7E
55 10 RINEA AN = KRB 8K, (81 20d J5
FXF BN AR, R 3 AR IR B RS .
23 FERATRGSESEMFHEMERAT
e FRIESREEREKSH

J T iE— B UCOE #l MAR 439 5
TATA . CpG 5 I8 75 )5 8 F oo 4 iy A B
VEFAR BB TR0 (6 FOR S R e FR I, MRS
JE B A e R AR R . RIRTR I 2 7
AL Z4RE ST AT 43T o LA BAAS 4 5 I M A 5T
XG0 53 W & BRBEALEE A T Rl — A JTORE 4 AN 7] B
I v P A R R (&1 BA AE), BT[]
v R R S AL E R, IR @ BORAS s )
REANIR], $ERINEG Bl SRS v BERE
Wi 200 i A= 7= o ] B Joopr 4 [R)— BRSO
] 240 fa 2 St Bt AN ] (18] 5A H), $7R e £ 5T

. cjb@im.ac.cn



3316 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

Analysis of EGFP fluorescence

= intensity Analysis of RT-PCR Results of ELISA assay

£ 05 ﬁ** 3.0, B 25y ok

5 * i‘;_ 25l 5

g 04 — g2 2 - 20}

= . kel 5]

g 0= § 1.5} ’—h 53 “

5 02 5 10} ® T

S £

= 0l £ 05} L ] g 5

£ 00 ! 2 0.0 g 0 -

> OIS LN I o N G O RS
T ST §OT 0 % AR @ NS

6) 9 - g (6) P 9% G ; g)
N OF OF & 01@ O N o‘p OF
Q Q 'Q R 'Q ®©

2

% 0.6 I*—l o 6 3 2571 *%
E * = 5| E 5

2 0.5 — £ 5 . 2 20}

g 04 E 47 g Q is

5 03 8 3} B e

] =1 = 5 10 F

5 02 3 2t £ 2

= Z = L
= 0.1 E 1t § 5

2 0.0 o L L E o

o] ’ o)\ 'ﬁb‘ x?g' 0?) C "D’ Pf.k 0@ © N & PS* 0?)
= Q- OC b 00 < OC M \BC' <8 ) M 00
< & 9 X B S Q & B G 9 & B

N [ £ Y £ s

2

é % & ) @ % *
g 04 = g ‘LE’ 35

2 839

g g BEI5

o = -
£ 2 -2 2 ]
2 0.0 S XY a -3 g 0 3 3
@ oM o© b B o o© hY! b @] o o© 3 b
5 & W E 7 o O F AR L S
z o5 € P < P
< QQ’ QV\‘ \&‘P'* Q\ﬁ’*\k QQ‘/ Q\'\ e\ Q\A‘?S\ QQ/ QY\‘ e\ Q\ﬁ:\‘\

2

= .

5 I P 3 $

= £ 4 g 14

w04 = 12

2 g 2 §210

[F] [) =} Q

2 o 0 5] 8

S 02 5 =5 6

g B -2 :-é & 4

= = 3] 2

g 0.0 a4 g 0

£ o ov P N o \S < oS 0 \

S 3 C BN 3 C WP 2 o Nty

= QQ QA} ]~ (‘ﬁ q,\} ] Q‘& - <]~
2 TATERE25d LR, B TATA &1 CpG BAMAY sox2 BEiT (F—H) FHSEET octd BT (B

—ZH) BEReRTY UCOE 1 MAR B8 fE, RESMEEREERER

Fig. 2 After 25 days of stable transfection, sox2 promoter (first row) and oct4 promoter (second row) were regulated
by chromatin elements UCOE and MAR, respectively, and showed different enhanced expression patterns.
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Fig. 3 Gene expression profiles in CHO-K1 cells at time points of 10 d, 20 d and 30 d. These plasmids contain UCOE
or MAR and promoters with different regulatory elements.
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Fig. 4 Chimeric expression analysis of monoclones that stably transfected plasmids behalf of interaction between

UCOE/MAR with different promoters.

Geitsr b4 20, UCOE 8] MAR 5% CpG
51 sox2 J3 37 H CMV 3 )12 R/ N s 3h
Ml A RIBEBRELZRARE; M5 AT CpG 5.
{5 BE SR -1 octd Ja 8 F FIASHATAT I8 5 e
nanog Jii 2h 3L [RIVE IR, 022 5% B 2% (& 5B-C),
R E CpG BATaEHAFRE UCOE X
MAR 895 i IF R R E . 4, HAR
UCOE #l MAR Xtk & &iAHm LB, B H &
A58 F 1) octd Ja 8T pOCT4-UCOE ik & ik
PR = T pOCT4-MAR 4b, H4A 34N E8F
i UCOE 1 15 1) B v B i & R I8 P2 BE AR 7
MAR JFFI [ JEokL, $#E8 UCOE HATR#EGIR & %
KIVERT; TR e G R IA T R EAF T H
MR ORI VE R o TR X P 4 ik B ek 25 7 B
FHH ORI T HUACH 2B, AP HE SR Y octd JE Bl
TR AR ICLER) nanog J 3 72 B 5%
S AR, BIXT octd S5 B TR,
pOCT4-UCOE i & #KiLEFEE B % & T pOCT4-
MAR; X} nanog )3 zh+>£i%, pNANOG-UCOE i)
R EFIAFLE B &1L T pNANOG-MAR (/4 5B-C),
R UCOE HA Ak A& R MER, | pOCT4-
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UCOE 1 &itk & Rk ik — 5 Ui B 3 9 7 A g 2 5 |
Rtk B e IR 1 SR T T

XF Lt 8 AN TR ) B T b A e a8 25 S R K]
AR BT R B, X octd J Bk,
UCOE 75 My 5L I Sk s B B mite &, it
sox2 JE s FH MAR 1877 B @Rk S e A i
KRG E; X nanog JE 3T (OCEEICHE) M
CMV (CpG &+¥458+) JazhF 4t k8, UCOE
WA S F m R AR A R IR
(Bl 5D-E; £ 2). DL B&5HREH, QL@ y)y
4] UCOE Ty s Rk B ia e, HA octd Jii
T2 W4h, BAET octd S35 F i UCOE+H
98T R R IB E S, MAR+TATA box+CpG
By 8w IR AR G, R A AR E Tk .
R CMV & 37 | UCOE+I35 7+CpG &
DU 3RS v ek AU iR &, B UCOE+nanog [Fl#f
P F R I AR A, ULP UCOE i 7 15 /& 3
AR A o T UCOE+H 3 185 1) 5 #1511
B, BRI R A R SRR T REAN R
A, [AlE} UCOE+E5T+CpG 544 WIH 1
IRAVIRHR A, BB CpG &y By A7 76 AT e 1 1G5
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Fig. 5 Chimeric expression occurred in monoclones transfected with the plasmids. (A) Left: different monoclones
showed different growth rates; Middle: variable fluorescence intensity appeared in different cells in the same monoclone;
Right: cells showed different dividing ability in the same monoclone. (B) Analysis of chimeric expression in cells
transformed with different plasmids. (C) Structures of four different promoters. (D-E) Analysis of egfp expression
driven by different promoters in different plasmids.
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Table 2 The relationship between chimeric expression and gene expression in cells transformed with 8 plasmids

Plasmids Regulatory elements in promoters  Chimeric expression  Expression level oper?it:gtlr:zrz:atin
pOCT4-UCOE UCOE-+enhancer High High Unstable
pOCT4-MAR MAR-+enhancer Low Low Stable
pSOX2-UCOE CpG island+TATA box+UCOE Insignificant Low Relatively stable
pSOX2-MAR CpG island+TATA box+MAR Insignificant High Relatively unstable
pNANOG-UCOE UCOE Low High Stable
pNANOG-MAR MAR High Low Unstable
pCMV-UCOE UCOE+enhancer+CpG island Low High Stable
pCMV-MAR MAR-+enhancer+CpG island High Low Unstable
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FAORATRE . LG IR R A 1A OLH K
(£ 2), % 10T UCOE A5 iR 3L 15t MAR
g ; A4 MAR 5 TATA &1 sox2 Ja s 7
g5 4 i L RE m AL ELA R bk, T Rk gy
Hrig R CpG & fEfe e ik th R CHMER , i
sox2 i sh T | TATA & 15 MAR 45 & fEfaE
TR R
3 it
31 MARZ UCOE F3IBI5RBaFiRET
HHEERIBIERERIE

ot SR KO- 1) R 7 2 B TR 2R R R I A
7, MAR 1 UCOE X [F ik () I8 #2532 2251 X
eSO . EAZ AW Sk iR s . SE A
LR SEATTAN, B SR AR i B RNA RA T 11K
HRMIE ARG R, SMPS TR+
R ESTAEE R B RNA B4R 11 554 B+
FIVERT, RNA R4 T AT S BGR T Ye €0 f5 1 f
. RN SCEERRT, e UK
AR, R SRR YE AL o R TE IR
ARG iR b, IV 2R R N A ],
N Y € o B RS 20 V8 5 7 AT AR R A E IS .
MAR F1 UCOE J3 413 12 A [F] A AL IR B T il
o R SR Rk, H AT E Rk 2L 3 P an i g
FE IR AN B BT

ALY, MAR 5 CpG 5 TATA &
) sox2 SER R s 7456 )5, H#Ek pSOX2-MAR
ERER P EMRIAREERE®RT UCOE 5
sox2 s FRIAH A . XA fEEH TIERBEI T
sox2 JadhF TSS i # %A CpG &, ks Tk
() CpG &5 A 5 Bk F LAk DRI 76 BA 067 S iR e
F A% /ARt 2 DX TP R DR R B 3 ) S
I UCOE M4 A &3l 3 BH 1E )7 8l 7 I CpG i 55 H
HALP 7 sox2 3 A UCOE 7E 3 fE
FEE HASRESMER; M MAR i IE K
Yeta R BIAT est sox2 JAEF HA R TSN
¥/ IMA & 437 . UCOE #il MAR BN R i, MAR
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bR THRE S TATA &1 sox2 JH3hFh9 pSOX2-
MAR &R kFh, XHLHE &35 1 octd J5 80+
A& JHAT R4 ) nanog AR & CpG K 3 5 -1
CMV B3 F#{& T UCOE MR, #R
TATA & FIfie5 MAR A EAEH . TATA Gfe i
TEHL RNA RE T A, Hodih a2 F (Mediator)
] 2 5 Y 0 TR IO B R e R 0 P22
ok MAR % % e a5t 25 nl g iE o B S
TATA G R A EAER .

iM% — 1, UCOE 5 & 14581/ octd )3 5h
F454, HEK pOCT4-UCOE Fikta @t T
MAR 5 octd J33IF4 G . XATREZH T octd J
Bl F LA TG R R Spl 254 X T i
¥, ik UCOE Ky H SLALHEHT A FH BE I % 25 Bk
JE BT CG i H Sk I T s A/ IMAR I o o7
PEMGSR A 1 MAR X3 3h U s 14 5 1 [X
H3K9 L ZMEALrIBH 1L, 7T RE & Wi i I 4 4 5
SRR P A

AR E WA MAR 1 UCOE 341X A 8
Y BT A IR 32 B B B R IR TR A
HUSEDE, MAR B F T TSS X% CpG & H s
T I A INMA & 7 A BT, B R AN
PRI s T UCOE WA A 45 B s 11 3 sh 7 1
AN N A1 R s VU1 = ) e Rl R E Ty
5 MAR ¢ UCOE A B A FH 5 4 €8 )5t A ek 2%

32 HIRMNEBEBMNMHREATZEAEEFET
IERSREWHNTTL

B e TR & 3K v R R o7 A T B i A 38
ST E AT, A RSN AS BT Y 0 BT 4R [
W 2 o BT A B — B R B R A
K, DU S ) S AR ) e € BT AR 2 B R I B AR
b, TR RSN AT E P A T

% pOCT4-MAR ,pOCT4-UCOE ,pSOX2-MAR
pSOX2-UCOE K H Xf B pNANOG-MAR .,
pPNANOG-UCOE #1 pCMV-MAR. pCMV-UCOE
S5 LA 20 i B v A ik B R AR
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UCOE SJasiFAH A MEMEETE, M MAR
HESFMAE, T RILRB TR R RIBAAHE
SPARFEE . SR E LA pOCT4-UCOE, pSOX2-
MAR FI pNANOG-UCOE 7 %2 % 1% Y J5 Bt isf [71] 55,
RAEMFRBBKRE, mmFeak i s 4 #s 2 i
Kiesh, JH pSOX2-MAR 1% ik =481k It H
Sl K H 2 PICHLHM: . MAR 3 5 T 5 = 4k 254
o 0[5 PRI 5 [ 25 41, pSOX2-MAR T R
1t TATA £ R MAR JL [ JE G 6 5T 38 , e 0 i B
FIREAIXTANERAE . EAZA Y P e 8 5T = 4RSS 1Y
T AR T R B PR A, FLS ol v G5 4 1) i 72
AR BUR 2 F R R sk B Gk, LI
T A AR A% /N R T BT B A R G 0 R
BT, HEARFAEASK DNA MBEMERE
FEMBRACBITE I, DT X I PR S 7 A R ) 5%
mi %8 UCOE i 5 oct4 J& 317l nanog & 2 1
T B ek B AR R B AR AR, T RE R
UCOE /S AE I 34k GC A4 Fl FHRaE %/
PARER G RDTF g S I B, & CpG & i Ak
L R H AL CG Y R AR I TG £ )5
33 FAFRSREMMRERIEENEM

MAR #il TATA & 54445 DNA FR 1 TE AR
5%, [ R A Bl DNA B R &
RIBEARFGE . Mo — G818 8 7Rk
WATE . FOE KB R, R 8T
(Active enhancer) AJ LA&JSE 8l —FE 00 57 b 5 3
H 55 RNA, 7454 eRNAP®L eRNA jifi 4%
Ao mE . BE & O MR FEKEF Nipbl
(Nipped-B-like protein) J& % 14 2 1 AH & [ 14 55
TR Y (it DNA B, 108 75 T 5t
DRI 2l 7B 1 = o7 B 2028 T 7 = 4
JE G SR S L RIFEM, @i MAR 5
TATA & n] B S i) e 4450 DNA PRFI R RE 5 S 4t
a5 DNA IR B R AR RIR AT E S,
LI A 5T DNA BRI 1Y 52 M AH X DNA 25
FEAAT SR I TG £ ST B AR E o
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Wit R A HT RS, AT H g e
JO R R EE R FAR AR I (1) TATA &
ISR TR REZ Y i DNA FRAGTEEE, NIL%
5 MAR HAGTE s ik, A 4L (a5 DNA I
TE BB 55 2 A A X ANERAE o (2) UCOE 8 s 41 il s
Bl 1 X CG i FAb L H: CpG 15 i 2 H AL TE 1
A4 T €65 PT g AT R T R R IR AR

A2 F DL RS54 uE i SOk B £ i)
o3, LA LZ5e AT — 2 3045 B B 5
B UF SR A T — 2 A
B Ry B EFHERE S AW LAY
ZERAN . NFANAR R ERINFR A
ZREFRL TR L HFr. Bty R
BREAR (Bid) PR RA R B RARHMKAZ
B AR T AT KA X .
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