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PuraE H R4~ B 45 #aim X APPE E 3148 B9 EI=4E

FARY EHET R OB F P ORBM B A pAH
(7 B PR A PN R T A S, 4 R L [ S S R T A M, A1) 750004,
2T R RS L A B, E)1] 750004)

HE A W M 69 A A AT AR & & (amyloid precursor protein, APP)AE /& 3 F 49
K R 3*27‘5% Bl 3R % SR A 5 Puro K B 38 T8 ) 45 #3869 Puratk X R T AR 345 4 2| USTMG

mpa b BATR K R R A FEEE N E, A Z Purast APPA B & ik 64RE4E B . B A, HPura
2K B AH TR 45 M 3R89 Puratk kK R ARG FAZF R RARS A 458 2USTMG L i, 1% B &
E G it &G4, 18 it 52 aF & FPCR(Real-time PCR)%\?K"EI %, % EP 3% (Western blot)#F % Pura 7 [F) & 45
ABITAPPAA 245 5 . #F KB 69 R4E4E . R 2T, Puras K& G A RF 45383 4APP
A B R EHH REALE I HIE R, 12 2V ARFFN-3% 3 C-3 09 25 M 3R 7T fit = 4 H Pura & & ) #8
ERPAE L

K Puro; 2K G M); diRE; APP; SRR R TA

Effects of Pura or Its Domains on the Regulation of APP Gene Expression

Li Yongling*, Jia Zhongfa*, Chai Juan', Li Ping?, Yuan Chengmin', Sun Tao', Cui Jiangi'**
(‘Ningxia Key Laboratory of Cerebrocranial Diseases, the Incubation Base of National Key Laboratory, Yinchuan 750004, China;
2School of Basic Medical Sciences, Ningxia Medical University, Yinchuan 750004, China)

Abstract The eukaryotic expression vector pPCDNA3.0-Pura and the deletions which contain the different
DNA binding domains were constructed. Then co-transfected into US7MG cells with Luciferase reporter construct
with which the APP promoter (—170/+147) was inserted into the upstream of Luciferase gene. The Luciferase
assays were performed to analyze the transactivation effects of Pura on APP gene expression. The Real-time PCR
and Western blot were used to evaluate the effects of Pura and the different domains on 4PP gene expression
both in transcriptional and translational levels. The results of Luciferase assay demonstrated that the full length of
Pura and the different deletions could down-regulate APP promoter activities in various extent; at the meantime,
the results of Real-time PCR and Western blott confirmed that Pura could suppress APP gene expression both in
transcriptional and translational levels, but at least to keep the intact structure in N-terminal or C-terminal of the
Pura may be essential for maintenance of the functions of Pura.

Keywords  Pura; protein structure; domain; amyloid precursor protein; gene expression
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Puros& —F V2 AR 7E TR N 1T Ho g 5 A% IR 45
GHE A . ERed S T/ RO & A R A
31 FIDNAKE 57 7 41 b, iR AR, 54 D
el PR K i i 4b 45 2 R a3 . N 2R Puralfi
HIRFE R BESS & T Ne-Myc X i () DNAJT 41,
‘& IcDNA U 28 \HeLaZt i v B T HEAT T Fe 4143
B4 /N i Pura) T 41 5 N Pura) 741 JLF-AH A, 76T
A 3224 2 BE R AN A A2 E R AN RO, Pura
HARARG R, & 1O AL IDNAL & X, &F
MG EE PR 2g Em G A7 oAb LE A
T I SRR B FEN-I 1 S H R X, — A
“Psycho” 15 {4 X BURIC-3i 1) & 1 4% 24 W e A 4y 2 1R
Xo 7EHEABEALEFE Y, PurafIDNAZE A X 35k 1) 7
G AR o

Pura, PurBAIPury[f]J& TPurZ k. Purafy Pyp
AR IR e e A, A AN [R] 16 22 SR IR IR A7 2. Pura
JUTPAE A G AR A h R IEW, & —M £ 1)
Aed L, BENT DL S DNASS &, ] LS5 RNAZ A,
TEDNAS il 4. mRNA%E 55 R 1 0 9 45
T 8 R 4 5 A )R B R A ), A SOk o,
71 A 28 76 HPura ] DL 32 I 45 & fEmRNA RO,
Puro 5595 75 A0 it 52 A2 4647 AUFIDNA A1 1R
YNGR, T B IR 5% 1R 46 75 ZENEEDNA
i B, X LR AT G PurofE A — Rl L BEAZ IR 45 & 1R
H, HA M DNABRE RARRE S0, thab, ket 5T
i K, Pura/EDNA & 5 T7 AR R 354 — € 1)
PERIM X fERF P RGN A MR e A&
—E M.

Purocff: Ay i 55 DS~ 1 8 B DR e sg g T () /E
SERVEE R o X T HEBEBEDR R U, e nT DU — T
SR G DR 1T 5 A5 X S I DR () 3k, N 22 9 0 B
(polyomavirus, JC) I - WIRTIE 31 )5 2 50519 23k
P S0 2 R FE3 995 #5- 1 (human immunodeficiency virus-1,
HIV-1) R i 55 52 A0 K — 16 G ) 4 Jif DR
1) 55 A1 2 [ i S8 SR PR 7o TNF o)™, 45 28 ik
P4 28 1 (myelin basic protein, MBP)!'*2, 32774 %% I
F(B2-integrin)®", Jifi A4 FL % 25 (placental lactogen)',
CD11c B27Y 3 BX & (1(CD11c B2-integrin)®!, 4% 1k
AR FBI(TGFRL)P, £ F 7 RUFE65 8 1L
AL/ NRRATT AR B A TR F-Aplatelet-derived growth
factor-A, PDGF-A)", T () — T8 [ 520 24 47
M5 45 R & R, Puran] L4545 2 #8444 1 JIE Plp1

FER N & 1 D 3G a7 (e AR & R G
RE IR R R A Y SO B, % 5 T 17 5PIpl AR
H B R R, 55— J7 1, Purask o #h— S8 5E K 3%
kB AHEEER . A BRI, Puran] B H O
()3 8 1 BEAT SO #7032 Puraddi 1 425 (1) Bk
W AGa- L 3) 8 H (a-actin)®21, JE K FF {744 B0,
CD433334 q-JJl Bk 25 1 (a-myosin)*, fas®l, gata-
20TRL Je A K A ) 5 (somatostatin) P14

VER FEHT R 2K 1 (amyloid precursor protein,
APP)Z ) ZARAE TR B — s i 1, Hogmag 5k
BRI T N2 5 Gt ik b . APPEIEASELIT 72
s BEARSY, 76K B 7 W AE H -5 Sl e
AT /N UR B IR, APPEEDR IR 1) e
IR SR I B 55—, XA I T R G 2 S A B
JSCER e WS N 3, TR T AR, HR IR T PR E — A
BARHIK o APPH Z R et 4, VF 250, {1
Wit L BN 40 1 A 8 28 450 TP X 8 e A AR T R B A A
[F] (11 APPAE B /K % 3 BK i (Alzheimer’s disease,
AD) IR Jpa el R i s BB A, — AN, 1%
TR ) B I nT B 45 0 AD I BE 2 A7 i
HEAEH, 0 n] B4 185 R UE 0 FF 2 11 T 22 Ik (amyloid
B-peptide, A-B)FJ* ZEMITTRA, JIf it 51 A fh 4 4141
[P 4, APPREAR I 28 0 70 B I S A IR T i,
T2 TO I A PERI S fl v S8, [RJIS, AT REOR
PR TC G T A B 35 534, CAT ST
SE SR, APPAE LR RE ] ifit /MRS Ak LA S S e 4
JHL T 453 4 R G R N 5 7 T B A v A D e

TATULAT BB 50 A B, N s DR 13 A 2
PuraXf APPRE R R IA A #4511 Pura
v, ILA5 R AR S R A e S A O T R RSB
HRTRAE TG . AR SO Pura s AN R 4544
WAEAPPEE R FIE V2 rh A AT T R R,
DU 7~ Purads 54574 5 DhReZ 1A A HLER 3R

1 MR57A%E
1.1 ##

PR 32 3K 3 AApCDNA3.0 DL Az 41 38 5t b 28 44
pGL3-basicHll & 15 APPJ 5 1-—170/+147 1) % & Jit
Fi 4 7KpGL3 basic-APP(—147/+170) % 7 52 4 25 -
175 USTMGH i Ay A S 56 T DR A7 Ko 3 J0kE Jir H 3]
(1) N V) M. dATP. 1% %% 5% 3 7] & (RevertAid First
Strand cDNA Synthesis Kit)}J iy 4 Thermo/\ #), T4
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BRI -

% ¥ . pEASY-T14 H TRANS Gen Biotech/A ],
IPTG) HMerck 2 @], PCR Mix#lireal time PCR Mix
5 HCWBIOZ #], Lipofectamine® 20001 71 & H
Invitrogen’a 1, Dual-Glo® Luciferase Assay System
XA H 3 [H Promega A 7], BCAT 7 &3 )8 1 9L 5
L) F], Purat AR I H 32 [ Abcam 2y =] (78 U A
1-1002 2 /R )7 41): MADRDSGSEQ GGAALGSGGS
LGHPGSGSGS GGGGGGGGGG GGSGGGGGGA
PGGLQHETQE LASKRVDIQN KRFYLDVKQN
AKGRFLKIAE VGAGGNKSRL), GFPH{ 1A [ 36
ORIGENEZ ], APPHL{ANE H Millipore A 7] . B-actin
FUAIE B ALt P S ARG IR A F .
1.2 FRAHEE

G, AR BT R P Purads 1) 45 # kit 47 A

fich /

Glycine-
53 107 131

Pura repeats

I (i R BRI R s, P Ay st T DU A e B ) TRl A
BT,

R AE _E3R #AE B BPCRE I M)(3R2). il it
PCRY™ 14 H L, 438 (I PCR7™ 4 347 B i i vt
B2 F K R BT 43 1 R, IR0 g3 1 e b T 4
— 30 B R BT ali A A R, Ai4GT B 14
T T 22 P AN AR I NABEAT 1 — 20 1 3. v B, 4 Hltaq
polymerase MIdATP#E72 °CAE FH30 min5g B A %t HIA
R B A INAJG IIPCR T BE S pEASY-T1 70 4
BT 4 58 O S P I R, R R N AR L6 °CoKH
BN ERE . 52 A IEE YRR Z S
AR, SRR e A R BB 215 A7 X-gal FIIPTG I
SORH AR MBRE IR b, B T37 CRE R
Ao IR VR IR IE B0G 34T 06 I BEIRTUE . BRI 1 3

Psycho  Glutamine- Glutamate-
motif rich rich
220

251 278 282 303

1 66 88 148

170 224 246 322

E1 PureEARGHRER
Fig.1 Schematic diagram of the structure of Pura protein

Rl Puro2 KRARRARERB R NREFR

Table 1 The sizes and characteristics of full length and different deletions of Pura

B 2 PNAN BRI 1 IR 1L A
Name of fragment Gene size Start and end of  Start and end of amino Characteristic
bases acids
Full length Pura 969 1-969 1-322 Full length Pura
P1 807 160-966 54-322 The glycine rich domain in N-terminal was deleted
P2 321 646-966 216-322 Including the 3rd class II binding domain and C-terminal
P3 651 1-648 1-216 Complement of P2, containing N-terminal and preceding 4
DNA binding domains
P4 435 253-687 85-229 Lack of N-terminal and C-terminal
2 WItHISI4
Table 2 Designed primers

5149 Fe3

Primer Sequence

Pura-F 5'-CGC GGA TTC ATG GCG GAC AGC GGC AGC-3'

Pura-R 5'-CCG GAATTC TCAATC TTC CCC TTC CTC-3’

P1-F 5'-CGC GGA TCC ATG CTG CAG GAG ACG CAG GA-3'

P1-R 5'-CCG GAATTC TCAATC TTC TTC CCC TTC TTC CTC-3'

P2-F 5'-CGC GGA TCC ATG GAG CTG CCC GAG GGC ACC TCC TTG-3'

P2-R 5'-CCG GAATTC TCAATC TTC TTC CCC TTC TTC CTC-3'

P3-F 5"-CGC GGA TTC ATG GCG GAC AGC GGC AGC-3'

P3-R 5'-CCG GAATTC TCA GGC CGG CTC CTC CTC CAC TCC GTA-3'

P4-F 5'-CGC GGA TCC ATG CTG AAG ATC GCC GAG GTG GGC GCG-3'

P4-R 5'-CCG GAATTC TCA GCG CTT GTT GTC CAC AGT CAA GGA-3'
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FELBRE 53 v o 5 77, SR HUTOR - i ) %5, %
s 5 s Sk B HLR /IS TE AR V) R BEAT Ve (R
B Jim K IR 1) 7 B e B 2lpCDNA3.0 ST A% 3R 1A 3 ik
ki, fH 2, K IR i ApCDNA3.0H] BamH
15 EcoR DXV, Alidk [l 46 PR AL I UADNA, 5
[Fi] £ il D) 1) Puraule 2k 548 (1 R BEAE 16 °C/K B ER
B R ROER:, AT A AR PR TR R
PETORL, WL %, B 2T I R A e AT E
1.3 wAHRAZHREERELRE

H ¥y 3 4 () 5k 5 pGL3 basicbA 2pGL3 basic-
APP(—170/+147)4 3 J5 ki L % Y BIUSTMGHH iy
S5 2 MiInvitrogen 2 7 ¥ Lipofectamine®™ 20001 7]
UL AT . 0 M e AR5 7748 h, kAN it
T8 . W2, 7 R s et P G 9738, AR5
FHPBSYE e 4l i, FH 19 I K 4 i D5 i B A
K, 1000 r/min 2505 minCEE 40, 2R 5 A 100 pL
1xlysis bufferyi {41 P40 Ml B2 . Bl S, HXS0 L
IE AR ABOINBI96FLIN AR b, BE H SR g
271343 51 i A 50 uL Dual-Glo® Luciferase Reagent
F1Dual-Glo® Stop & Glo Reagenti® 7], JHJCentro LB
960BEA Tl 5, £EMikrowin20007% JE X #% -, 4 I 58
[5 Promega /s ] E ;= [f)Dual-Glo"® Luciferase Assay
SystemXif 7 <Kk HL%¢ 't 2 B 3G P 3EAT 00 %2, FRenilla
VE NS R E B Y3

1.4 SERFEZPCR(Real-time PCR)

¥ A 2 % DhPurauiel 3% T A8 R N 23 AR 4y )
PLUSTMGHN i, 157748 hJi, F Trizoliki$ U 4i i &2

%3 Real-time PCRAIS|4)
Table 3 Primers for Real-time PCR

519 h2 ]l

Primer Sequence

APP-F 5'-ATT CTT ACA CCA GGA GAG-3'
APP-R 5-GAATCCACATTG TCA CTT-3'
GAPDH-F 5'-GAG TCAACG GAT TTG GTC GT-3'
GAPDH-R 5-GAC AAG CTT CCC GTT CTC AG-3'

RNA, HINanodropZ) )it B A X RNABEAT 5E &, 24
Digo/Daso(E2.0 75 A7 ) BEAT 55 5%, Al Fl Thermoif #%
SRR B AT 10 B S5 I B BieDNA, 48 J5 K & BT
cDNA i B 1045, B2 pLH 9¢ Y6MixiE 17 Real-
time PCR, HBio-Rad CFX96™ Real-time Systemi/f
ATRIN . PCRI NPT FH I 514 W43, B 4 Hg R
¥ W24, FIGAPDHYE N % .

1.5 FHB R %% ENIE(Western blot)

Y5 A4 8 B Th Puraed 2 328 2 4 AN 2 B4k oy il
PLUSTMGHN iy, 155748 hii, W AE4H L. HI¥A1PBS
VRN LS, T 0GB 1 T s 500 R0 6% 1 A o)
FPIRIPAZE M 2L AR 0 M, 200 ok 2 AN 1) 440 R e
J, FIBCATR TS 4t M v il kAT 8 1 e = .
40 pg i H T 1R 20 0 2R A 0 A T 2R AT s I M e
Hi K, HLVK &S RS HEENSIPVDERE, 5% I Wk v
AT B, — P14 °Ci B I, TBSTUEBS K, %F
K5 min, 285 IIAAH R — 4, Zi N i%H 120 min,
TBSTYE 5K, FHIODYSSEY CLx#EAT K ill. — 3t
L 1:1 000, GFPHLAALLAI1:1 000, P Z:B-actinLtfil
1:3 000, 9¢56 - Pr L 1:5 000,

1.6 FiItEDR

S0 H 4 DL 38 b fE 2% (vks) 3K 7R, FISPSS
20.048 TH AT BEAT G vt 2% AR 3, R FH S R 3 7 22 90
Hr, 2 410 LLi FHLSDYZ AT ¥ 5 (a] ¥y 15 Lh e, A
KK E0=0.05, SEERIY 3K LL L.

2 HR
2.1 pCDNA3-Puref K & TR TR H R ATH
BE5EE

JiT ) 22 pCDNA3-Pura4x £ J PU A~ 58 48 1A 4
2 W% L BOAR T — B(K2), IF IR AT 2>
BT LA — 2B 1
2.2 PuraXfAPPEE R 31 FRi&E BRI

S A S 01 5 A7 Pura /S [ 45 R4 480 1) A% Rk 2

%4 Real-time PCRY 1Ei2/F
Table 4 The amplification procedure for Real-time PCR

L RIECC) i ) TEER 2

Step Temperature (°C) Time Number of cycles
Initial denaturation 94 3 min 1

Denaturation 94 30s

Annealing 60 30s 40

Extension 72 45s
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Glycine-rich

1

DNA binding region

Psycho motif ~ Glutamate-rich

| R

— Il

1-321 aa

54-321 aa

216-321 aa
1-216 aa

85-229 aa

PuraZ5 7R, A7 T D R ISIUDNASE & X AL & =AM TR ST SR 2 F L 751, B IIN-3i & w8 & HER, C-oi & — BB R 5 2t

i A AR i X o FA I L BOR/IMA d Pura )y Be %

The structure of full length Pura. The central DNA binding region contains 3 class I and 2 class II repeats, the N-terminal has a glycine-rich domain and

the C-terminal contains a psycho motif and glutamine and glutamic acid-rich domains.
B2 PuroBIZEH IR 28 T E LRI Puroik X F R EE

Fig.2 Schematic diagram of Pura and its various deletions

N YV ™ D
& @3 @3 @3
QQ QQ QQ QQ QQQ
S &S TS
SN SR S, S, &
F & L
¢ ¥ ¥ ¥ 9

M

bp

5000
3000

1000

500
300

JIT R A FIpCDN A3.0-Puroc s 1 LU AN [7] (i 5k S8 A8 A% 2 Jokit
EcoR I BamH DY) 5 BEAT BTGB R ALk i) B %, P Sl ool A
J1 B RN S BB

The constructed full length Pura in eukaryotic expression vector
pCDNA3.0 as well as their various deletions which contain the different
domains of Pura. The constructs were identified with endonuclease
cutting (EcoR 1 and BamH 1). The agarose gel electrophoresis
demonstrated that the size of inserts was consistent with the
experimental expectation.

El3 M2 RREEYIEE

Fig.3 Identification of constructs with endonuclease cutting

A&, 4 KPuralh Ko FH A 68 I 45 1 2K pCDNA3.0
5 EHAPPELA 3 8)) 1 1) 5 D't 28 I A o TR 2044
PGL3 Basic-APP(—170/+147), 43 5| 3 # YL $#|USTMG
4, SR )5, FPromega /s ) i) Luciferaseif 7] & 46
I 25 't 2% Il T P A VP Ak 25 A7 AN [) 25 ) 355 PRy Purodii
KRR APPIA B G E g .. 45 R8s, 5
X HE AL AR B, Pura 4 KRS A A R 45 74 38 1 Purasdit

Relative luciferase activity

#P<0.05, 50t AL LA .

*P<0.05 vs control group.

E4 £KPuraR 2 RELEHFAPuraiR R REREZR
BRI APPE R B 3 FiE RS2

Fig.4 The effects of full length Pura and its deletions which

contain different domains on APP gene promoter activities

RGEAZARSTAPP 3 811~ (0375 1 #RAT AN [R5 1) 461
VEF(B4); 554 K Purakf] B, 254N AS [ 1) ke 2k 58
AR R R A B BBRN- s & H IR
X5, E {5 45 58 22 115N DNAGE &5 X 38 F1C-3 5 75
DA B E e UL S Psycho AR [P 1T 52 1) 5% Wi
L/, vk b 25 Bk 555N DNAGE £ 48 R C-3it [ P3
SARAK; 1 5 P3AE A EHANAIP2, AR TS
DNA%E & X ek DA K 58 3 -3, T L35 1k 1k 32 391
S, [R] 25 BRC-5 FIN-3ii 15 41, 1A% B SANDNA %5
A XA, WX APPIE 3 H R4 0 B k58 o
DA b 45 S0 B, 45 Purodi D) 45 74 1) 58 20 X6 Pura
(49355 1k 2 AE 5 T 1, Pura Xt APPJE 21 1% Pk (1
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EO] BEAE T 55 1 81 554N DNAGE & X 8, [ I 42 /0 3
Y FE C-iig FAN-3iig (AT — A S5 R IR 8 38, 2B H M
AR iy 45 A6 19 50 2, B OR B 4> 5N DNA &5 14 158,
Puro {35 IR 32 2500 o
2.3 PurefEmRNAZKFE _E3FAPPEEFRIERIE M
T 3k € PuraF mRNA K 1% APP3E
DRI IA R 43 A Y, FRAT DA A 2 1) 3 AN [) 45 A Sk 1)
Puradift 2K 58 A8 A4 1) FLAZ 4 3k 244 5k (pCDNA3.0-
P1. pCDNA3.0-P2. pCDNA3.0-P3 fllpCDNA3.0-P4).
A K Puro B A% 2 18 UK T R pCDNA3.0-Pura LA A& H
T g 0k ) B0A% 2Rk A% (1 A IR pCDNA3.0 4y

1.5+

1.0

0.5

Relative expression of APP
*

*P<0.05, A AL .
*P<0.05 vs control group.
El5 £KPuraREEHFEIEIEHRERERITAPPE
H FRiZEmRNAK T _EAIEG
Fig.5 Effects of Pura and its deletions which contain the
different domains on the expression of APP gene in mRNA level

(A) N DD
o %-Qg 5-°g %Qg . o
AadPEN oINS GEN o\ SBPN, o
QQ% QQ% OQ% QQ% QQ% Na
YRR 9
APP . e .h B 117 kDa
J -~
e ~ 34kDa
- — “60 kDa
GFP-Pura o =
— < 375kDa
B-actin I‘:  ——

A H A G BN 2 K Puradi (USRS
HHATRE T, *P<0.05, 50T IRALLLAL

A Fe BUSTMGHH M, 4R 5 $2 B4l i SIRNA, i
1L qPCRAS W AN 7] I Puradilt 2% 58 45 4 ot APPE K] £
mRNAZK ¥ B 2. 45 1 WK, Pura bl S AN [R] ()
Bl R S ARAA N APPFHEIAEMRNA /K- _E# AT —5E 1)
s, HoE %A 5 Luciferasef) SE 56 45 B FEA [ g — 2
(1), 2K [FPuraXf A PPAEE R /EmMRNAZK Y47 B & (1)
REMR, T AN AR 2R B 9 AR A 5 4 K Puradt] L
(E15), e 52 i 1 2SR 2w Ok FRAIR, (HP1AIP3 1) 52 M
WOR ELP2 P4 i B
2.4 Puroff EHKFE EIFAPPEERKIZEHIF N

H T BN A [ Purash #8064 PPHRE R
TEE E K EREH, AR 2K ) Pura i % K ik
Z ARpCDNA3.0-Pura Lh S it #a 1R 5 47 AN [F) 1 &5
o 3l (1) e 2R 58 A8 A 1) L A% 3 18 4 A pCDNA3.0-P1
pCDNA3.0-P2. pCDNA3.0-P3fIipCDNA3.0-P4 73 %l
He FIUSTMGHI i, 48 hm Wk 4i i s 25 (1 b4
B 9% BN IR S 56 LA A BT APP AR 13 RIE TS 0, A
0 A 58 Puracit [ AN 7] (1) 45 14 3806 APP £ 11 308 R 5%
MR g RN, SX AT LG, AR Puradh 2k
SEARAANT APPEE [ [ R IA H A AN R FE (R 4 /E
1 LApCDNA3.0-P3 X} APPH 17112 1) 5 W 4 H e A
B . APPEE RIS EH 5 HAEmRNAJKE E 1)
SO IEA R — 3. T R Puradds 17640 L 1)
2%, [A] I 38 1 Western bloti 1 T 41 i P Puro it
I ZRIA T B, 1T B H (W Purod i A4 i 1R 1| Pura
) 1~100%0 1 1R 7% 5, IFAS Rk 58 4 U LAt
Bl R SEAR AR B FEIB G O, R A T 75 47 GFP-tag

B)

—_
W
1

—
=]
r

Relative quantity of APP
o
w

A: the effects of full length Pura and its deletions which contain the different domains on APP protein expression; B: the results of Western blot

analyzed with densimetry and quantified. *P<0.05 vs control group.

El6 ERAS&ZENED G S R E LB Puraik K RERITAPPEE FIZHIF N

Fig.6 The effects of Pura deletions containing the different structural domains on APP gene expression detected by Western blot
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ST

() il & % 15 9% 48 #RpEGFP-C1-P1. pEGFP-C1-P2,
pEGFP-C1-P3 fIpEGFP-C1-P4, #X Ji i i k5 | GFP &
PR3 TE 7K PR 18] 4 1 s W Purocs 45 44 2 1176 40 it
W IR RIETE DL 45 SRR, P ik 2k R AR AL 41
i A AT AR AP I IA, 10 HL PuraXs APPER 4 i () 21k
ARG SO E (8 6).

3 1Tt

Puroft: —N 2 Ufg AL 15, FL8L A SR 0 P
H1 A B B GE AR ORSEIC e R LA — P A
PEM 7 (& B GCIX IR I GGNE & )P 414 & T bk
DNAFIRNA, Pura/EDNAS il Fl4 s 7 HIEE A5 2 Pl
BRI, Bt — P ERNA SN 7 U3 I E 2T
RO, Puront— R TZ RIA R T, AR R
TN R B R SRR S R AR S i, E /S
B A R i & 7 IR 34, Purocl 1 5 1) 6 A ARARG, AR 17
RIS R, ARG T, AR 18 dIAF
U, SR PuradfE 15 75 — AN AN 3R I Rk /K
B, BEAh, BT e N S EEZ 4h, Pura
TEM T st P i S AR s . Rl A
SR 73 SCAL, Pura, REAZBEAARF A B iz N AN —
% H #% 55 H (heterogeneous nuclear ribonucleoprotein,
hnRNP) LA —FP & 5 R E A7/ PuradS A7 B T
YEFP LA AR E VE, e R PE A 2 rp A R e
MERIE. fEFRANE RS, DALUESE T Pura S 5
mRNAFL IS FIFH PR PR L7,

Puroff] 85 [ J5 45 #4740 $5 = K38 43 N-diig (1)
B HERX . C-fpsycholifh . & & 72 2 ik
¥ R4 24 1 X 8 DA S S [(IDNA S & X 3. & 11
DNAZ; & DA 5 3N R L P HI RN 2K R T
B, 5 B F66~88. 102~131. 148~170. 188~120
H1224~246/7 24 FEMR X $5(E] 1) Graebsch: 1 i X-
SERRT I o3 M IR, Pura s A e F FEHT S AT — A
] - A% R 45 AR 1l o Pura S5 A% IR IR &5 4 & i 1L
A O X I A3 11, T SR X3 R £ R AN A2 1
MG . GraesbehZ5EHA K B, H i Y Pura A 40~185
758 R A AT P AN BT LA BH B AT 11 45 4 B A
i, w4 A PUREHR”, XA EEFHIM EAF
FH T BcPura ) 45 #4935k, 171 HDNARIRNAZS & 5556
WA TGS TS AT TIRe . AWTTTEs
FABUE S, PREFIXAS DX 345 14 11 56 0 4 FF Puralf)
IhHE S A B (P URIP3 SEARAA), 1 I 1% A X 45 (P2)

25 S miPuralff) By g . 1ok AW 5E 8 & B, Pura
(R 9875 ] 2E5q3 1.3 2 25 B AE 1) 78 2 5 L W 28 1)
WA JLLEK BB e A B RERY . 534k, Hunt
SO b 4> JE PR AL P R IR, Pura) 58748 2 5 i B
Az JLAR G A S0 T R R A (1 S5 LSRR, nl 5 B
L ARG B IR SR B

RO IR R T R P A L ) B 2 b i R 4T 4
PESE R FEBUUR (AR HY B, X Bl i M AE B2 ik
Sk Ve B BE BT AR R FIAPP) I RLARAY, DG WFTL R
B, Purak (150 %F APPSR 3R IA G F0 2 7F FH Y,
FLAE WL AE T Puras (1T LS5 APPIE R 3)
S'UTRIFE 51 7 51 46 &, Tl T Egr-1%f 4PP
5 DAL A R s A 5, {H, Purodl (1 RAE(E 4T
AR FDNAGE & X 3, 58 50 /& WA 45 & X A T 4%
APPIERFRIE R AFAE FEAEHIVE? FoAT 1AW SE
W] 1 Pura 1) N-iig F1C-ity A 4 FF PuraE #0351 A 7 5
ERIRIFRAT o Purait ()5 AT LA F M 84 PPEE TR 1) 22
i, M R AEsk > A BRI HE RN 6 i A (R DTAR, I %)
BT R R BRI R T RGBT B EE MR L. &f
W9 R, APPIE—Fh) 2 RIE & (1%, A
A R RO R ST, 5 R IR a2 A TR,
I H A SR A EATE . RN AR, APPEE A 5
IKPAE AR T 58 2 8 I dpe i, 3K 5 SR T e 1) v Ve 3
R, 18 RAF DG B0 BRAR B — AR KT

NF/N R IKAPPS 8) 1 #B 6 Z A% 45 IR TATA R
CCAATHL, HIERE T2 HGICHIFY. Cafit
FOUESE, AFVNRAPPIS 8) 74 WL R 1P 5 A,
APPJR B TiE A M A i rp dpe o SEIT G Sl 4
B85 I VE 22 3 3 1 oG A4 X i 3 1 3 P G
[, AFI/NAPPIR ) ¥ 1 & & G/ICIRSF T4, 1
K A B B B LA KA I 41 2R (¥ #h 28 0 H 244 Pura
FIEgr-11 R WATLLAT ORI C 4RI, Pura
Tk ik 0 APPHE R R IAAE AT A SOl P4 B, i
BEAH SR, Egr- 14 APP #2328 W) Ay 1 8 42 4 1),
PR AR R 1 #8 TT DLS APPSR B 1 S"UTR A RE S A7
LGP, S T 3BT Pura R [ (1 AN 7] 45 #4935
XTAPPJS Bl ¥ AEH, BATHE AT s 56 Sl |, %
T 1 AN ) 45 K 35 PR Purodile 26 9 A48 44, 38 et G %
APP 3 8)) 135 1 (0 5 00 2K 2 A vl R4 A VR IR 4544
o FRATTPTBETE IR DY A S5 0 AN IS AR, AN
(1977 TR WL S Pura i 14 5 D) BRI G R o FRATTET 5620
590 XNty R C-3itg R T BEREAT T A%, 5 42 K I Pura



25K A Purat [ AN ) 45 80T A PP PR 33K (R R 454

1285

FHEG, S5l AT AR] — > R i 5 23 6 Pura ) D) B A7 5% Wi
(PURITP3), fHUE R 25 BRI AN A sy 2 J B 56 S b f
F Purat X 15N DNASSE & Xk, SR 1M Puro #3514
K252 W (P4), LR W, & & H 2R IAN- i A
TR S A W 1R C-Sim 0 4E FF Purad ¥y Ty g & AN AT
BBk IG . I LUELAE P A1) B AN P2 5P3, ATk
W Pura s [0 APPJS 5)) FDNAR] 45 & N AZ AL /44
DNAZ%E G474 b, X 5 Graebscha®5* 4% 18 [ Purase
W R RO X S IR I 45 G — 30 o T
IS UFTRATI S50 45 5, FRATVHE P ) 2 4 el 2R 5
A 5 4 K Pura B A% 3R 08 JBURE 2 4L 2 USTMG A
B, 43 55138 i Real-time PCRFIWestern blotfE 4% 5%
FIFIE AP EAT I Puradift 2R SSA AR A/E I . 45 4%
M B, 4Nl 2 58 AR AR A PPHE DR 6 T8 1) 52 i i 37
AU, Ui B Purally B8 1) 4E 7 75 2 22 /DN-ig 8L C-
Ui (R AAAE, 22BN R i, A IR BT SASDNASS 547 1
AN CLYEFFPuraf) D) g . AR SON Purad [ it 1 45 14
HOygedi Ak AT TS, H AT v AR L E ST
SR RIE .

Purot] #f1 48 22 48 1K) K & 1 5 20 O iy ST
o ik = Purallf, HAE S/ B BE A7 354 R,
1 Puradit RS 7N B i L 28] (R 3 R e 28 ke B 1)
PEHL R BE S Puradt K B I RE R FR A S 3G B0 A
SPAT IR, Puraff) R IE KA A f510 diB 251 v, 3
S 3 JE I IS B I AH S, T Purock DRI R B 5 /N Bl hy '
FR M TT R E G FRATTELT TSR
SERTT T Purost APPHE P 2 3K () 1245 0, iy
W B Purof) 25 A6 SN A PPRE DR Z 3 1) 57 Wi 4 FH B2
AL M Puraff) 45 ¥ N T, 8l ik i 57 Puradi [ 45 #4935
XD RER sE M, BE— P05 T Pura bt 5 D RED
ZATH R 248K, Pura s 5 1DNALE &7 /A4,
H T R RN S R AT VRS BT, B
ATt — DR g T 2 A [ R 2k S8 AR A, S 2
045 R IR, [l 7R BT AN SR AR IR 45
SIS >R — 20 B A Purootf A PP PR 3 128 1A 428 11 7
Bl

S Z 3k (References)

1 Haas S, Gordon J, Khalili K. A developmentally regulated DNA-
binding protein from mouse brain stimulates myelin basic protein
gene expression. Mol Cell Biol 1993; 13(5): 3103-12.

2 Haas S, Thatikunta P, Steplewski A, Johnson EM, Khalili
K, Amini S. A 39-kD DNA-binding protein from mouse

brain stimulates transcription of myelin basic protein gene in
oligodendrocytic cells. J Cell Biol 1995; 130(5): 1171-9.
Bergemann AD, Johnson EM. The HeLa Pur factor binds single-
stranded DNA at a specific element conserved in gene flanking
regions and origins of DNA replication. Mol Cell Biol 1992;
12(3): 1257-65.

Bergemann AD, Ma ZW, Johnson EM. Sequence of cDNA
comprising the human pur gene and sequence-specific single-
stranded-DNA-binding properties of the encoded protein. Mol
Cell Biol 1992; 12(12): 5673-82.

Ma ZW, Bergemann AD, Johnson EM. Conservation in human
and mouse Pur alpha of a motif common to several proteins
involved in initiation of DNA replication. Gene 1994; 149(2):
311-4.

Liu H, Johnson EM. Distinct proteins encoded by alternative
transcripts of the PURG gene, located contrapodal to WRN
on chromosome 8, determined by differential termination/
polyadenylation. Nucleic Acids Res 2002; 30(11): 2417-26.
White MK, Johnson EM, Khalili K. Multiple roles for Puralpha
in cellular and viral regulation. Cell Cycle 2009; 8(3): 1-7.
Johnson EM. The Pur protein family: Clues to function from
recent studies on cancer and AIDS. Anticancer Res 2003; 23(3A):
2093-100.

Gallia GL, Johnson EM, Khalili K. Puralpha: A multifunctional
single-stranded DNA- and RNA-binding protein. Nucleic Acids
Res 2000; 28(17): 3197-205.

Johnson EM, Kinoshita Y, Weinreb DB, Wortman MJ, Simon R,
Khalili K, et al. Role of Pur alpha in targeting mRNA to sites of
translation in hippocampal neuronal dendrites. J Neurosci Res
2006; 83(6): 929-43.

Kanai Y, Dohmae N, Hirokawa N. Kinesin transports RNA:
Isolation and characterization of an RNA-transporting granule.
Neuron 2004; 43(4): 513-25.

Darbinian N, Gallia GL, Khalili K. Helix-destabilizing properties
of the human single-stranded DNA- and RNA-binding protein
Puralpha. J Cell Biochem 2001; 80(4): 589-95.

Wang H, Wang M, Reiss K, Darbinian-Sarkissian N, Johnson
EM, Iliakis G, et al. Evidence for the involvement of Puralpha in
response to DNA replication stress. Cancer Biol Ther 2007; 6(4):
596-602.

Wang H, White MK, Kaminski R, Darbinian N, Amini S,
Johnson EM, et al. Role of Puralpha in the modulation of
homologous recombination-directed DNA repair by HIV-1 Tat.
Anticancer Res 2008; 28(3A): 1441-7.

Chen NN, Khalili K. Transcriptional regulation of human JC
polyomavirus promoters by cellular proteins YB-1 and Pur alpha
in glial cells. J Virol 1995; 69(9): 5843-8.

Krachmarov CP, Chepenik LG, Barr-Vagell S, Khalili K, Johnson
EM. Activation of the JC virus Tat-responsive transcriptional
control element by association of the Tat protein of human
immunodeficiency virus 1 with cellular protein Pur alpha. Proc
Natl Acad Sci USA 1996; 93(24): 14112-7.

Chepenik LG, Tretiakova AP, Krachmarov CP, Johnson EM,
Khalili K. The single-stranded DNA binding protein, Pur-alpha,
binds HIV-1 TAR RNA and activates HIV-1 transcription Gene
1998; 210(1): 37-44.

Darbinian N, Sawaya BE, Khalili K, Jaffe N, Wortman B,



1286

\

WFTIRIL -

20

21

22

23

24

25

26

27

28

29

30

Giordano A, et al. Functional interaction between cyclin T1/
cdk9 and Puralpha determines the level of TNFalpha promoter
activation by Tat in glial cells. J Neuroimmunol 2001; 121(1/2):
3-11.

Tretiakova A, Steplewski A, Johnson EM, Khalili K, Amini S.
Regulation of myelin basic protein gene transcription by Sp1 and
Puralpha: Evidence for association of Spl and Puralpha in brain.
J Cell Physiol 1999; 181(1): 160-8.

Wei Q, Miskimins WK, Miskimins R. Stage-specific expression
of myelin basic protein in oligodendrocytes involves Nkx2.2-
mediated repression that is relieved by the Spl transcription
factor. J Biol Chem 2005; 280(16): 16284-94.

Kong T, Scully M, Shelley CS, Colgan SP. Identification of
Pur alpha as a new hypoxia response factor responsible for
coordinated induction of the beta 2 integrin family. J Immunol
2007; 179(3): 1934-41.

Limesand SW, Jeckel KM, Anthony RV. Puralpha, a single-
stranded deoxyribonucleic acid binding protein, augments
placental lactogen gene transcription. Mol Endocrinol 2004;
18(2): 447-57.

Shelley CS, Teodoridis JM, Park H, Farokhzad OC, Bottinger EP,
Arnaout MA. During differentiation of the monocytic cell line
U937, Pur alpha mediates induction of the CD11c beta 2 integrin
gene promoter. J Immunol 2002; 168(8): 3887-93.

Thatikunta P, Sawaya BE, Denisova L, Cole C, Yusibova G,
Johnson EM, et al. Identification of a cellular protein that binds
to Tat-responsive element of TGF beta-1 promoter in glial cells. J
Cell Biochem 1997; 67(4): 466-77.

Zambrano N, De Renzis S, Minopoli G, Faraonio R, Donini V,
Scaloni A, et al. DNA-binding protein Pur alpha and transcription
factor YY1 function as transcription activators of the neuron-
specific FE65 gene promoter. Biochem J 1997; 328(Pt 1): 293-
300.

Zhang Q, Pedigo N, Shenoy S, Khalili K, Kaetzel DM. Puralpha
activates PDGF-A gene transcription via interactions with a
G-rich, single-stranded region of the promoter. Gene 2005; 348:
25-32.

Muralidharan V, Sweet T, Nadraga Y, Amini S, Khalili K.
Regulation of Puralpha gene transcription: Evidence for
autoregulation of Puralpha promoter. J Cell Physiol 2001; 186(3):
406-13.

Carlini LE, Getz MJ, Strauch AR, Kelm RJ Jr. Cryptic MCAT
enhancer regulation in fibroblasts and smooth muscle cells.
Suppression of TEF-1 mediated activation by the single-stranded
DNA-binding proteins, Pur alpha, Pur beta, and MSY1. J Biol
Chem 2002; 277(10): 8682-92.

Knapp AM, Ramsey JE, Wang SX, Godburn KE, Strauch AR,
Kelm RJ Jr. Nucleoprotein interactions governing cell type-
dependent repression of the mouse smooth muscle alpha-actin
promoter by single-stranded DNA-binding proteins Pur alpha
and Pur beta. J Biol Chem 2006; 281(12): 7907-18.

Subramanian SV, Polikandriotis JA, Kelm RJ Jr, David JJ, Orosz
CG, Strauch AR. Induction of vascular smooth muscle alpha-
actin gene transcription in transforming growth factor betal-
activated myofibroblasts mediated by dynamic interplay between
the Pur repressor proteins and Spl/Smad coactivators. Mol Biol
Cell 2004; 15(10): 4532-43.

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

Zhang A, David JJ, Subramanian SV, Liu X, Fuerst MD, Zhao X,
et al. Serum response factor neutralizes Pur alpha- and Pur beta-
mediated repression of the fetal vascular smooth muscle alpha-
actin gene in stressed adult cardiomyocytes. Am J Physiol Cell
Physiol 2008; 294(3): C702-14.

Darbinian N, Cui J, Basile A, Del Valle L, Otte J, Miklossy J, et
al. Negative regulation of AbetaPP gene expression by pur-alpha.
J Alzheimers Dis 2008; 15(1): 71-82.

Da Silva N, Bharti A, Shelley CS. hnRNP-K and Pur(alpha) act
together to repress the transcriptional activity of the CD43 gene
promoter. Blood 2002; 100(10): 3536-44.

Shelley CS, Da Silva N, Teodoridis JM. During U937 monocytic
differentiation repression of the CD43 gene promoter is mediated
by the single-stranded DNA binding protein Pur alpha. Br J
Haematol 2001; 115(1): 159-66.

Gupta M, Sueblinvong V, Raman J, Jeevanandam V, Gupta MP.
Single-stranded DNA-binding proteins PURalpha and PURbeta
bind to a purine-rich negative regulatory element of the alpha-
myosin heavy chain gene and control transcriptional and
translational regulation of the gene expression. Implications in
the repression of alpha-myosin heavy chain during heart failure.
J Biol Chem 2003; 278(45): 44935-48.

Lasham A, Lindridge E, Rudert F, Onrust R, Watson J.
Regulation of the human fas promoter by YB-1, Puralpha and
AP-1 transcription factors. Gene 2000; 252(1/2): 1-13.

Penberthy WT, Zhao C, Zhang Y, Jessen JR, Yang Z, Bricaud O,
et al. Pur alpha and Sp8 as opposing regulators of neural gata2
expression. Dev Biol 2004; 275(1): 225-34.

Sadakata T, Kuo C, Ichikawa H, Nishikawa E, Niu SY,
Kumamaru E, et al. Puralpha, a single-stranded DNA binding
protein, suppresses the enhancer activity of cAMP response
element (CRE). Brain Res Mol Brain Res 2000; 77(1): 47-54.
Ohta M, Kitamoto T, Iwaki T, Ohgami T, Fukui M, Tateishi J.
Immunohistochemical distribution of amyloid precursor protein
during normal rat development. Brain Res Dev Brain Res 1993;
75(2): 151-61.

Mattson MP. Cellular actions of beta-amyloid precursor protein
and its soluble and fibrillogenic derivatives. Physiol Rev 1997;
77(4): 1081-132.

Lahiri DK, Ge YW. Role of the APP promoter in Alzheimer’s
disease: Cell type-specific expression of the beta-amyloid
precursor protein. Ann N 'Y Acad Sci 2004; 1030: 310-6.

Neve RL, McPhie DL. Dysfunction of amyloid precursor protein
signaling in neurons leads to DNA synthesis and apoptosis.
Biochim Biophys Acta 2007; 1772(4): 430-7.

Zheng H, Jiang M, Trumbauer ME, Sirinathsinghji DJ, Hopkins
R, Smith DW, et al. beta-Amyloid precursor protein-deficient
mice show reactive gliosis and decreased locomotor activity. Cell
1995; 81(4): 525-31.

Ohashi S, Kobayashi S, Omori A, Ohara S, Omae A, Muramatsu
T, et al. The single-stranded DNA- and RNA-binding proteins
pur alpha and pur beta link BC1 RNA to microtubules through
binding to the dendrite-targeting RNA motifs. J] Neurochem
2000; 75(5): 1781-90.

Khalili K, Del Valle L, Muralidharan V, Gault WJ, Darbinian N,
Otte J, et al. Puralpha is essential for postnatal brain development
and developmentally coupled cellular proliferation as revealed by



25K A Purat [ AN ) 25 I8 A PP PR 3 3K (R R 454

1287

46

47

48

49

50

51

genetic inactivation in the mouse. Mol Cell Biol 2003; 23(19):
6857-75.

Jin P, Duan R, Qurashi A, Qin Y, Tian D, Rosser TC, et al. Pur
alpha binds to rCGG repeats and modulates repeat-mediated
neurodegeneration in a Drosophila model of fragile X tremor/
ataxia syndrome. Neuron 2007; 55(4): 556-64.

Sofola OA, Jin P, Qin Y, Duan R, Liu H, de Haro M, et al. RNA-
binding proteins hnRNP A2/B1 and CUGBP1 suppress fragile
X CGG premutation repeat-induced neurodegeneration in a
Drosophila model of FXTAS. Neuron 2007; 55(4): 565-71.
Wortman MJ, Johnson EM, Bergemann AD. Mechanism of
DNA binding and localized strand separation by Pur alpha and
comparison with Pur family member, Pur beta. Biochim Biophys
Acta 2005; 1743(1/2): 64-78.

Graebsch A, Roche S, Niessing D. X-ray structure of Pur-alpha
reveals a Whirly-like fold and an unusual nucleic-acid binding
surface. Proc Natl Acad Sci USA 2009; 106(44): 18521-6.

Lalani SR, Zhang J, Schaaf CP, Brown CW, Magoulas P, Tsai AC,
et al. Mutations in PURA cause profound neonatal hypotonia,
seizures, and encephalopathy in 5g31.3 microdeletion syndrome.
Am J Hum Genet 2014; 95(5): 579-83.

Hunt D, Leventer RJ, Simons C, Taft R, Swoboda KJ, Gawne-
Cain M, et al. Whole exome sequencing in family trios reveals
de novo mutations in PURA as a cause of severe neuro-

52

53

54

55

56

developmental delay and learning disability. J Med Genet 2014;
51(12): 806-13.

Hoffman PW, Chernak JM. The rat amyloid precursor protein
promoter contains two DNA regulatory elements which influence
high level gene expression. Biochem Biophys Res Commun
1994; 201(2): 610-7.

Izumi R, Yamada T, Yoshikai S, Sasaki H, Hattori M, Sakaki
Y. Positive and negative regulatory elements for the expression
of the Alzheimer’s disease amyloid precursor-encoding gene in
mouse. Gene 1992; 112(2): 189-95.

La Fauci G, Lahiri DK, Salton SR, Robakis NK. Characterization
of the 5’-end region and the first two exons of the beta-protein
precursor gene. Biochem Biophys Res Commun 1989; 159(1):
297-304.

Sk, B, KR, ¢, ROk, #8545 Egr-1XTAPP
LD FIE I AR . b 40 B2 73 (Ma Lin, Zhou Yu,
Li Yongling, Chai Juan, Jia Zhongfa, Guo Ke, et al. Regulatory
effects of Egr-1 on APP geng expression. Chinese Journal of Cell
Biology) 2015; 37(1): 39-46.

Chai J, Li YL, Guo K, Jia ZF, Ma L, Sun T, et al. Interplay
between Pura and Egr-1 in the transcriptional regulation of
amyloid precursor protein gene expression. Ann Clin Lab Res
2015; 3(3): 20.





