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Abstract
e SUMOylation is a post - translational modification
consisting of covalent conjugation of ubiquitin - like

proteins called small ubiquitin related modifier (SUMO).
SUMO modification has been shown to significantly alter
protein activity, which can modulate protein stability,
affect protein - protein interactions, and modify protein
localization and trafficking. This process adds another
layer of control in eukaryote gene expression, and it
regulates both transcriptional activation and repression.
This article reviews the current situation and future
development of SUMOylation in ophthalmology.
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INZ FE M K AB M ) ( small ubiquitin related modifier,
SUMO) &M 52 Z MM E AR EBHIER, B
JEHATRZ GE ki 2 R ) Z MR ZREAE
M, ATAER KA JET SUMO &4 i Al SUMO 164 b 26
FSCE g kR, HEMFR R, K5 SUMO &1 i 41
B PN N7, SUMO 8 i % T 35 DR 52 3k R 66 ) 5 e
EF) AR SUMO 84 B e Xt B8 S & 4 G 1k 3 4 4
FH2 BB BTG 5% 55, ML AT B8 Ry X RS il S g By 257
HAR SUMO &4 76 IR RIS 52 A R KR A4 (5 B B
— B B HE R I B AR L BT 5 R, A SCLE AT AR R
SUMO &4 FIRIFSE , % SUMO &4 fE IR & 75 M R fa s 4
FErp I o i R AR DL 25 3A
1 INZERXERY
1.1 SUMO HIRMER 29z KAk B 2L 0 8 A i iy St
Hri& i, Bl SUMO & #fii ( SUMOylation ) , & — zh 45 1 &,
SUMO J&—28 2 A7F 76 T B A W i B PR i /N
FIGE(4rF Y0 11kD) , B8k SUMO 4 T 5EZHE 0 TH
FIETR T 5 R VEE DA 2 18% 0 — i = 4e4E iy 2k
WAL, TEMELEIYITh SUMO K R84 4 N T,
SUMO1,SUMO2,SUMO3 #1 SUMO4, FKEW G KE
A AR, SUMOL f& i 101 N EIEFRAH i £ K, EE B
M AR IR 25 R A9 8 1 BT SUMO2 1 SUMO3 43 il i 101
A~ 95 ANEFEEIRLH R, SUMO2 il SUMO3 T It A 97% ¥4
AR, (0 = 5 SUMOL A LA A 2 50% R IR, E 2 &
MR I T, SUMO2 1 SUMO3 [ i & i BAT SUMO
GEORST IS, BERS TR L SUMO £ 1A, SUMO £ 1K 7E
TR P 00 20 B N A7 S IR IR 2 28 Ah I fige 5 O Tl ke P 45
BAEAHY, SUMOL,2,3 AR SUh ¥4 %Kik, SUMO4
AT ANFRE R 95 AN SER 2 R4l A, AN
B E A G R 22 ANtk EL 2 2T 9 ) S b s, B RTYIRE
N,
1.2 SUMO it RS FEIEFO T ,SUMO F2
VAR AT AR A9 A7, SUMO &4l /2 SUMO 247y
g5 43 B0 EE A IR AR 3 Y B R R 1B A AR
SUMO &4 ML 5 72 2 AL AL, J& —Fh & L B iR ) &
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M, A T B R AR k7, SUMO 1 C K S Ay
FERFRHE, SHEN ¢ FIEMILHA P E R I M4 4,
SUMO i FRALHG PU 2L - (1) LAY B : SUMO fie S 72 LA
TeEE B W R X AF 7R, SR 5 B SUMO 45 5 7 & (1 il
(sentrinspecific proteases, SENPs) 7K it H: C K uwFr 41, U1
JUAE IR 288 C R IR Gly 58311 iRV ; (2) %
TEBT B Aos] AT Uba2 A4 R AY S R TE (LG E1, 38
1 IHFE ATP, 5 SUMO 1 C % Gly LAAEFLANEEIE Al 1 2
L1 SUMO Hr[a] 44 (£ Hh (B f& P SUMO 5 Uba2 9 16 M
Cys FRIETE 1 196 S 1 B 05 1k ) 5 (3) A W BL. W1k
SUMO %3 F MIE LTS E1 (49 Uba2 787 55 5 3 25 4 Tl B2
i Ubc9 I, Ubce9 (ubiquitin — conjugating enzyme 9 ) fi¥) i ¥4
37 25 Cys93 % HE A Bl T 88 AH 1% 2 i SUMO - Ubc9 ( Ubc9
JE—FEEA, B E N TLE AW, tal 2
PEFRETM) 5 (4) EHH B SUMO 1 Gly 7% 21l E3 1E
R, SHE A Lys BREEMN e—E LT KBS &, &
FERG B3 BOVE AR 3 SUMO S5H0E (i ek 2s 51

SUMO & i #8251 1) 961 42 R 3% 3k R 2 10 F R <F 1Y)
UKxE JEAH (2 — S 7K 2 5L R % O, K2 2 12, x
SERAE R AR E BRAER) . HF TN, fok—
FT N A 5 40 M AY B T A s T R L B
SUMO2 2 1 Z AR SF 751, $78 SUMO2 (#2111
AT i A Hoh Sz AL L
1.3 SUMO 1&4RIThEE  SUMO MR 51z % HA ML
5K (BT B A 295 — A o MR FE R BRI B ) | IR ST
WAFAE T A BEAZ AR, HRNZ R—FE, AT LS R
P R ST RS B, {1 SUMO 2 58597 04 F
) 1A R A e 2ok R B A TR B AR A AR A AR R
HEABRZEMWAHEER A5 DNA ZE M AHEAER
SRR F AR BTG | 8 M B 1 7 0B PN A o A S — kA
4, SUMO i fEFIZ 38 4 5 M8 (1 3640 45 & i I 5
AR R

W F SUMO &4 i F i H bR sk 15 DNA (145
B A SRR (H R TR AE W SUMO 1846 1A fiE
T S TR T v LA SR TR - 2 R A
SUMO & MiiB REHR 5 pS3 X T p21 BE LG e H AR
B A BB

SUMO1 EZLIEEETERAFAE, i SUM02/3 F 2 DIE
SRR, EOB RIS R S S TREAS AN
FEHE, G0, AR 58 % R ol 2E . tbsh SuMol Al
SUMO2/3 TEIRN SN (3R A 45 41 R AT 9 2 g
ARIAl, Saitoh 251U WIHR I , — 4156 (1 8% SUMO2 &1 5
WO 24k, Bl 5 9 2R B A R SUMO02/3 254 Fliz
REOAMARGBHEAIFUEEN . HE SUMO4 1) 6E
Fz b SRR W] SUMO4 ki NF-«B #5315
P, IA T BDBE PRI A
2 SUMO f&4fmiA= 4T 4R s 4k

TE 2% T By BEAR B 1 431 i =28 30 4 6 24 A sz =X 9 4
JCHF AR B R, A 2 ) B I) b 3R R R A
I ST DR 0 38 P 5 RS T R s, 3k 3 e 2 1 B R S 1B
MRSEER, R RS BT X B B R 2 Ak
2 ZAL 1 SUMO 1k, WF58 & B SUMO 1k 2 35 #E 3 1 01 1)
HRE A7 A ) SR R A PR 2 T S A T R A A
B IR AR FIEZS A Sh P00 0 BRI 9 5] 2 i 42 4%
PAR Bt BORETRY | SGIEZ SR AT 50 b < R4 20 A AN R AT
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YA , FUFT 20 Bt 72 5 6 TR 38 a0 8 5 R E I e, AL 41 i
WIS AR FIZE B R R @ ae ' X RO R SZ B A i
FEALBERY B i 22 68 T4 i oAb i ke, WL 4 i 4k T 1R T
G 12.5d(E12.5) & E17. 5, AT 408 4316 F E13 3
A S5 10d, Z2 68 20 B 1) A0k 41 AR A 2 A0 AT 40 B 43 1k Bk
LR R e O iR RN o MR o2 |
IR AT PR SRR AT AR Ni2e3 ! R I AL 5 22 S R hor e
Nrl'7) ) Hid Ni2e3 1 Nl 78R8T 248 i 310 o 00 o S ke
SRR, 51 2 R8T 41 M e AT 4R 4L

Onishi 25" 2386 Nr2e3 9 SUMO &1 %t i3 2 T 41 i
[ia] RUAT 20 L Pk 2 WA 2B Y A AT R 58 30 7 AR S AT 41
MU AR B, SUMO E3 % #5 JiiF PIAS3 & [ £ i5 T)
i, 2 IR PIAS3 i A0 Do) JI65 T 42 248 i 1) LA 2400 B 434
AR, Uk 2D PIAS3 B 2 308 T R AT 240 FH r 8 e S 5 B F)
FEI5, FERUFT 40 M 52 B0 5 0 A B AR LA TE 25, PIAS3
I e IR ol R B A A S R LR T Nir2e3 BUAFETE , PIAS3
1k Nr2e3 (9 SUMO &4, Onishi 25" #F — 2 #F 57 % W]
PIAS3 /31 SUMO &4 Nr2e3 , S 44 P 410 il 400 0 e S
FERF IR FF LT 0, M Ni2e3 1 SUMO 18415 , [w) i 5 i
T Nr2e3 K&K 28 A8 /Iy B ) B o B A 60 Nr2e3 19 39 14
A, Chip 20 BT 7 78 6 8% 32 25 40 i Hp O 1L R LA
FRSPEIL R BE SUMO 25 gk, (2 7E AR R Iak 3z 45 4t i 1]
UTRUAR 41 B A Al 2255 A0 e h W AR B X FR B 4
Onishi ZEHF5E B T Ni2e3 A9 XUE # A5 ALH], SUMO &1
SIS 22 BE 40 A 1 AR A6 200 A A AT 40 e A Ak B S T
FILRZR RIS AifF 5% 42 10 3R Z2 IR0 AL, 31 2. Ni2e3 2
it dnfar g SUMO B 7 B Ni2e3 A4 &4 F s
H: SUMO 47 LaBonne' " 45t SUMO & 46 il ¥ Ni2e3
AT A5 5 5 A1 198 50 0% B e o R A 4 S P 58 A1 %) 00
T AIERE . 4R R SUMO &4 (4 T R Xt A 58 18 1
JEE R & B AL A HEE X,

1E SUMO &4 % Nr2e3 098 4E A & Bla A A,
Roger %" & B3 — AT 41 i 43 4k 35 IR ——Nl. [ B 1] 4%
SUMO &M, Nrl 76 PUAF 20 M v 4 e 2635, HL 72 AT 40 it
(kT R < T BRI, Nl ol o i
N2e3 T TG A AT 4ol S 36 DR 26 S5 198 ) st o) 08 A o S
PERH B FIE . MEH A Nel 78 14 &b 5256 F 20 it PN 1 7]
i SUMO & 4fii , Nrl () SUMO 1813 25 2848 | 55 H T i3k
Nr2e3 FIHLE s s v R8>0

Zi E Rk, SUMO 18138 i3 855 Ni2e3 Al Nrl (1) 5% 5%
T L 5 e LT A0 M ) & R, AR R Y HL AN ]
Nr2e3 i PIAS3 ) SUMO 6 i 2 31 il 400 4 45 S L 4 32
TR BN SEI H Ni2e3 X 90T A4 S i D] 1 s SR 1%
P, SUMO &4 T 55 Nl X 028 o 56 PR A9 4% st o vk, {1
SUMO B/ J2 75 52 M) Nl Xef 408 S A2 35 DRI )40 i 46 P il AS
ERE L HATHEDN SUMO 841 ) Nrl £1 Nr2e3 1] G877 T[]
— R T E AR XA A AR = AT R S A
SR, FRAT A R G B AL T AT Ok e
FRAE FUFF20 SR ) SUMO $E 25 P & 3R,
3 SUMO f&1fi#i& p32 Pax-6

Pax—6 & T2 R 45 KIRIE A KB 0 BN
T2 Pax P Y , Pax—6 & ITEN /NS HESH Y
A 96% 1 [R5 1 . H Pax—6 B = AR Y T 44 7 T
WK /NI Z 18] 78 25 ¥ A sh i b s BE AR e A7
DNA FIEE K00 55 FE AR ST, Pax—6 1EIR & & Tk 4% 5
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FIVERT, Pax—6 3 A 28 A8 1Y /N B & AR il DR 1 8 s ke
BP0 NZRAY Pax—6 R 2 AR 5] rp oK o 22 2R S8 AR Y
JUEE BRI, Pax—6 FE 45 5 AR FE A B B B0 5 R IR &
FHE L, I Pax—6 XF 1E B LI IE i 0625 0 7 A £
% B B B, Pax—6 JE P RZIA A IR 1 J2 B8, Pax—6 Xt
PR LR35 358 B 3 A R A0 I~ 440 B 8 57 43 1 7 A A J2
i AN BRIk Pax—6 HEIH 5] A S 507 5 R
TR, A A JTORE s U] 53 350 S5 7 St bR AR 1y s B

Pax—6 P ZFFARTE A K AEAH R FE R B9 33K |, G &%
SRR T RIZE R 1, Pax—6 1975 M 52 0 R Ab/ 25 0 iR Ak W
PR AH Pax—6 & UNAT AT A [F] Zh BE AY o AS 35 48, Hop
— BRI Pax—6 18 1 A ) 1 85 1 W3 A IR 245 & A h
RIFZFINGE, Z/0 4 4 Pax—6 7 5L 70 4% 20 bt 25 0 ) fist
g & B, AR LA T Ay 45 N pa8, pd6, pa3, p32'
Kim %5 38 p32 Pax—6 1EHA B OLIE ARG 21k , Bl o
AT B p32 Pax—6 76K & HFAYBE S fa /N Y o
RN R, L FKIE p32 Pax—6 74 B RAE /N BT
FE/NIRER , B SRR

15y T /K, B p32 Pax—6 1E0R & & a0 & 453
REART20TEHE . Yan 255 JijE SUMO 4%t p32 Pax—6 i
B TEE R IEFTVE , p32 Pax—6 B SUMO & i % H 5 $1 J%
25 R S R e 8 A0 . FEAR SR S2 36 v 2oph
p32 Pax-6 Aig S P3 JPHI45 & (HANFNS p32 Pax-6 54
Pax—6 FLAAEBRAE R 26 SUMOT HifA 4 B 0 A% 26 (1 42 B
TS ,p32 Pax—6 fHAES P3 P HIAHLS &, RAMLE
i, SUMO1 & 1i 9 p32 Pax-6 g 5 P3 ¥ 345 &, H
SUMOI1 &4 A 48538 p32 Pax—6 ) DNA 454 fig 7171 L4
FEFELR, SUMOL HAERIRE B RAR B B £k E A
[,E9.5 ~El1.5 £k £ El14.5 ~E19.5 LR T,
FH] SUMO Bl it 5 IR 2H 414046 L £E £9. 5 JIA Bl
B R B e O ¢ 3] Pax—6 1 SUMO1 L5 37, 7F E11.5
3 U P R0 IR0 ST R A L IR B 2[RI RE R 2 % Pax—6 5
SUMO ZEARIH AN SR AR I B B i /K S A 52 7, 2  Pax—6
) SUMO &M W] fig 2 B2 & A 7E LB B . 40 SUMO & 1fii
"l g = AR N p32 Pax-6 RITIAE (1 )4’@@%5&
K-, SUMO &4 i] G i 048 p32 Pax—6 MY EE A5, A
M2 H DNA 254 fE J1. SUMO & Ui 38 i s 5% I 1 )
DNA 454G R8 180 WL (HARUAAE FHZE Hsfl Fl Hsf2 & A
A I SUMOT &4 ks Hsf2 A1 Hsfl M BA AR
DNA 255 X648 = K, -5 DNA 454, (2)
SUMO1 &4 Al BEECAE p32 Pax—6 FIHABTE A AYAH AR .
SUMO &M BERE I Pax—6 SFELARMIZE A BE T, $E M f 3L X
BOFESEIGTE . (3) SUMO &1 il BE 3l M il iz F ik 251
RS, i p32 Pax—6 MYEE FA7KF, i Tuoe 45 i
I Triml1 J& TRIM/RBCC & [ KRz 2 % #E i E3 f)—
51, Triml 1 5 Pax-6 AHHAEH ,J{F@ﬁ(z%@ﬁéjl\% Pax—
6 HIFEAR . IAERBIFGE W, Pax—6 il 3 HD J5 i PST &5
Py Trim 11 AHELAERY, BAR H R AR5 2 Pax—6 &
FIZ 2407 5, {3 SUMO &4l g 592 Rk se 4 la] — 4
SRR A B A

BARHRIIFFE R, RS2 SUMO &4 1 p32 Pax—
6 ¥%&H DNA 254 1M, (B ASREIE SEAE /R ) 25 SUMO &
Hi 4 p32 Pax—6 5 SUMO &4 ) p32 Pax—6 ¥ A [n] Y 3
K, 1 H, HAR Pax-6 WE I EEAE , SUMO & ifi
Xt pa6 Fl pa8 Pax—6 J&= 15 A AN A5 M {HA HE— B3],

4 SUMO {&1fif#x LEDGF HITh&E

DL E$EE] SUMO B i 8 (A #R R e IR & & e ¢
SR A9 %% S R, SUMO &4 (9 BiF 53 B i E 228 fif1 3] 4% 5)
PG, ML SRl 5 DNA TERRE IR A4S &,
el SR RO - DU SR o B 3 R o e ) 9 i B AT LA 9
PEIR  SIIAF 5T 2 W, W A 5 st AL 38005 1 IR 1A 1
U M AR K T (LEDGF) p75 il p52 fE # SUMO
B

LEDGF p75 il p52 J& A PSIP1 3 [K & #1457 U1 i =
Pyt PRI Y T G (1, B RE N SRR
AALAF 1% A A B a2, LEDGEF/p75 BB 456 T 4 A5
2 MR o TR B R S WS s A TR it
LEDGF 25 10 2 40 M i 4735 X7, 4o . A I 6 3R |
R4 ( RPE) 85 32 3£ Hf i A LEDGF/p75 BEXT Bt H, 0, 5%
UVB 5 A 4 =10 7E A SR R L R 40 i i % 3k
LEDGF/p75 , /b TGF-B 51 i 40 M 46 1=, LEDGF
P 3 A YR I YO D S R 1 7 S T 22 B 0 | A 1Y
LT,

Bueno 45! % Bl SUMO 1& i F 4 LEDGF/p75 %t
Hsp27 Ji 8l (%) 7% 5 1 %, (A X LEDGEF/p52 WA 1EH .
LEDGF/p52 £ 4 LEDGF/p75 B& K364 LLANAY 4236 =4
SUMO 454 # Z W2 57 45, K364 v T # A g4 & 45t i, 2
FE1ET LEDGF/p75, LEDGF/p75 Y K364 %8 T/ A%
T, PRI SUMO 1845 T B3 3o 2 28 LEDGF/p75 5 HoAth %%
SRR R AR ELAE T, AT SE M) LEDGE/p75 (%% 58 1%
P, SUMO &4l il LEDGEF/p75 e i3 M i i 1) 431 Bl
il o AT A — AP HED S22 SUMO &4 EFE ik LEDGF/p75
HFEE M, o SUMO B4 {3 55 28 28 (1) LEDGF 25 1 LL B
AT R 1 H D2 o LEDGE 45 1A B 78 41 i
Y IA AR XE PP AL AR e MR I A S m s A, 58
A5 SUMO AL 5 A0 LEDGFE/p75 B9 20 i 43 A A e 4,
IREEATEE, RARFEAT ST SUMO &M/ H i 2 5
AR EE G A s AR R, 2222 W] e Rl B o k] 17z Rk
M WEAk, H SUMO1 F11 SUMO3 %54 T LEDGF/p75 Hy A
— A R e, DR M AR 43 W 8 1) %) B S o o S ply AR e
SUMO & H 51/,

5 SN T SUMO &1ihxF Prdx6 HIiE

Prdx6 J& THi e b8 (B 505 , 1% 58 W A8 IR A% R LA
AT AETE . G g ) B 1 BE T BR P9 TR 1 A A
TEPE R TG PR (ROS) |, B4 40 SR BT R S A VE F
i PR A N ROS 7K, 2 5 40 N 15 5 1%
G F W, Prdx6 Feak AKFFNEYEAY T BT S 20 AL D 3
5| S A 0 B £ o =

Chhunchha % A58 0, S A0 R 305 A SR 1A I
Fe A SUMOL 3K 1) 2 2 THE Al Prdx6 Rk &1
Wi 7 S8 AK I T S5 30 Prdx6 19 SUMO &4 H SUMO1
BT I Prdx6 BYFRIE, TE dtR A b R 40 il 3k
SUMO!1 T3 Prdx6 M sXAE FH K+ Spl A 2R3 R 74
HIHTAAR IR 5 B ) R, FBIALE R b Rz 4
it r 3 P S S SUMO &4 388 4%, i 5 F 14 Prdx6 A
FETR AT FVEE S5 PESE0 Prdx6 15 P, 3% — & 30K BT
Prdx6 1M T BRI 1A 35 AL (5 ol B R AL T S A
6 RE

it 5 R R 2 () S W B % B, H i SUMO 18 J kT
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LR A B S B e R ZAE AR D 6E . 1E
IREHIFFE H, SUMO &4 38 25 415 Ni2e3 F1 Nil R DI fE, 52
Wi WA 20 M 4 43 AL, SUMO A& i il 3 3 /] — A~ &2 & 1k
o] — AN I A AR . Ni2e3 T Nel AT AR, 36
(7 Jt A0 o0 1200 o) RAT 200 B oAk, AR Sl LA 40
AL SUMO B4 %} Nr2e3 AN, (H X} Nel S22
B, B Ni2e3 Fi1 Nil (9 SUMO 4k Fi1 2 SUMO 4k 1 8 75 °F
i, P T AR 2 1) AT SO IR S 2R L 2 f . SUMO A& fii
TE AR B BT AR iR 5 B SUMO &1 L
8 p32 Pax—6 M) DNA 454 Al sk Gtk 5 p32 Pax—6 7E 4
AR E AP RS VIAHSE . B p32 Pax—6 BT ifF 3£ [H
5 Pax—6 HAWM IR, IF LAFETT SUMO &4 5 p32 Pax—6
A DRER K R AW A L, 2K Pax—6 BRI Fe 40
Tl 7t 2 SR -, B AS SUMO &1 i F2J2 5 7F Pax—6
R0 i) e P A P AR T TG A . FRAT TN, B 1 4K
WL, SUMO A 1E iR A % & IR S 4 o Ak A
FA AL R R R 4B, SUMO 8 TR 8 5 g Y 5%
FAARA B AT AEBT TR TN AE A ER SUMO B 7R 45
I R 2 BE AL B HE 0 LS K I SUMO & i 7E
HRBHGIA & 75 A4 A T 7E A I AR me AR S KA 1 Ay e
B LEDGF 1) SUMO B Wi K- 15 A AR A 4, A0
E— 9, 25 B AT, SUMO & i 7 HR B} B HR 3895 35 v
HIBFFEA WIRIE S A T iz i

S Sk

1 Nacerddine K, Lehembre F, Bhaumik M, et al. The SUMO pathway is
essential for nuclear integrity and chromosome segregation in mice. Dev
Cell 2005;9(6) :769-779

2 Gill G. Something about SUMO inhibits transcription. Curr Opin Genet
Dev 2005;15(5) :536-541

3 Tempe D, Piechaczyk M, Bossis G. SUMO under stress. Biochem Soc
Trans 2008 ;36 (Pt5) :874-878

4 Vertegaal AC,Ogg SC,Jafray E, et al. A proteomic study of SUMO-2
target proteins. J Biol Chem 2004 ;279 (32) :33791-33798

5 Ulrich HD. The fast—growing business of sumo chains. Cell 2008 ;32
(3):301-305

6 Lee JY,Park Y, Kim SJ, et al. Molecular cloning and expression an
alysis of the pig small ubiquitin—like modifier(sumo) gene family. Int J
Immunogenet 2009 ;36(1) :59-64

7 Guo D, Li M, Zhang Y, et al. A functional variant of SUMO4 , a new |
kappa B alpha modifier, is associated with type 1 diabetes. Nat Genet
2004;36(8) :837-841

8 Johnson ES. Protein modification by SUMO. Annu Rev Biochem 2004 ;
73.355-382

9 Blomster HA , Hietakangas V, Wu J,et al. Novel proteomics strategy
brings insight into the prevalence of SUMO -2 target sites. Mol Cell
Proteomics 2009 ;8 (6) :1382-1390

10 David G, Neptune MA, DePinho RA. SUMO -1 modification of
histone deacetylase 1 (HDAC1) modulates its biological activities. J Biol
Chem 2002 ;277 (26) :23658-23663

11 Muller S, Berger M, Lehembre F, et al. ¢—Jun and p53 activity is
modulated by SUMO - 1 modification. J Biol Chem 2000 ; 275
(18):13321-13329

12 Saitoh H, Hinchey J. Functional heterogeneity of small ubiquitin -
related protein modifiers SUMO - 1 versus SUMO -2/3. J Biol Chem
2000;275(9) :6252-6258

13 Kochendoerfer GG, Lin SW, Sakmar TP, et al. How color visual
pigments are tuned. Trends Biochem Sci 1999 ;24(8) :300-305

14 Chen S, Wang QL, Nie Z, et al. Crx, a novel Otx - like

pairedhomeodomain protein, binds to and transactivates photoreceptor

1356

cell-specific genes. Neuron 1997;19(5) :1017-1030

15 Nishida A, Furukawa A, Koike C, et al. Otx2 homeobox gene
controls retinal photoreceptor cell fate and pineal gland development. Nat
Neurosci 2003 ;6(12) :1255-1263

16 Haider NB, Jacobson SG, Cideciyan AV, et al. Mutation of a nuclear
receptor gene, NR2E3, causes enhanced S cone syndrome, a disorder of
retinal cell fate. Nat Genet 2000;24(2) .127-131

17 Mears AJ, Kondo M, Swain PK, et al. Nil is required for rod
photoreceptor development. Nat Genet 2001 ;29( ) .:447-452

18 Onishi A, Peng GH, Hsu C, et al. Pias3 —dependent SUMOylation
directs rod photoreceptor development. Neuron 2009 ;61(2) :234-246
19 LaBonne C. SUMO weighs in on a photoreceptor finish. Dev Cell
2009;16(2) :165-166

20 Roger JE, Nellissery J, Kim DS, et al. Sumoylation of bZIP
Transcription Factor NRL Modulates Target Gene expression during
photoreceptor differentiation. J Biol Chem 2010;285(33) :25637-25644
21 Rehemtulla A, Warwar R, Kumar R, et al. The basic motif-leucine
zipper transcription factor Nrl can positively regulate rhodopsin gene
expression. Proc Natl Acad Sci 1996393 (1) :191-195

22 Wilson DS, Guenther B, Desplan C, et al. High resolution crystal
structure of a paired (Pax) class cooperative homeodomain dimer on
DNA. Cell 1995;82(5) :709-719

23 Strachan T, Read AP. PAX genes. Curr Opin Genet Dev 1994;4(3) .
427-438

24 Quiring R, Walldorf U, Kloter U,et al. Homology of the eyeless gene
of Drosophila to the Small eye gene in mice and Aniridia in humans.
Science 1994 ;265(5173) .785-789

25 Hogan BL, Horsburgh G, Cohen J, et al. Small eyes (Sey): a
homozygous lethal mutation on chromosome 2 which affects the
differentiation of both lens and nasal placodes in the mouse. J Embryol
Exp Morphol 1986;97.95-110

26 Glaser T, Jepeal L, Edwards JG et al. PAX6 gene dosage effect in a
family with congenital cataracts, aniridia, anophthalmia and central
nervous system defects. Nat Genet 1994;7(4) ;463-471

27 Grindley JC, Davidson DR, Hill RE. The role of Pax—6 in eye and
nasal development. Development 1995;121(5) :1433-1442

28 Collinson JM, Chanas SA, Hill RE, et al. Corneal development,
limbal stem cell function, and corneal epithelial cell migration in the
Pax6( +/-) mouse. Invest Ophthalmol Vis Sci 2004 ;45(4) :1101-1108
29 Marquardt T, Ashery —Padan R, Andrejewski N, et al. Pax6 is
required for the multipotent state of retinal progenitor cells. Cell 2001 ;
105(1) :43-55

30 Altmann CR, Chow RL, Lang RA ,et al. Lens induction by Pax—6 in
Xenopus laevis. Dev Biol 1997;185(1) : 119-123

31 Yan Q, Liu WB, Qin J, et al. Protein phosphatase—1 modulates the
function of Pax — 6, a transcription factor controlling brain and eye
development. J Biol Chem 2007 ;282(19) :13954-13965

32 Glaser T, Walton DS, Maas RL. Genomic structure, evolutionary
conservation and aniridia mutations in the human PAX6 gene. Nat Genet
1992;2(3) :232-239

33 Kim J, Lauderdale JD. Analysis of Pax6 expression using a BAC
transgene reveals the presence of a paired—less isoform of Pax6 in the eye
and olfactory bulb. Dev Biol 2006;292(2) :486-505

34 Mishra R, Gorlov IP, Chao LY, et al. PAX6, paired domain
influences sequence recognition by the homeodomain. J Biol Chem 2002 ;
277(51) :49488-49494

35 Favor J, Peters H, Hermann T, et al. Molecular characterization of
Pax6 (2Neu ) through Pax6 (10Neu) : an extension of the Pax6 allelic
series and the identification of two possible hypomorph alleles in the
mouse Mus musculus. Genetics 2001 ;159 (4) :1689-1700

36 Yan Q, Gong L, Deng M, et al. SUMOylation activates the

transcriptional activity of p32 Pax—6, an important transcription factor for



Int Eye Sci, Vol.15, No.8, Aug. 2015
Tel :029-82245172 82210956

http . //ies. ijo. cn
Email ;. 1JO. 2000 @ 163. com

eye and brain development. Proc Natl Acad Sci USA 20105107 (49) .
21034-21039

37 Goodson ML, Hong Y, Rogers R, et al. Sumo - 1 modification
regulates the DNA binding activity of heat shock transcription factor 2, a
promyelocytic leukemia nuclear body associated transcription factor. J
Biol Chem 2001;276(21) :18513-18518

38 Hong Y, Rogers R, Matunis MJ, et al. Regulation of heat shock
transcription factor 1 by stress —induced SUMO -1 modification. J Biol
Chem 2001 ;276 (43 ) :40263-40267

39 Tuoc TC, Stoykova A. Trimll modulates the function of neurogenic
transcription factor Pax6 through ubiquitinproteosome system. Genes Dev
2008;22(14) :1972-1986

40 Cooper ST, Hanson IM. A screen for proteins that interact with
PAX6: C—terminal mutations disrupt interaction with HOMER3, DNCLI
and TRIM11. BMC Genet 2005 ;6:43-52

41 Naar AM, Lemon BD, Tjian R. Transcriptional -coactivator
complexes. Annu Rev Biochem 2001;70:475 -501

42 Bueno MT, Garcia—Rivera JA, Kugelman JR, et al. SUMOylation of
the lens epithelium - derived growth factor/p75 attenuates its
transcriptional activity on the heat shock protein 27 promoter. J Mol Biol
2010;399(2) :221-239

43 Ge H, Si Y, Roeder RG. Isolation of ¢DNAs encoding novel
transcription coactivators p52 and p75 reveals an alternate regulatory
mechanism of transcriptional activation. EMBO J 199817 (22) :
6723-6729

44 llano M, Vanegas M, Hutchins N, et al. Identification and
characterization of the chromatin — binding domains of the HIV -1
integrase interactor LEDGF/p75. J Mol Biol 2006 ;360(4) :760-773

45 Matsui H, Lin LR, Singh DP,et al. Lens epithelium—-derived growth
factor: increased survival and decreased DNA breakage of human RPE
cells induced by oxidative stress. Invest Ophthalmol Vis Sci 2001 ; 42
(12) :2935-2941

46 Chowdhury I, Fisher AB, Christofidou — Solomidou M, et al.
Keratinocyte growth factor and glucocorticoid induction of human
peroxiredoxin 6 gene expression occur by independent mechanisms that
are synergistic. Antioxid Redox Signal 2014;20(3) :391-402

47 Chhunchha B, Fatma N, Bhargavan B, et al. Specificity protein, Spl-
mediated increased expression of Prdx6 as a curcumininduced antioxidant
defense in lens epithelial cells against oxidative stress. Cell Death Dis
2011;2.e234

48 Fisher AB. Peroxiredoxin 6; a bifunctional enzyme with glutathione
peroxidase and phospholipase A, activities. Antioxid Redox Signal 2011
15(3) :831-844

49 Chhunchha B, Fatma N, Kubo E, et al. Aberrant sumoylation
signaling evoked by reactive oxygen species impairs protective function of
Prdx6 by destabilization and repression of its transcription. FEBS J
2014281 (15) :3357-3381

50 Zhou W, Ryan JJ, Zhou H. Global analyses of sumoylated proteins in
Saccharomyces cerevisiae. Induction of protein sumoylation by cellular

stresses. J Biol Chem 2004 ;279 (31) :32262-32268

EEKEYEZKREZR %) (PubMed)
2014 FEYF K E R L H T B = 5L

£ B( AW EFEE ZL) (PubMed)2014 Fl b B #1F) £ 4130 A, L P X E109 #6315 #, &%
6 FF, BN JE 25986 F , KT BIRAEAF] 3 A, &3 International Journal of Ophthalmology N JE 198 % ,( *F

LR AL EYNE 145 F R Eye Science NJ& 47 F

fm B PESRMEBETITRS M

1357



