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Protein structure and function studied by NMR

SHI Yun-yu, WU Ji-hui

(School of Life Science, and Hefei National Laboratory for Physical Sciences at Microscale ,
Uniwversity of Science and Technology of China, Hefei 230027, China)

Abstract: More than 10 years of research in the Laboratory of Nuclear Magnetic Resonance (NMR) at the
School of Life Science, University of Science and Technology of China is reviewed. Our researches have
focused on two systems: proteins related to the regulation of gene expression in humans and other
eukaryotes, and proteins existing in the cell junction in humans. The majority of proteins selected from
these two systems are related to human health and diseases, and some are potential drug targets. We were

interested in using NMR to study structural basis of protein-protein interactions, NMR was highly suited
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for investigating molecular interactions under approximately physiological conditions and was particularly
suited for the study of low-affinity, transient complexes. It can provide information of protein interaction
surface, complex structure, and dynamic properties during protein recognition. Several examples were
given in this paper. NMR was also used to study dynamic properties of protein both in pico-second to nano-
second and in micro-second to mili-second time scales. We have studied protein folding and unfolding by
NMR together with fluorescence and circular dichroism experiments. Proteins in unfolded states were
characterized in detail by NMR. The last example of NMR application is the identification of a novel
inhibitor of a human dual-specific phosphatase and the cellular effects of this compound were also studied.
Our results demonstrate that our screening strategy, which combines both virtual and NMR-based
methods, is feasible and might be employed in the early stage of drug discovery.
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transcriptional coregulator) £ B YA 1% b 076 1 72
FIINA 458 snRNP, 2 5 T 59 DA G fb i B, 7E X
1 SKIP 5548 PPIL1. PPIL1 2 fiffi 2 2 i Jz S+
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(1) AF-6 ZHHFH PDZ 455k i 7 w45 4
LI B 5 neurexin M Ber BIAHEAEH

N AF-6 JEPHRE M FE R Ik 6927, Yl (i
JE U MLL-AF6 filtG 28 1 IR S 2R I
. AF-6 J@ T4 R % i 1 SR R AR r 4
RS, B JE RAS BN & A, H 52 ) Ser/
Thr fE LB Ber IR, AF-6 B C 5 & A —1
PDZ S50 38 Z A5 3800 J AF-6 5 HAh1F 2 A
JEAHEAE . AT E T AF-6 () PDZ Z5#9 301
=4E L4, ] TTC #1 BIACORE DL M 4% i 4 I 33
W98 T B 5 neurexin & Ber BUAH EAEH , L8041
FHE AU — LD, i — 25 R R R 8 e A
PR TEARESY R NOE M T2 =
YrgEHy. 45 R K AF-6 1) PDZ 453 A 4 —2%
555 728 PDZ BIRHIE. AFFE45 48R 2R PDZ
IR SR AR T R A BB

(1) ZO L 5D Re BT

Z0(Zonula Occludens proteins) #& H i (ZO1,
702, ZO3) j&—MAEAE T 240 M S % 42, Jh bk i 12
FE) B R A R B L B AT S B A
IR AR A B R,

ATAEAEN ZO1 7] LU 55 — A PDZ 45 #435k
A — Rk 8 5 202, 203 B B IK, 5K
T P AR A A5 R At i AN T . FRATT3E 5 GST pull-
down Fll e 32 LU E L HUFBH ZO1-PDZ2 #l ZO2-
PDZ2 [l Z R AR5 7 ZRBIRNIE . FATH NMR 75
BAENT T Z02-PDZ2 W RESH 387~ PDZ 4549 55,
TERL T — o 8 (1 — 455X
(3D) domain swapping. iIXJ&H IKTE PDZ 543
KM domain swapping 45 4. T AT138 o 40 A 35
70 HH PDZ £5#93 domain swapping 25 H1E hLH)
JEAL, 30 2 S A SRS, TR AT THE I S A 2 4y v 4
"% ZO1-PDZ2.Z03-PDZ2 7] — BAK LA K ZO1-
PDZ2/7202-PDZ2 7Z0O1-PDZ2/Z03-PDZ2 S — %
. it ZO1-PDZ2 5] — BRI SR T 9k i L 84T
SEE WM T ZO1-PDZ2 [7] — AR R WL S5
UEBH T FR AT .

22 AR KB A GHU L5 iR 4 78 ZO1-PDZ2
Fl ZO2-PDZ2 TEF W ¥ W] T SR R AR, X Fl ZOs

three-dimensional

i PDZ SR E R AL T RE N Claudins RYER G, JRED
BRI AL T S5 SE RS,

(I GOPC & M i) PDZ 2544 3 (1) = 4 25 4
PIK B neuroligin FIA HAEH

AN GOPC (Golgi-associated PDZ- and coiled-
coil motif-containing protein) & % — ¥R & 19 &
A PDZ 454 B 1 i 7R K 28 16 i iz A O B L
GOPC 5 Wi coiled-coil X I F1—~ PDZ 4544
B, Ffiliz F NMR 77602 7 A GOPC # 11 i
PDZ 45 Il AR 4548 , 25 3 R N GOPC & A i
PDZ 4t B A $LRL Y PDZ 45K U45AE L & T 1 8
fR55—2& PDZ 45 k438 ; NMR b2 07 B3 sh 2 %
B, hGOPC-PDZ fig5 5 g1 B IR R Z At 2 i
Jii % neuroligin C-AR %Al HAEH. FA146E T &1
Z A A ELAE FH A I B AT 2 R VR S T 55 4 B
YEFH (R Es w80k 107 M s S5 A0 Tl 12l
7L FATHE T GOPC PDZ 45#4938 /neuroligin C-
terminal ZRKAE A PR AT FERAE TS5 S
71 R FE ] A B AR AR X D B e gy =K. AT
WG T B 5 Frizzle 8 WA EAE M.

2 EBEHBRWEAZEHAR

B AR R M gtk S T RE R IR,
W1 22t S s T DI RE S A 2= A e
FAEGLIIRE 4 2L T8 A R — R AL A
HRRERBh 128 R 80 IR A ARG SR
F1 T P A ik, 5 RS AR . A2 SR AR 5 A
FEH TSN 12, 15 2000 ) 1245 80T L EAR
FEF I T S A S [ E- SRS SR R, A -
 Est I a] , LK NOE fié & 7 DL 3545 Bz Fb-44
PRI s 11245 B AR & T e -2 R0
1 )1 %% ) 7 B——RIP, CPMG & relaxation
dispersion experiment-? %%,

(1) AF-6 PDZ Z5#585 A &, KL Ber C
Aot pRGS Ar it AR ) B 2%

AT AF-6 PDZ S5k 1 b S 450 54 4
Y SS PR T HO A, 2 IRz B IR &S 51 L AR E — 2 B
By Rm 2 HA M4 EHE i relaxation
dispersion S K I AF-6 () PDZ 45 ¥ 8 75 45 &
Ber FiIJi 22 A0 i) RUBE (A4 4, A1 & B Ber
C R K 25 A B AR5 5 78 PDZ 45 #438k p9 3
(1) By 725 R 26 rp AL 3, AT 25| RS 328 B8 K45 6 YA L AH IR
— 5 I B I 2 T2 AP I () RUBE (1) 8 7 25 A A, X st
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AR AN LA TRT 200 — 2SR D A 2

(1) LARG EH i PDZ 45k37E H th i &
YRR T S5 sl 1 2= o

F L5 AH 5& 19 Rho & R 38 #: [ 7 (LARG)
RSP OE RhoA L 7E LS A9 TE Bl 72 vp & 4%
FEE/EH. LARG PDZ 458485 plexin Bl 7K ¥
Fe 5 BOAR AR T LS RhoA L ¥ M M 5 545 1k
KBRS TR A e AR ) L HE. B H ATy Ik
BT PIEAEAE 25 sh 1128 )7 B4 B
AT 3 A W LR IS (NMR) 5 B f# A T LARG
PDZ £ H & A YIRE T MR E5 1. LARG
PDZ il plexin Bl K /MK 2 & W LLG . 4514
B TR AL R B BB/ oB S5 A 1A IR
Uit a3 s XA AR 5 HoAth PDZ ZE 45 A /MK IR
K H B AR AR B A R R — B, T 4R
LARG PDZ £ #4725 £k LA e 2 X 3 2 3 iR ok 21
SRR L TR T LARG PDZ §93h J124 1k
Jo. 3 3 A P 15 R BRSO 23 BT R st B B L A
HRAS A LARG PDZ 57 38 K i B A9 A Y
HAE Bl AL B A-4 B s ) R RN G R A B[]
REERz3h. BB/RC loop Hl BE/aB loop X35 i) 2
SRR IEAE IR G 5 2 A 2 22 () AT 38 482
5 T e G v T T BUF S K. Wk CPMG 5L 5,
FATHT 40 F A RS AN RS (B
B NKHBEE LN 10 2 D AAL T2 S YIRS R
LARG PDZ BF4 52 3¢ # X] T8k ] 5t 15 39 % 1) 51 ik
T, LA A G A2 e i . 76 A BIRAES T , B R
()RR o FE R R 2 R 2 B I G N iz B,
AT FREENTE BB/ oB 45470 sk F FE. 7EimA
/KRG L AR R A2 Sl TN, 45 AT B
AT A 28 L TR B L 1 P 2 A 480 06 R [ 5t 752 11%) B ik o
T 8 A2 3 R A, Jin A G A9 plexin B1 A i
ANRRAR 99 %6 LA b BEE B AL T 45 AR A B TR
/NIRZ B AH B AR FH B T 88 71502 8h 23 (8] A
Pk, A B A 2 R0 G P R iz o).

GE7E RV RE I (ITO) S2IRIESE T pB/BRC
Fl BE/oB loop [X 35k Y 24 5 iR 5% 3 1 A8 42 2 52
LARG PDZ FUNKZ [BIFAHEAEH. B8 T LARG
PDZ 8 )12 FE5 254k 2 (8] i C 3 < BB/BC loop Al
RE/oB loop DI AEA Al 44 G2 22 [6] 119 38 48 LA I #9 42
(1) 5 78 VT LA AT B S B BB/ B 45 B i AT 5
(AR TS AN EC IR, 7R 45 G 10 i i S I i sk Sk &
Dy 45 B S () 22 R0 i R ) N A2 Bl L SRR AL G 1) e

REAS AR MY B2 1 R A T AN Rl A S ok 4
ANTR 7K.

3 MIREERMESEINE

TCZER AR 5 (disordered proteins) , f 462
FrEREMER R, EalekE A, rE e, 20
HE T I HE RV A R SR TG A5 F 1 B 11 . sk 260
SRR E BT T AR B R A S, A B 3R
G BB+ EE, e S TERRET 4R
PERT AN Prion J . W74 A% TR , 52 K 1 BRSS9 A1
K. Bl A =00 2 — W B AR 8 A s A
I ESE 30 NFRBE WL TCAE I F 5. 5 iR A oG
55 8 XA P01 3 5 . — S8 N M T 45 1
()2 1 B 7E 2 -2 S AR AR T AR bk 1Ok
BEAE . TR I Bl Ak B b 2 R A TO I 19 A b
PR 45, NMR S22 BU LR AR B2 1 J0 25 4 B3 A
SrEEA B 1 LA LB & S R A 22 07 T B
5 HERAR S B4 119 NMR WF 58 %
FRAPRUEZ DR, Hha M shEanEaZ
BREETE 22 Fh iy G 22 8] F ARG 4, F 0 b N TE 1915
Y AER AR U AR 22 LRI B AT
RIME. (2, F i 7F NMR $R Byt e, (il Lir&
FES 53478 4 B 1 1Y E LRI REAS 3 58 4 Y
NUE, R B T fifp X LE 4 GRS R 2544 FN 3
JIZREAE WG R T BB, T DAAR 38 BT 8 Y secondary
chemical shifts. 52 & [ it Z R 45/ 115 & Bk o
Gk R WL, v LAAS B R I AR 4, I i
WA 1 BT A AR ) 72k 2. i TS5 NOE
SOIERT 5 A YW BT ATECE5 M 3 1R NOE
O R TEIREE N B W 2 2. HIIDURE AR B 0 2 5
HEATRRIC o 380 Ak MR ot T 38 iR R4 0, AT AAS 3] 20 ~
25 A KRB SRAF OB PR 1V D8 L
Wn] LU T Jeas M i A sl i AR r S A8 n 8
FIBT, 45t RN A TR . 13 BT L
LR E R s M PN RS2 s AR UL T RS

N E #4546 I F (human upstream binding
factor, h\UBF) J&—FF7E RNA RA M T L)% 5%
O S R g T A A R S L B S
™ HMG Box(high mobility group box) £ #44, H:
H 85—~ (hUBF HMG Box1) g4 5P 1 2k 55 4%
BER)S 3745 5 I XA H B 75 DNA R
Sk 45 A R G BEAE Y. hUBF HMG Box1 Al
HMG Box5 T fEAS S I % ve b 3Rk fafifl , Houy
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MR BET TG I = R R Re 947

W =Yezs [ 45 W F NMR 745 3] 7 8 22,
EATEA KL 90 MR FERR IR, HRIR G5 & —
AN =B o BB B By LB, = BB iE ]
ST H BT T B B /K A% O I K A% 0 1Y
R P H A S AR PR AR S B T3 1) K AH HAE
R4, A 1% hUBF HMG Box1 H V-5 L &
AT T ARG W5, A — {43 (circular dichroism,
CD). ANS (1-anilino-8-aphthalene sulfonate) %% 5
Y61 AR G 3L R (nuclear magnetic resonance,
NMR) £ J5 4 R Wil hUBF HMG Box1 1E$R
R I IR T 1) 24 B i R vh & 2R B 254 72 4k
S R, YRR WA B 39 i, hUBF HMG Box1
I3 ORIV A AR A &, TR W S Y TR B
SR, TERRI o L FE BB B 40 8 J6 78 pH 2 /2
i KR E b K41 &I L U Cunfolded) 25, 2R J5 7E
0.2 MIEARH pH F 2B — D EE I
B A D). Z R & B H e A KA 1Y
FEAE-20 % F hUBF HMG Box5 , i i [/ — i |
TGS R PR E A (DSC) SLIMEIT T i B 2k
AT E G EYT S, 505 R WA B 1R B0 3 [
AT S BRI B, FeAr] & L Box-5 45 1 o i FA8
PR R P AR 38 B0 A (] 1) 2 72 e R T L G
78 T AE 55 °C ML A7 AE — A o0 A S B RS
(molten globule). A% i 4RI ik 45 R E£ W . Box-5
R BT PE S — D i BN AL FE Box-5
E /N (minor wing) #43 WI T, 1 HLib Ao
FHURHE 3 2 Heum i /3 LR E sk, DL Box-5 M
K38 (major wing) #0  AER 5% R i 7K & i
T2 Box-5 [T A FAAE Vi (9 275 A 2 708 o 1 DU Xof
BT RS RS o R Wy, B A
AR R A — AR i AR PR, 2278 A I
HEDSO SR KW, X — Box5 H HRIEERES
(Molten Globule) 1) 2547 & i 72 FIr /5 9 55 A8 24 5
Box-5 5 [ it 231 & Ak 22 1Y 69. 5%, FIr LA, AHXS
TEIELE (U state), 33X — 1 [H] 2575 AH X e A #4
FaE vk, AR K B Jmy S 25 4 P A 1 1k DA SR R
SRICHIA i X A EAE X Box-5 & 1B BRAS 1Y
TR T OCHEMVE AL bAh, BARTEIX — Box-5 &
F BT AR PR RIS o WRE N 0 AHL I A i DXl 1
R ATIE Bl R R0 3 G AP ) ) RUBE) A7 78 W 1 1Y) 22 S+
P, (HJEH 4R 4540 R AR 3302 3l (9NRD B T RD e [R]
ROEE) B4 —14k (homogeneous).

F MRS B AL A T HARRE T R

FIBTH  , AR 43 2 1 T DL A AR A &R
FELE APRA IR 5 0 o A B RS A e 2 AR &
RS FAUTAEAE. T8 5200 5 W LUK ) 21 5k
T T < IOV | el | = & PN s A = D TR €2 9
FAR MR DI I R S AR M RV B R 64T H/D
RS HRR N H SRS H/D 28BS0 86 (NHX), 52
5 v LR A 4504 P T RN R T 0 A8 R
Bt 38 3 PR VAR A R L A A i AR R L B
SRS AR ARSI S R A A AL L B AT DA eiE,
FAANFR L AR P T DAl i A% [ R T A i A
R K ST RS T A 1 7 ) O B A ke,
I ST T 5 3 A R S8 8 £ I 114 B A8 Ak P AR T
AT LAAS B8R (0T R A A e s AR i £ 8,
AT XA I R G5 T hUBF HMG Box5
R, RATHAT T AAMFREE 0~1.6 M
GdmCl B FE P [ SRS SR A3 S50, I 5 %G
ILPRP LS G SO LE R R AT 8 = B IS ]
(Y 7K AZ O T S SR A4 18 420 1 BT, T — B
IEHEXT A 1 AR A A A AR M 0 STR R LT AN
], BBE 3 ALLF- DTk s > — 2, S5 Ak HARAS TR AURAS
e SIS R IN ) T 8 AT S R S Y
KWEE AL THREANFRRBREENEESHE
BT R T MICAL-1 CH %544 38 1 2=
E RSN =Y

4 ETEBRZHUEHMNITENE
MItES LR E S, KIIEA
BEASUSWRNG FEE,
REINEER X

VHR J&2 AR 4E4H A cDNA FefE %A
Yrh & IR 185 AN FREL MY 2R 1 5T, & — Fh OBy
SEVERO W IR B, BF5Y & P ERK1 fil ERK2 J& VHR
RARIEY) . VHR G i A AR 1 TNK I eERR . i
)t 45 B9 VE Y. ZAP-70 16 % W2 B RE A A% b
VHR H11# Tyr138 5% 3852 1k . NI #F VHR Xt
MAPK &2 . 58 VHR W41 S 7E G1-S
A G2-M WS, IF B AT w2l 4. ik e
i VHR 36 Y 8 43 F AU T 2590 1 %45 45 B
XFF R — T % VHR 8942 BRAE F K BARHLE
AREBEBENZE X KA ELEHSFXERF
DOCKA4. 0 %554 80 0004 /Ny 1 J2E BEAT BE 400 07
BE, e 25 AN/ gk E YT B NMR J7
OGNS A Re 1. BRI T 4 D REME 4G



948 PEAFHERAKFFR % 38 %
A VHR BJECAA, I DL i 5 28 1 i R 15 0 e 90 as probed by NMR spectroscopy [ J]. Trends

ETHE T 1M VHR 28R AE S, KB H
—A/INr ¥ GATPT BA B 454, sm 2001 H 3
P30 VHR BTG (1C50 = 2. 92 M), X J&:
VHR i—Fugi 8 i il 5. AutoDock 155 7R
(52 5 WA AL R X AN /NGy R A BT M 1
B A, — RN LR LR BRI GATPT
REAZ S M 4 ML N VHR (9 R 4RIEY) phosphor-ERK
F1 phosphor-]NK Y% ik & , 1 H. & % 41 it J& 1 /4
SZM AT RNA T4 N VHR 3k Br S 200 41 i
JAAE 4L —3. VHR /N34l GATPT 1
RN H BT R R PR G VHR (4 B BE
PEAL T — B R SCEEAE B R SO A SR
7T Chembiochem.

5 Z5iE

25 LT AR R P BT A 2 R
SRR A Y R O R A iz N AL A
SLBOR T4, e AT DA 3 H At AR TE AR B4
FH. A R AR P il e AR 28 SRR W M AR IR
S S RA 7/ K AL 7/ K e /1 W A B S
Bl FRATE ASBFI AR AR R = e 250 5T
AE. NIER B S5 F ATl BEAR R, T %k 3%
~5% R AEYN 10% ~15%). ITAERFRATL K
FREHT T —HE R BTl T2 A B — A2
¥, 86 23 AWM A2 A PDB 8 2.

I TR FRATTAE A v LR 2 e 43 4 DX 26
FERAE K BT L PR ORI 38 1 [ B 25 4 5 IR 2 K 254
Kostdl IR i 5 2r ik S wPY ik 2 5
EIPRER R SCF

Wt SR PG HARNE y—Fh RS54 LR )7
W98 07k, A IR FE R 454 L 8h J1 A R e 58
A7 WK 8 T AR R R R R TR AR —
EARIEIEH. Fehl R R E A R 2t
IR 2, W98 IR )3 i & 11 o Tl & 7 T 2L
YEM.
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