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Automated 3D Structure Determination of Proteins
in Solution Using NMR Spectra
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Understanding the relationship between structure and function of biological macromolecules is one
of the key elements of rational drug design. The three-dimensional structure has a pivotal role, since
its knowledge is essential to understand the physical, chemical, and biological properties of a protein.
Until recently NMR protein structure determination has remained a laborious undertaking that occupied
a trained spectroscopist over several months or few years for each new protein structure. It has been
recognized that many of the time-consuming interactive tasks like the process of spectral analysis can
be done more efficiently by automated, computational systems. This article will introduce a program
of automated NMR structure calculation, CYANA (combined assignment and dynamics algorithm
for NMR applications), and how to utilize it to determine three-dimensional structures of proteins.

SRRl Ko & AR 51 (pulse sequence) HIFERE"
Vs DR BB EFSE > 5115 NMR (nuclear
magnetic resonance, NMR) CLECR HZRIHSE & HE

MR » IZRSRIEAYIR 3+ T HRINT T R
[ > FENETEFRIRRE - FIA0 : S ELR SR
# (& 1) A ~ 2% (multiple dimensional) %%

NGRS Ry TR E B iz — o 38 SR iy 3
&> MEFET T ELSHYERE (sensitivity) > HLHEHN
T HIREHERAIEENTEE (resolution) > B A AKHIANHR T
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1. % E5 B AL % BT (RIKEN) 2 900 MHz
L RAR -

REE H BRI - FEE 8 L E i~ Er it
% AR ERE R E S T E N AET RS - — %
M5 » 7 F&LE 25 kDa LTSRS » #nTLIH
NMR $ il iR 7 HoAdif -

£ 1984 FLIAT > BT Em EAAEAIERH > A
REFH 2 VB R RS X BB TIRZE » 11 NMR
JERRERR R E B A T A ER - EARE]
DA A e pfr /K v i 2 B AR 1 T T O A 1T
HKER S L E HE e E BT N E R E
TEAYIRE R E AIRRE - HETLLE B LAY TR
7E NMR it > Sy iE 17— {8 BOR BB B A
0 M AR RIE U ER D R/ T =
SRR TE 7K VA R R A VB Y = B 2 T A - SIEE T
TR E B B ASAEE  DL NMR RE R B
SRR o R ACRRYE RN R BRANE 2 P
i( °

NOE (nuclear Overhauser effect) 5% 5T &8
HIERE NMR AiEHESE - BERHIRENSR (LR
1R 8 n] DI ERE I N 52 R » {H NOE FHRHY R
BAIK G Z R LR BARIRENE - F 0 EEHSREY
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J—\)\ CYANA g @jﬂbg +%
NMR 252 o

2.vA CYANA #47T A #4L3it L NMR & 4 &
HEEF 0 PTE A MAF B -

BRI ES: - S BN EE - FhlEsE
T T EECT(E NOE R FREHE
K > BIGE R =22 MHDEEE - AR50
#{# NOESY (NOE spectroscopy) JGEgfEH5E » 5@
HEFEER Y (B 3) © K THITRERE NMR #EH
BERSHHERE  —(E DI BN - B M ]
H#E1THEL NOE SRR B L ARt H R 5%
CYANA (combined assignment and dynamics
algorithm for NMR applications) * EL# {5 G &
EHERRE - BB CRRRRE T E R
T3k (B 4) WAFTREMERHI o HT  BALLHR
AR R (E 1 BRI ¢ 55— » RESHEER B B — ] RE
TEEY NOE FHSRRVEE - @~ e IR EH—&H
BHIFEE (fold) » (NI - kB BIMLHY L JHRES
I AR LEAN RE 1 7t BS i B — T RETEHY NOE FHB%
FH 0 HEMLAIRE AL HES IR NMR B ERE
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3.Sud (polysulfide-sulfur transferase)” #3 (a) 2D
NOESY #3% (F1 : -0.5—10 ppm ~ F2 : 6.5—9
ppm) ; (b) # 3D "N-NOESY 38y 128 18-F
@B — BT & o AA LW T XFE A
— 18 cross peak s & 46 & BF Rl g -

BRI - EAHEARGELY NOE #5% - 8¢ NOE
ABRAO AL B A HERELA AL (RS U BR B T 58 2 (T
AEBESE) & - B8R TIELREER A
TG B R P H& 8 > NOESY ¢
AEHYITAELRE NMR EHE R L R
FEIRFHOABR -

FR T CYANA Z5h - HAth A HAkaEmeET
HE){t. NOE /@ R st & » flal : ARIA™ »
KNOWNOE® F1 AutoStructure” & » HriEZ {5 FH
F) ARIA RS > M TEF 28RBS A s S
M EYEEBERREH] (ambiguous distance constraints)
(L) WIBEA - DU B a W] MU SR (LR R B
B ~ 17 NOE Utk B I PSRRI 5
SEEREE A — i B - mhE I —EDERE R AR —
SAYH) NOESY Vg R Airdy IR AT E Bl -

— - BE1Mt NOE FREBHEEETERY
— AR

1. NOE EH

NOE 72 NMR R E — {2 8 /Y A bk
TEREREEE N > [R5 NOE R (R BN
FEEL > RER T EEERE A S A 1 A=10"
m) > (s EEEREEN EERENFY] L2
FEFERE(HEZZ ] FARRSERRY - DL NMR RE
EHERE  TEEREEAEPILIER T2 M
[ NOE {F FH AT HEE H T 2 ny R BRI G > 1
NOE HJ58FE > gt /2 NOESY Y3l o3l ld ity s
T HRA(E B e T EZE R B S KA
IEFERETR - DU R LR - NOE B #E (E/ R
Z FEIRREEE EIRMIFE(E RS HERYIEEE - R+
PN ) S BB B A L B A A T BT IR NOE 1y
JE °

2. MBI HEHAY NOE FiRERBRIE
HAE
LA de novo B H NMR g /KR T EH
BEEEEE RTEENEEERN > BEH
NOE FrffE Ay ERE FRR® < % T1¢ NOESY Jeq§
S EIEEEE R HIER A - NOE BURHIRAZE R T8 -

FERBIES
BEHIRASTERE
(sequence-specific

assignments)
NOE cross peak
UEFEEIE
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HETNCERE BREsE
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=ErEiEE

4. B $74t NOE 7 5 S & #h 3t o — A 7 A2 -
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MEt 2 > AMERAN SR 5 LAY -
NOE FHFEHER 8 T 22 LB B e B A 5 E Y
{LEAIREHIETTIRE - KRR LA R E G
HIREAREHIERE A - FTLIRZS NOE AR REH:
iR R R R S A Ry
THAHERT (ambiguous assignments) ° B T &HHEHY
BB AN SEFERIERERGE (artifacts) ~ FEEH ~ DIK
RURy [ ) 5t5% (fast relaxation) [iHEZERYERAE © 55
SEAEINEE NMR ERHAETE N al s A BRES -
ERMTEERIRT - REEHE =22 MEETA
e HFEE MRUER T/ER EZHA -

3. =AY EEREPR I

TR EEEESEH] (ambiguous distance constraints)
TV SHARR I DML ERNT R Ry BL B NOE FRARER B AT
EEAERNIARENE - BB T —(EIE R E BRI - 1E
PR BRI R T B Al > — i S A W
¥ /&HY NOE (unambiguously assigned NOEs) * #H]
A R T E RS PREE R BB - IR B EI ek
BABHEH > KE7HY NOE Wi GE#E AR
J& (unambiguously assigned) > FTLAEFRHARY HE{L
NOE FF @Bk - Kk 1] SR B A PR
HJ7 - AR MIPERE T H &)1k NOE BRI
AE o & P RRREBE AR I - & —1{ NOE %2 X Iig
(cross peak) E#E FoH n (EFHSRATEE S > 7 H{#H A
—{E R LR R AR > D, -

-1/6
D, = (2 dkﬁj
k=1

d Ry @R T FIRVEEEE o AHER— AR =
M B 7 2 =5 4 B it 9 HO9% 67 8 (unambiguous
assignments) > {41 NOE HYRH5HE A GEHE HHHERY iF
J& o R HE ARt B o TSR e e AR
HELE - AR AIDIFEFIH NOESY SKEEHrIFTE
X ME - AN G A X &R & A — R B8 Al Re
" AR A — S WgEaE T — L EERET
ATREME » R DA EE R 1 A 6 P B S R R AR

HEFR ] (unambiguous distance constraints) 2K 5 B S o
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= > CYANA g9B&h{t NOE = a%5%
B/ fEEEtE

1. ik

fE CYANA 1 HEj{L# CANDID """
(combined automated NOE assignment and structure
determination module) JEHEEEEEERMMHETT NOE
AHORESE > W CYANA AU A E) ) E Ik
(torsion angle dynamics algorithm) XE{THERERTE >
TEFTE ISR E S - #EE AERIEE AE R - EH
BEHIREERRIER? » —tH B 18 R SRR 2
(sequence-specific resonance assignments) FT{5E[HY
{LEAIRER - DU — B & 2 SR B
FIRERERY R ~ =R ERVUREZEfEH) NOESY JEag -
£ CANDID HYfEERH » f5—{ NOE 7 & - {fk#
R E RO EE (B 5) - EEEE
Z AR THRBR A REN: - BREENE MR X
lige > — BEARHE Y P ACH [ S e B g R AT REME: - RTRE
PERARATRFHRRR 08 S e AR LB AT R BB
NOE & XM BT & ~ {E2H0 NOE Hify—
Bl LUK EETE CANDID HYTEERFRATE B AR HY
HEHE MR ETE - HERZE R
7 B (assignments) » i EHEUR EEREE R (upper
distance limits) » AR KIZIEEE LR B HERE
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Y= REZEREIRETE o DIERRRE DIRE R G 7
J& AT RE T Y 2 SN T 2 > (B R 1Y P PR
(ambiguous distance constraints) Al & | B &
HYRTRENE » — B2 SR AN R A A KR B Ry Al RETE -
TR B DERR T4 E ] - CYANA HURS TR
WEEAE T EEIER (B o) - ARG MSE FE
EF—(EIEERAVE NG - R LA AA B ER A R
il e et mT REVERUATE - thlE e g IR ARG T B0
Bt o

2. Network-anchoring #1 Constraint com-
bination

Network-anchoring &5 #% 1F T i 85 1 R AfE PR 1
eF > FIPRETR — SRR B AR EEH
B oEERAEEN—HER > K network-
anchoring FJLLHIET NOE BFf@HY—24: > MATRE
EE'E = SRR AR - WKL T LA de
novo REAGTERF - 2 = 22 RS E AN
/& - F—{iil NOE HYF B LA A A E H AR
FwE > 815 network-anchoring % 5 —1{E G X1 5
2 2 A 0 B8 R B PR R PR 7 BT
network-anchoring 2 1% & 1 B9 N [A] 75 8

6.

VA CYANA 47§ #1b
NOE & B /&M=t &
¥ » ENTH-VHS domain
At3g16270" #4E3E 1 (a)
B EIR T (g) WHEEHMR A
RAE W EHE (h) °

network-anchoring FYIEIE T AT EIAYAGHE - BHEEM
Fe¥2 7 {# F network-anchoring HIFEREaL - 1 HEL
A T IEHERHTE (fold) ©

{ELL NMR REAEY) 53 FiatEHIE R ER |
K E FAREH OGRS ERENSR (spectral artifacts) FITzE
A SRR EERERR S - HEF S # R A
1 > [ constraint combination & EEAEFAEE LhEEER
HY BB R S s sk S F R ER R - B S
FRE A [ ELASHBARY A X IRy ER g mE A - Rt
FITE AR RSSO BEBE R 1 A B EAYSERRIER - 171
CANDID H > constraint combination = 2 AEE—
i ke 25 — B 752 - {EfE 8 H > B constraint
combination HJ##EME » ML A HEH constraint
combination HJAHE » JREAREa » T H M2
H TE R 2 -

3. FEBRLEMBREENREE

HENL NOE FR@HIIEH L2 LIse B LE
RSN - HRLR AR AERIE - MR
Ar EELER" - EREMAEEELL A BN
B HERA TR AR B AL AL - ACERER -
AR BN EER AR AT ] DIWEER S - (B —aR 7
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L ERAT R T2 S DA B 17 75 22 AL B B YIRS
It - B0 NOE AU R ASfERIRT R - RELIAN 2%
UL E R R ETR METT - IR DR Rk
TE 45 H B RS RO HIINER - DoeBE Y LER
(LR NMR it ] SEIERURE - ErSrEbbE
MBI H L2 (R S B E Y - DL
Bombyx mori pheromone binding protein form A
(BmPBP"Y"” K Williopsis mrakii killer toxin
(WmKT)"” /9% B R > I AmEng 8 LRI
10% W > TSR RRERERE - 2k - S E
ZRNMB S B2 H N — 20 B T AN IERERYRS
BERZED 5 M CYANA HY target function HIJELE
& E EL IR - Ao TARERAE/ A 5 A° B9HIE S B8
EANSELBIRIIEN - R A ERERY NOE 2 XY 5
TrECEENN > TR R — (EEER A R A SR A E AR
b o BESR BmPBP" (142 {EIEIERATRL) [ WmKT
(88 {HPEERTEEL) s FEA - HEEK "C &
"N AN ZIEERIEFE BmPBP" AR » 4l
PLRIRZ SRR A7 /AR E Y B E WmKT Fr{S a5 R
BT > GEEHR "C K "N BB E B 5P
HFF% 'H LB REHE(L (degeneracy) » A
T #EHY NOE BRERIRER - S .Z > AHI 90%
WL RS B g R AR

4. 52 %[ NOESY Peak Picking RS/ £

FHER B LN L BT R - FEMR M & i
NOESY 72 Y& » WA g pk B ny ™ - A
B 50% W) NOESY 5 W IgttEng » KEL 7S
B FHERISS R AR LLie - TSR TE 2 A iYL A
ILPL CYANA ETREEOBERHE - RiF A8 KN
NOESY peak picking * B i 263% 50% HIAE X IEH;
BE - FTSEIROARGEHE - HYEMEE A RHORIE » 8
A TR BIEEELIRERED
NOESY %8 Wi R{FEE

I -~ #5:R

A FIFER E )t NOE R & - K5 90% 11k
SR 2 L ERY - ART B E B R R Y
NOESY i (heteronuclear-resolved NOESY spectra)
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B 7.(a) £ A network-anchoring A (b) % # 1& J
network-anchoring & * ENTH-VHS domain
At3g16270 EAEIR 1 ey 454 -

8.(a) 1£ M constraint combination & (b) % 1
A constraint combination®¥ » ENTH-VHS
domain At3g16270 /3R 1 #9454

AlfeiFE% 50% HJ NOESY 72 X Iig i &alg » MR
FEA I A 25551 - RMSD {E AR 2 A %%
% B AR NOESY Y& (homonuclear
NOESY spectra) [ » HllfLEE L EH R A H R HER
HN R 2 B2 8 -

Ll CYANA 95 EMmETHIE B NOE §F/&
FEHEMEETE - EREIRVES A BT
EFTEEAERY NOE Ff 88 S 8 V8 = FE 22 [H A5 - 18
HAHALEA e A E R R ERE
(RIKEN Structural Genomics/Proteomics Project) LA
KHEEHF - EfFEFH CYANA RE T8 H{ELL /Y
EHBEER > 5B LL de novo BY 5 TR E AYES
&> BURT DL CYANA WY A #E1THY B 81k
NOE /& » FLEH AN R 72 By 7 i 5 R R



NOESY S¢i

HHZEH > £LL NMR RE&E A E SRRt
L 5 BT AN R —E R R R E (time-

limiting) &7 5% °
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