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SUMMARY

[. Title

A Study on the Structural Analysis of Enzyme Inhibitor

Protein

[I. The Objective and the necessity of the Research

Devel opmemt

[t has been decided that the structural analysis
techniques play a key role in producing new bioproducts
involving human disease treatment. Thus, since X-ray and
NMR spectroscopies had been used for the characterization
of molecular structure from 1950s~1960s, only the
3-dimensional structure of 20~30 biomolecules has been
characterized until the middle of 1980s. However, the
structural analysis of biomacromolecules has been
increased dramatically after the middle of 1980s once they
recognized that the structure of biomolecules is closely
involved with their functions. Specifically, NMR and
computer modelling play an important role in understanding
of the function of molecular level, and their structure
can afford to suggest the model of the inhibitor and give

rise to the breakthrough of its development.



[II. The Content and the Area of Research Deveopment

The active site of serine protease inhibitor protein
is very similar with that of typical protease and it
confirmed that the mechanism of chymotrypsin/elastase
inhibitor follows a typical serine protease inhibitor.
Although various serine protease exist, the structure of
active site of serine protease is very similar and it is
our research goal to develop the inhibitor of serine
protease on the basis of structural similarity. Thus, this
research content will cover the desigp of 1inhibitor
peptide and peptide mimetics for Human Leucocyte
Antigen(HLA) using computer modelling and simulation.
Also, when designed and synthesized peptides is bound to

enzyme, their active conformations will be characterized

by NMR spectroscopy.

IV. The Result of the Research Deveopment

The computer simuation experiments has been
performed to understand and analyze the J3-dimensional
structure and interactions of the inhibitor peptide when
the inhibitor peptide is bound to Human Leukocyte

Antigen(HLA). The map of interrelationship coefficient has



been drawn for complexed form and uncomplexed form of HLA

with inhibitor peptides and we are able to visualize the
initiation part of a,-helix and a3;-helix and their map
differs remarkably.Also, complexed form is displayed more
significantly than uncomplexed one in the measure of
interrelation of the map. The mobility of HLA and peptide
shows the same tendency, and the motion of a2-helix of
HLA is concerted. Thus, a2-helix is expected to interact
with T-cell receptor. We conclude that the conformation of
HLA is rigid, but the mobility of atoms for complexed form
and uncomplexed form shows differently. a;-helix part is
strongly interacted with inhibitor peptide and the
concerted motion of @a@j-helix generate to 1induce the
interaction with T-cell receptor. -

In order to characterize the 3-dimensional structure
of short peptides in solution, we chose the RNase(1-13)
peptide to establish the methodology for the
characterization of solution structure before we get into
the HLA inhibitor peptide and mimetics. NMR
parameters(Coupling constants and NOEs) for RNase(1-13)
peptide has been generated and molecular dynamics in
conjunction with NMR constraints has been applied.The

structure by NMR has been compared with native structure

by X-ray crystal.



V. The Application Plan of the Research Development

This research result will be wutilized for the
establishment of the  structural characterization
techniques for bioactive peptides, and will provide the
basic ideas for the development of new drugs. The
structural characterization of enzyme inhibitor peptide
will suggest the possibility for new drug development.
Also, the way of the structural and functional analysis
was introduced through this research result, and time and
expense will be saved. Also, the characterization of the
structure and reaction mechanism will play important role

in diagnosis and treatment of disease and the development

of new drugs.
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T2 do] 23] WAt delAN, hiF HIAHES F2

7183} opxizix] BAelN 159 g LSS dFEA 4



3htct. olupx, HA9} A3iA| JHHL] EYUF fitting
free-energy  profiled| A&l a4  ofyX|ef] 3|3
hydrolysis £} dissociation®. % high-activation energy
barrierS A Z3tct, Serine TLEEolA] A3 A ] BAE F2l=
71 A Q ZZeolA AAEL "EF-H AR FeE)
g 7}x|5L ¢Jom, o] Chymotrypsin/elastase®] Z|3|A|7} A
siAe] 7HR AFFHA YU EFE mEthe RS HUsiFy
olth. H]% Serine ZEejobx] thA 2] riFRt FFolE =+
StaL olE 3 AR FRe= I8 (10)0A B F%o] of
Z {51 ol g FAIELE HE Serine EEE|olA *| 3|
HE 7]u3to] olHAZL] EXJ} E2 qrt. miepA], Hd ¥
A AEH T2 B4 Y2 23U B2 HEjo|=EFoA
Ribonuclease A kY 2l of| A 2] N-terminal % 1~13
fragment(K-E-T-A-A-A-K-F-E-R-Q-H-M) 8] =Ro] #3lo, L&
¢t CD(Circular Dichroism)®] A& B 2xFRE PJA3lL
e ZLE the AFHo|A A or}, 234 NMR, CD 223l
Molecular Dynamics@-7-& B3t & AelolA e IR E
o &35t3, o]|8] 2R E native RNase AQ] TR} Hla O F
A g2 Helol oAl 2xRP Y HF S HIALA ST
dutzio g &L MY $E}o]=(<30 residue)s= aqueous
S0l FxF TR FHE ZA] X5 wepA, 3 #
7he] SHolgt HEelo]=of chsfrTt 2 single favored
conformationg Zt= ZALE HUSZE oA Sirt ey, whiA
2] folding H|&t RS A bl A 2] 2 fragment7} YT

728 Zon o]zio] AU} Helsel g uf TL native



BEfS] FRE YT A=XS FASt= A2 v F23
C}. o]ZAL ZAz§AQl "kinetic intermediate”7} APH O T
S 7hsstal HAs| 85 o ™ufqte] 7153t}

2|71 43 =%t RNase{E|2] N-terminal HE}lo]t =
B MEolER2 A 258 X7 A4 HolF 23 Native
conformation2} o}F AR FREF Zt= 2o % dgA r}
chi A foldinge] 7|2 RWo] mlEH 22} PR HEESS
folding2tg 2] X7|of Bdxn, o|Fo] AME AZF AFo] %}
&35l ¢HE 3} EHA] ohlale] 3x FRE= ol UYL ¥

folding®] X7|TtAIE AX|=d ¥E Frl. 53], 82 1
elil 79 Y2 o]t foldingd] R7] THAAA =
He{L 3 2} I He} A2 2pE3irt. o] T AAZ &
3 folding?] 27| ©AAAM 2x 2R JF L A7S ¢3 &
d AAECRAN MY HElo|=of WL BAHE ZHA ol FH
7] A8 Helole= BolAM AL FRE ZX] e Zo=

o] ATt o]3gt A= =EFF helix/coil o|Fof &]3]

H

supportE o] Xt 33}, ribonuclease A8l c-peptide= Y2
ZEoA helixg B8st= AR d8A den, B-turn
2712]  helixZ7t 2xd 'H NMRol 2l&] #EE|o]Hch
Ribonuclease A8] c-peptidedl] QUo{A] helixBWAA-2 Circular
Dichroismol] &]3] FH2I3tA AFEojACL ofn| =4t X3
i galt-bridge FAES XEFdI= olnjxAl7|7He] Sol¥l
old, wWakE7|7te] Y e]3l helix dipoleg ZiL QU=

terminal charge 2§ 7H2] ol 5L HRItl A7[A FEl= U



& w9l Eof &5} Ribonuclease A2] N-terminal SJE}o]}
=ofl iyt 8o Aejof 2] conformationg 83573} CD
gl 2-x}4d 'H NMR 1@]3, Molecular Dynamics €38 ZAZE
Belch % 110A KBy F5ol ARG overviends: EXRE
T A3}t Circular DichroismE o] &3t pH, &% 18|32,
TFES] s mE HElo| =8 221 FRP/AY WIS A+ A
3, 7R 23 2 FAEY HFH 2AS dojdFoll NMR A
2 A% stdnh 2@ 118 SXojd o] FXo| 1-D AYE
22 K J(NH, CH)E F3ld, o]&E FH 22 angle
constraintsE ZAA dlacrt. EZ A|3do] thFt assignment
2tz} ol :=AFe] COSY 22|31 TOCSY cross-peak® HE|2] SA
Z o] sjel2} CAPRI softwareE o]|-8-5}o] HWIS}A assign ¥ o]
ot A, ¥zie] Felo JARF FHE ¥7] #18HA NOESY &
HEZHS o|L3tLY e, NOESY cross-peak?] volume
Mardigras®™ softwareE ©]23}o distance constraints& ZA A
stRch 5 ol JF A4S #8 DIANASH:= distance
geometry softwares o|-&3}o, FTRE AAEstgct nix[ete
2+ Restrained Molecular Dynamics& o|&3}od final 3-D
structures st
HeEfo|l= g2} BA= olu] JleHo X2 43K
Al
3% 12= RNase 1~13¢] ch3t (D £HEHS] HA3E U
Epdct. 1@ 129] (A)= 25 TollA 100 % H02t Fx}H o=
TFES] 52& F7I AZIHA Helix7} F7lst= 4B & 533
gt 2% 129 (B)= 0 TolM TFEY s ‘HElo] me}



Helix7} 718l A& SstATh ole’t Z3} pH 5.3%
TFES] =7} 50%duf o4} W= 713 HelixPFH S wol
sb1 Q= Rog AWSolMch wehd, oley ZAstolA
2| FZRE4 S WRE o]&slo F33tqct. 29 132 0 T
2] TOCSYAHE Ho Fr, A|Ldofl thylt assignment= A
&3tE £yl ATt Table 3o Zpzbe] Alado] tfgh
assignment 7} tabulationX¥|o] <Qlt}. 1@ 14:= NOESY AWM E
& HojFn, o]t Helo]== 0ToA 0.1 M NaCl, pH 5.25
oA 50~60%¢] Dol o13) ZAV Helix®4el Hrhdg 39l
T} NMRS 9%t A8 50% 'H,0/50% TFE, 0.02M NaCl, pH 5.2
10.0500 4 £H] EH2UL SHEIHTE pHIZ pH meterg)o]
FAER] ot22f AFE-E|Qctt. o]xld NMR AMEHLE Unity
plus 600 MHzZE 7]F Egon, &%+ methanol EFNS A}
L35t R AE|o]ACE COSY, TOCSY ! NOESY A¥S States-
Haberkern ¥W!'H-& A}R-3}o| phase-sensitive modedi|A] 3VE]
o]t} & peaks presato]L} pulse-field gradiento] £|3j
suppression ¥ o] & t}. 4096 complex pointso] ti3}] ~512 t,Zk
So| RolAOM, t; block® 128 scano|] REo}HT}, NOESY £
HE gl 200, 300, 400 22|32 800 ms?] mixing timed Zt3L
Hol AT} w,; dimension Lorentzian-to-Gaussian weighting

& o0]23} processingE|o]A I @, dimensionS 7 FHE x/2
phase-shifted sinebell weighting¥t4+& ©]|-£3}o] processing
5} t}. NOE cross-peak? 75X volume integrationo 2|3}
AAg]odr} i, coupling constantiE 1 XpH AMERH] 2]

3] =Ax|o] Admm, coupling constantE ©|-&%t backbone



torsion angleo] AHAlx]of, Table 40 tabulation ¥ o] AT}
RNase(1-13) 'H NMR AS|E Q] Al X2 23 NMR
o] &3l BT ATt g-cosy B tocsy® FE AAH Aul A
AE1Ql 2] A L phase-sensitive NOESYS ©|-835}o{ sequence-
specific assignment®}H O T <£IPE|oJHACTE BE= dan(i,i+l)
NOEEo] JASFH|FR, ¥ den(i,i+l) NOE] IAFZ
conformational space®] B-9Ho)A] back-bone dihedral Z}
=29} A extended-chain FR2] W H|ES EUZICI= A
& oujFich A3 dali, i+1) NOEES &0l o s W
S MElo|=ofl A HSFHTE FHH, dw(i,i+l) connectivityZ}
RE ohuiitoA TFE o HTH EZ THe¥ 10 den(i, i+3)
NOE2} 10 dgg(i,i+3) NOEZ} EF=Er}l Sequentical dy(i,i+1)
NOE2} overlapping medium range d.n(i,i+3)2} d.z(i,i+3)
NOE connectivity+= helix?®] &2 ZAISIH, AFHolXE helix:=
HEIO|E residue 2-62} residue 8-12%= helix7+RXSF A%}
= e grlRith A7IM FHsjofd A2 B MR A ¥
o|L} CD A¥Ho| a-helix®} 3 helixE F+HY 4+ ¢Qir}. Ala
02} Lys 72} Phe 8 W Arg 10A}o]o] #HSH nj37 <%t d,
n(1,1+42) NOE connectivityx= 3,0 helixo| AL R7] helix turn
2] low populatione.® FE| AAESL Qv RIH BE NOE
£ 400 nsF2 &2 mixing timeollA] FAEojHOon,
2] NOESYAlE O T Hy B %3 NOE build-up curve: 200,
300, 400ms®] mixing timeE Zt37 $£IyH A= o]yFl
mixing timed|A] spin-diffusin $Alo] FA|¥S At A S

QtAlgtct, Helical conformation?] E&2§& 2&Ju]dl= NOEo] A



7V A SElo| = back-bonedl] A kinkES U 4 ol olu| Al
residue Zt2] NOEX ¥ Zz|%ict o]ja3t NOESo] HEQ]
regular helixollAj+= Ho]x] ¢t o RN(1-13)

ofj Aq] = Ho|gt NOEQ] class & H.Qlt}.

RN(1-13)o)] th¥} interresidue NOE connectivity7} &
152] (A)oll fofx]oi= ¢ltt. 13 152] B native RNase A2
WR 727} 2o Sold gith. T Alel 2gold Hel Fxo)
712202 ME}O]E N-terminal 1~13 TR J|2HO0§ tl
AL DA E Zo|7t UFE HAETL ol o] R
HOo T ZEZ|5}+= random coil}2] average FRoj] 7]¢l 3=

o T Helr}

RN(1-13) ®lE}o]=7F 5 oM, .05M NaCl®] H, 442
chemical shift ¥2}7} pH Hilo] ol ¥4E 128 16 o] &
of Hcrh AMEHS cf3t assignment:= olzfoA AHE B3
Xlol AT} Ala 4, Ala 5 8|3, Ala 68] resonanceS5L HE}
ol=2] R7| titrationdPBol &3] HI1 Fojzn} et 3E
o] pH ¥H3}o] o}E chemical shifte] HEE 45 T Z2} y]
A Elo] Hom, 45 ColMdE #AZ random coil & FA 3t}
= ALE 3y HolFon, O olf= FR2 WHEl 2%t
o] opd T pH WHElo] mpE FFS AASHI] fIsiAMTt. 2

2=, wEA F 7 Helg 7HA B3PS 7RIS 2

= U £ Rlae &

o{7]4 He folded species 12|53l C+= Coil species& 2z}

LIERL Y  o]2|¥F  curvex= helical state?] AcfFel



population®] pH dependenceE XK.QIt}. 32718 4 Al
th¥} weighted average curveZ} Hof Frt}l HBLE ]l
shift x}olZtol]l chis] UE 100sSF FE=F scaleXx|o] AT},
Helix®¥ 42> pH ~b5olA Z|rh7} H™, HelixB¥g< pH<A
pH>8OJ A Zlt) 7742} 7% 7+A3ZIct. H|S pH dependence# E.
o] dxtAQl Rofo] (D AMEY 23 o] JAYR FAES
Helcl,

Helol=r}  whAoA]  helical FRAIAM]  Anide
chemical shift periodicitysS 7}X|3L eth= Aol zhalix]o]
ATt AAHQ helical FRoJM = olnjolE £42] HF
chemical shift:= ¢} (0.2 ppm upfield shiftE 3 A -sheet -
Zold = o 0.3 ppm down-fieldZ shiftHrTh= ool B3
7} 2lojdct. o] ¥t helical FRoJA 2] chemical shiftoflAf
2] WH3l= NMRA|A oAl amide 4+42] NMR chemical shift7}
3~4 residue/cycle?] periodicityE 25l QU= o zhd
5loitt. o] ¥t helical periodicity?] &l £4AZ3%E Zo]
2 F71FA Bl 7|3ty o]¥t LAY Zo| oAg
perturbation olnfo|e 4£42] chemical shiftol] ¢ 1 ppm?]
M3E ol YTy, ol ¥ BHZ helices? hydrophobic
face2} HHAH AIchFQl downfield shift2} AXx|3tc}t ulapa],
TAAY Zol2] HM3lJ} Chemical shift¥3}le] o] ==
BI7IX] FAH7} QAct. AR residue i} i+3 olnjo]l= 449}
o] NOEZtxollAe] 22 w3l ZAxlojx chemical shift
ol el F7]d(periodicity) hydrophobicity7} ZtAELEE

H|S HA|HQl helical A2 F7I%icin gxjele A%}



oj2{§t ojnjo]l= £=4 Chemical Shift2] periodicity:= Z}x|ql
TAZ4Y do| W ZixoA e F7]3FQ Hilo] 7|Qldte] T
Ao|L}t aqueous-BoflA| HJE}O]= helical FF& HAo|r}
v, w3 helical FX7} ofFol 3]l geometryE 2
2 AUAY kink F2  ASHA HAA Fee= ol
oscillatory chemical shiftS K.olx] ¢34 Qrl.

18! 172 RNase A HE}o]lE fragment®] helix +X¢| 3
4 AEE HYUSL3 native RNase A THi A} 23 xjol&E
ZA}5H7] 213 M Elol= @ -H2} random coil ZHe] Z}o|& I E}
olE sequenceME Ko Fr}h of7ofA UERRo] HE}o]
2} native proteinZte] 2 X}jolE Holx] = chemical
shifte] periodicitysS Xo] Fcr} s, T2l 178 (B #]
Elo] = N-He] chemical shift IS Hol Frh o] gl
Ko 3E50] native proteindlAe= 3~4 residue/cycled]
periodicity& 7}R|3. chemical shiftZ} oscillationd}te A S
Hol #HAFE g-helixE FPsl= RS Bosch ey,
Elo] = fragment= HIEA] 18§t SRS Holx| olon, o=
random coilZ} g-helixE wjEA] L7lHA HHSE olFECl=
AHd & HoFErl

2% 182] (A)= coupling constant® HE W} angle
constraints?} NOESY spectrum®.® HE] L& distance
constrainty o]|&3}3, DIANA programS o]&3to HAMg)
RNase A HElo]=2] 3xld FREF HoFH, 18 188 (B)=
Molecular DynamicsES o]&3ted S Elo]=9] dynamic forms2l

superimposed structure ©|T}.



oA B2 Ao} E2 WYLRE r|ARIF inhibitor
peptided] FRXE F3H5}, inhibitor peptide?] active
conformationg FEHHULCZH lef Fule] 7|vtE AH 5t x}
st4i T






AFNY EX= AFEH B
3 e HEjolse BHZZE BN nE HEjo= T
Z3} Js7e] ARAAS FPsIAA} Y BEED st on
olg $i8l T WElol=o] WHTZE FHE 9% Hz} A
Edold 71Ye Austn 2t Helo|=Ezie] Age v
27)%, 7S HWelols W chyael sty T Hal, Az
g YAE Bse] A A, MR data 43, T
NMR 7|, DSP ¥ PFG 7|& 5 W 8, Zfy rdd
2 Bx7z e 8y, ofuxate] MElAy AP
gk Bxl 2 EBelold why szl MEld TR
g o8 T AANES ¥ HArh EY RHI=
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Figure Caption

Figure 1. Root mean square fluctuations in kinetics,

potential, and total energy measured at 100ps

Figure 2. A set of equilibrated conformation of HLA
compares with X-ray data, which is represented as ribbon

model .

Figure 3. (a) Root mean square fluctuations about the
structure averaged at given time interval, t, from 100-ps

simulation of HLA (b) Root mean square fluctuation

compares with the B-factor derived from Debey-Waller

factor.

Figure 4. Cross correlation coefficient of time series

between HLA-A2 and viral peptide shows about each
P1,P2...P9 of viral peptide.

Figure 5. Residue-Residue electrostatic energy between
each residues of viral peptide and HLA, which are plotted

versus residue sequence of HLA.

Figure 6. Averaged cross correlation coefficient of

between residues of HLA is plotted above the absolute



value, 0.3. The bright mark shows same direction of
motion and the dark mark show the opposite direction of

fluctuation.

Figure 7. The geometry of particular residues of HLA to
form the hydrogen bond with the peptide bond of P1 and PZ,

P2 and P3, and P8 and P9 of viral peptide.

Figure 8. Dihedral angle and distance fluctuation of
particular HLA residues to need the formation of hydrogen

bond between the peptide bond of binding peptide and HLA.

Figure 9. Dihedral angle and distance fluctuation of
center of each pairs for keeping the plane of backbone

torsion, @, in binding peptide geometry.
Figure 10. Superposition of residues P3 to P2° of the

reactive site loops from a selection of protein inhibitors

od serine protease(Chymotrypsin/Elastase inhibitor, BPTI,
Ovomucoid inhibitor, Chmotrypsin inhibitor, Leech

inhibitor and Bowman-Birk inhibitor)

Figure 11. Experimental Overview

Figure 12. CD spectra for RNase A N-terminal pepride



fragment(1~13)

Figure 13, TOCSY spectrum(mixing time, 125 ms) of RNase A
(1~13) fragment in 50 % TFE/ 50 % water solution at pH
0.35, 273 K

Figure 14. NOESY spectrum(mixing time, 800 ms) of RNase A
(1~13) fragment in 50 % TFE/ 50 % water solution at pH
5.35, 273 K

Figure 15, Summary of sequential and intermediate-range
NOE data for (a) RNase A (1~13) peptide in 50 % TFE/water

solution at pH = 5.35 273 K (b) native RNase A
protein(Biochemistry 1989, 28, 5930)

Figure 16. The chemical shift change as a function of pH

for Thr’C,Hs and Lys’C4H at 0 C and 45 C.

Figure 17. (A) aH chemical shift difference from random

coil chemical shift (B) Amide chemical shifts for native
RNase A protein(ll), Rnase A peptide in 90% H20/10% 2H20
(@) and Rnase A peptide in 50% TFE/50% H,0( A )

Figure 18.(A) The starting conformations used by dynamic

force protocol, as derived from DIANA (B) Ten superimposed



peptide conformations, which were calculated by molecular

dynamics during 10 ps.



Table Caption

Table 1. Root mean square departure of HLA from X-ray

structure averaged at molecular dynamics simulation

Table 2. Residues of HLA which is contact to each atoms

of side chain of Pl, P2, and P9.
Table 3. NMR Parameters for RNase 1~13, pH 5.3, 273 K in
00% TFE/water solution. Chemical shifts are in referenced

to DSS and are accurate *0.01 oom

Table 4. aJNH,aH Coupling constants(Hz) for Ribonuclease A

(1~13) fragment and calculated backbone torsion angle.
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Table 1.

Residue MSD Residue MSD Residue MSD
GLYn-1 2.220354 ASP-61 1949049 | GLY-121 2721613
SER-2  1.707931 GLY-62 1.404654 | L.YS-122 2012151
HIS-3  3.483039 GLU-63 2.065601 | ASP-123 2911790
SER-4 1.317193 THR-64 2.190602 | TYR-124 1.938269
MET-5 2.092099 ARG-65 1.777521 ILE-125 0.9024469
ARG-6 3.263488 LYS-66 1.976580 | ALA-126 }.446023
TYR-7 2.996427 VAL-67 2.346754 | LEU-127 2.272534
PHE-8  1.8S1075 [LYS-68 3.619310 LYS-128 4284694
PHI1:-O 2.923079 ALA-69 2.885932 | GLLU-129 2.41 1080
THR-10 1.334852 HIS-70 3315078 | ASP-130 2.564()58
SER-11 1.858981 SER-71  2.163494 | LEU-131 4.100939
VAL-12 2.131888 GILN-72 2961194 | ARG-132 2.366172
SER-13  2.681310 THR-73 3.028329 | SER-133 2.040283
ARG-14 2.214572 HIS-74 2.734226 | TRP-134 1.175998
PRO-15 3.414025 ARG-75 3.302910 | THR-135 1.329630
GLY-16 4.167842 VAL-76 2.326133 | ALA-136 1.485154
ARG-17 5016471 ASP-77 2.045001 | ALA-137 2.358674
GLY-18  3.95439] LEU-78 2.430578 | ASP-138 2.738698
GLU-19 3.193508 GLY-79 2.364909 | MET-139 2.015826
PRO-20 2.375443 THR-80 2.085000 | MET-140 1.750430
ARG-21  2.495743 LEU-81 2.362372 | ALA-141 2.582864
PHE-22 1.816054 ARG-82 3.799925 | ALA-142 2.631183
[LE-23 1.793883 GLY-83 1.951878 { GLN-143 1.876012
ALA-24 2.107814 TYR-84 1.828382 | THR-144 1 .868130
VAL-25 2.07504?2 TYR-85 2.514936 { THR-145 3.353262
GLY-26 1.489328 ASN-86 3.269105 1 LYS-146 2.155667
TYR-27 1.906071 GLN-87 2.565025 HIS-147 2121718
VAL-28 1.893644 SER-88 2.420315 | LYS-148 2.454134
ASP-29 3.162542 SER-89 1.725464 | TRP-149 2.443368
ASP-30 2.469510 GLU-90 1.809360 | GLU-150 3677772




THR-31
GLLN-32
PH-33
VAL-34
ARG-35
PHIE-36
ASP-37
SER-38
ASP-39
ALA-40
Al.A-4]
SER-42
GLN-43
ARG-44
MIZT-45
GLU-46
PRO-47
ARG-48
ALLA-49
PRO-50
TRP-51
ILI=-52
GLU-53
GILN-54
GLU-55
GLY-56
PRO-57
GLU-58
TYR-59
TRP-60

2.348141
2.608705

1.838058
1.731580
2.438353
1.'700850
2.220211
1.707263
3.512294
3.195119
3.201798
3.000260
2.181588
3.098373
2.608573
2.650274
1.587790
3.554029
1.479713
1.720836
1.502915
1.720277
1.990236
5.251287
3.151606
1.770577
3.045340
3.201877
1.939696
1.523003

ALA-91
GLY-92
SER-93
H1S-94
THR-95
VAL-96
GLN-97
ARG-98
MET-99
TYR-100
GLY-101
CYS-102
ASP-103
VAL-104
GLY-105
SER-106
ASP-107
TRP-108
ARG-109
PHE-110
LEU-111
ARG-112
GLY-113
TYR-114
HIS-115
GLN-116
TYR-117
ALA-118
TYR-119
ASP-120

1.687448

3.2(05628
2.559277
1.432254
2.219260
1.563804
2.244030
1.777879
1.987976
1.224135
[1.141957
1.299877
1.687799
1.503640
1.839533
2.955948
2.025032
4.582081
1.513719
2.185498
4.601539
1.329832
1.139694
1.915552
1.121192
1.458465
1.331536
2.382988
2.518611
2.151010

ALA-15]
ALA-152
[1S-153
VAL.-154
ALA-155
GLU-156
GLN-157
LEU-158
ARG-59
ALA-160
TYR-161
LEU-162
GLU-163
GLY-164
THR-165
CYS-166
VAL-167
GLU-168
TRP-169
LEU-170
ARG-171
ARG-172
TYR-173
LEU-174
GLU-175
ASN-176
GLY-177
LYS-178
GLU-179
THR- 180

4.064148
2.614686
2.512995
3.966718
3.790596
4.2°78584
4.556818
2.229196
1.542380
1.387871
1.890299
1.560178
{.840971
1.352102
1.529341
2.789709
1.844293
1.416283
2.733412
2.081881
|.448414
1.643226
2.192842
2.732751
1.954173
3.765551
5.721435
2.326481
2.043425
4.664959




Table II.

Peplide

HLA-A2

TIHRn:1:CA
THRn: 1:CB
THRN:1:0G1

THRn: 1:HGH

THRn: 1;CG2

TYR:7(3.47)

TYR:59(3.02)
TYR:59(3.22)
TYR:59(3.77)

TYR:159(3.36)

TYR:59(3.00)
TYR:171(3.67)
LYS:66(3.47)

LYS:66(3.68)

THR:163(3.19)

GLU:63(3.56)

TIIR:163(3.52)

TRP:167(3.30)

TYR:159(3.75)

TRP:167(3.72)

TYR:171(3.48)




LEU:2:.CA GLU:63(3.87) TYR:99(3.63)

LEU:2:CB TYR:7(3.44) GLU:63(3.38) LYS:66(3.91)

LEU:2:CG TYR:7(3.78) PHE:9(3.49) TYR:99(3.47)

[LEU:2:CDI1 | TYR:7(3.65) PHE:9(3.57) LYS:66(3.91)  VAL:67(2.96)

LEU:2:CD2 | PHE:9(2.95)  LYS:66(3.21)  VAL:67(3.90)  [1IS:70(3.68)

TYR:99(3.76)

VAL:9:CA | THR:143(3.18) LYS:147(3.71) TRP:147(3.77)
VAL:9:CB | TYR:84(3.81) TIIR:143(3.13)
VAL:9:CGl | ASP:77(3.64)  ARG:97(3.78) 'TYR:116(3.45) THR:143(3.27)

VAL:9:CG2 ASPTI(3.18)  THR:80(3.89) LEU:81(3.26) TYR:84(3.93)

—

TRP:147(3.72)

TYR:116(3.91)

* paranthesis 18 the lowest distance between the assigned peptide and HLA-A?2



Table III.

i

Restdue NH ol PCH others
Lys' 4.33 2.21 Yy CH:
6 CH;
CH:
E NH_;-
Glu’ 9.04 4.81 2.40,2.29 y CH.
Thr 8.29 4.69 ? vy CH:
Aly’ 8.70 4.43 1.71
Ala’ 8.17 4,14 1.63
Ala® 8.01 4.42 1.74
Lys’ 8.14 4.28 2.08 y CI>
o CH-
£ CH]
£ NH;
Phe? 8.21 4 .82 5.35, 3.19 2.6 H
3.5 H
4H
1’ 8.29 4.41 2.24 vy CH-
Arg' 8.38 3.41] 2.19 y CH,
o CH-
¢ NH
NI{_';
Gln" 8.65 4.37 2.44 vy CH.
o NH;
His'- 8.32 4.66 3.32.3.42 2H
4H
Met'" 8.17 4.67 2.39,2.32 Y CH-
£ CH*

1.76
2.00
3.29

2.66
1.56

1.69, 1.58
1.91
3.19

?

?

?
2.67,2.54
2.01, 1.96

3.47

7.51
7.43,6.82
2.84,2.72
7.54,7.10

8.37

8.49
2.89, 2.82

l)

L el S a XY T T T TR -—



Table 1V.

RN-13 in 50% TFEAwater *

Residues Random * RN-13°
Glu” g7 (-142)° 6.1
The® 8.1(-148) 7.6
Alat 6.4 (-163) 5.4
Ala’ 5.9(-166) 5.8
Al® 6.4 (-164) 5.4
Lys’ 7.6 (-133) 6.1
Phe® 7.9(-150) 6.6
Ghu’ 8.6 (-143) 6.6
Arg'” 7.7(-152 58
Gln" 8.1(-149)

His '~ 8.0(-149) 7.3
Mot 84 (-145) 7.6

7.3 (-155, -85)
3.9(107, 13, 177,-57)
5.9 ( 85, 34,-167,-73)
4.4 (102, 18,-178, -62 )
4.9 ( 853, 35, -175, -65 )
7.8 (-151, -89 )

5.9 ( 85,35, -167, -73 )
4.8(97,23,-175,-65)
4.2 (104,16,179.7,-60)
5.6 (89, 31,-169, -71)
5.9 ( 85, 35,-167,-73)

X-ruy crvstallograpny °
3.1 (-49)
6.0(-74)
3.7(-56)
4.4 (-62)
3.8(-56)
3.7(-53)
35(-54)
3.6(-35)
3.6(-55)
6.3(-77)
9.7(-120)
Q.7(-116)

" the structure was built by using functional 2roups anvaituble in the software. The geometry 1s minimized by Amber

torce freld Gl the gradient is 0.03 keal and 2Jvir4 coupling constants were caleulated Narplus relation *J = 6.4 cos

1§ -6 -1.4 cos (-611") +1.9[]* calculated torsion ancles, ¢ < Experimental values from 1D spectrum (CH-O,

pH = 3.80. 303K) * from 1D spectrum (50° TFE/water, pH = 3.98, 298K) “ sczment of Ribonuclease A is

minimized by Amber force ficld and caleulated the coupling constants.
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