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We are developing a system for protein sequence analysis, coupling
the database of amino acid sequences of proteins with application
programs on workstation SUN3/260. By the system we can retrieve any
sequence data stored in the database and analyse them to get available
information on folding type or secondary structure of proteins from
their amino acid compositions and sequences. The fundamental algorithm
of the analysis is based on the correlation function which is widely
used for the analysis of random data.

Here, we will describe the algorithm of numerical analysis of protein

used in the system.
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Protein sequence database.
name /. p3 protein human intluenza a virus
source human influenza a virus (strain a/pr/8/3
nbr f p3iv34
reference 1 (sequence translated from the genomic rna sequence)
authors fields, s., and winter, g.;
Jjournal cell 28, 303-313, 1982

update 12/07/7%
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comment this protein is probably one of the three rna-dependent
rna polymerases.
sites from to description
matp 1 759 mature protein N
sequence 759 aa

merikelrnlmsqsrtreiltkttvdhmaiikkytsgrqeknpalrmkwnmamkypitad 60
kritemiperneqgqtlwskmndagsdrvmvsplavtwwnrngpmtntvhypkiyktyfe 120
rverlkhgtfgpvhfrngqvkirrrvdinpghadlsakeagdvimevvfpnevgariltse 180
sqltitkekkeelqgdckisplmvaymlerelvrktrflpvaggtssvyievlhltqgtew 240
eqmytpggevknddvdgsliiaarnivrraavsadplasllemchstqiggirmvdilkq 300
npteeqavgickaamglrisssfsfggftfkrtsgssvkreeevltgnlqtikirvhegy 360
eeftmvgrratailrkatrrliqlivsgrdeqsiaeaiivamvfsqedcmikavrgdlnf 420
vnrangrlnpmhql lrhfgkdakvl f qnwgvepidnvmgmigilpdmtpsiemsmrgvri 430
skmgvdeysstervvvsidr flrvrdqrgnvllspeevsetqgtekltitysssmmwein 540
gpesvlvntyqwiirnwetvkiqwsqnptmlynkmefepfqslvpkairgqysgfvrtlf 600
qqmrdvlgtfdtaqiikllpfaaappkqsrmqfssftvnvrgsgmrilvrgnspvfnynk 660
atkrltvlgkdagtltedpdegtagvesavlirgflilgkedrrygpalsinelsnlakge 720

, kanvligqgdvvlvmkrkrdssiltdsqtatkrirmain 759
B 1 7 I /7BBRATF— % D formatfy

THODEHBER T DEPHNBALPLSPEINRAI1BEDD 7 74N ERD ST W
5., 2. 9EWNEMEBEOLHBIEZETAV I RNy P MEZERNRLELOESRLEZ N
PRI TWEB 774NV ELLLEBEYRXREF-7Z77A4ANVEHEBELLE, ¥ —&F
— b 520 bEHERIE. ToERETF - HEBREINTWE 771
NaoE®ES 25D Y AL 7 ANETERIRSE., XS LT.
EBEODEHANEF —FINDT 727€¥Z2BYREF - T 74 ETHBELRI-HERE D
twirCuxanne., o, MEBEBECET 257 — % KHEH Brookhaven [ 52
A obox#MBAL L,
MBEBLALFERHIINT X —F

FARHAER., a b A BB 2R ELXYET I/ BIECBEBHAELZS 3
HWowmBRLZH NN X ¥ —%*HELIWS,
BETFTMNITY X A

20D XFH sis2--c-sa BRUE tatz--t.a BHEZ LR TE,. 220DXF
sitt;, oA XLV oR kLT

fli,i)=min{f(i-1,j)+1,f(i,i-1)+1,f(i-1,j-1)+d(s.,t;)}

PR ALY, 22T, d(s:i,t;) & si=t; OB 0 . s;*¥t; OB 1o # %
#%5. CoR*bric. TOHOZFEIShRALXLVOFEE®HEANDODIEMN 2 HEL X
T LT misspelling2 F T MEE2IT S . Z8B. 27T Y XA C -8
EFTERBEL L,
3. —XBEDOBFERN

2T RBERDESTRFE 77723 AaRThHh TN B ;
OEMoRYIELED BRI ®
@ folding type (a, B, a /B, at B ¥ hitiarhZons47r) R
HEANTETAHT®
@ homologyte Ic X 3 2 X WMATH>
@ HB&EIC X 3 sequence homology?d B if ¢-*°?
BTreochsonoT7rdY X siE20TB XL wn,

{3)



HEEk I8N HDEL#H® 'R sequence homology o H i ¢ *°°
207 I/ BUBHEAEODI S THEBELALFRH LB CTCRATE DT . 5
o7 I O BEAMR DX A EOBRMNICERTE S, 2T, BEAOD
BYELHEODEEHZ2L-DECBECHBARRASFERTESZ ., I 0 BREOD
3ol XoBRALHALT . B E2EDS 7o CHEANR X
> (x(i)-x)(x(i+r)-X)

i=1

A (7)) =
[{ = (x(i)-X)2}{ = (x(i+r)-X)2}]*r"?
1 a-¥ 1 n-x
2L . X = — (= x{(i)) . ¥ = — (= x(i+r))
n-t¢ r=1 n-t¢ r=2

LEXRT B, 2T, {(x(i)) Bbr AL ZTHRELLFEFN LT RTERS LR
Thsr.,. ABI. 22007 IV BRERA. X (B8 X oo H»H) £ YR
? homology DB E ¥ 3 5 - i H # BB & ;

> (x(u+i-1)-X)(y(j+i-1)-¥)

i=1

c (i) =
[{= (x(u+ri-1)-X)2I{ = (y(j+i-1)-y)2}]jr/2
i=1 i=1
1 n 1 n
L. X = — (= x(u+ti-1)) . ¥y = — (= y(j+i-1))
n i=1 n i=1

*HA AT B, C0RNE (X 0HpBEELERE n oBFA (WBEBORE
THETHD . un-1l EATKR DS ) TRA Y D1LEFHNODEE (j=1)»r 6 KX
EFFELZF S HARAAZTHRILTIALK I EICHEIT S, ELI0FER 22X
T ERTE S, AL

k

> (xr(i+l)“zr)(yp(j+l)_gr)

C,(i., j) =

[{ = (x,(i+1)-CT.)2}{ = (ye.(j+l)-cp)2}]1r72
ST . (2k+1) B H®K T XN Esegment (7 I /JBEAOHK NN ) 0 & —
(2k+1) O E 8 ®» "frame"® Wiz . window” THD . c.lENT X —% p
D207 I/ BETCHODEHHETHSE., 2T, S/ NEERLSTBLZD
HEARKDDTEY 2R ;
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1 . 1 .

A(z)=- = A (5). C(j)= - = C,(j). C (i j) = - = Culi.j)
n *=1 n *=1! n »=1

T . n@3NIFT A —DEBTHE.,. ERARIEHEH LD ToENDIINTF X

B E WY TH B EHFREITLW, 25T F. ZHFwicHBET

BRI A —FTKRKDSsh: HBEBRICweightB » H» 55 ThHhas. COoORHME

TRRT BILDENEINR NI A - BLECHEAF»HRODFEZRVWTLTO

X3 NI A —% - &y P EFRUVHL L1000,
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B> T.n=6 Thsd. B, C.(i,j)2 87 % 7 D window” D E 3 X 11

HAYTHhS. B . (2k+tl)=11.

L 6 DDNIFT X — 5 ol h sy PEMHEIIERKFLZ MEhomologyd B

Lbh 3 (s, F§VWHBEA —0.4 U0 —FHBoLN2BAHICEWNIT kB L

? homology B ¥» b h % ) .

folding type ® H B A SN 5 & T A 7 *
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EHEHEND7 I /VBHRB20XTERMD1I g LTRING, B£->»T. &
HEODXHBHRB D2 0XRTPHREBRE DI PMLX2ETEITHAS., 22T
HBEORNNLZEERATONEFBRADODL O folding typed MM D HEHHA
BrxrNRNELZoHREBAALCBWTIWLSD2PDIAV—-—TEHTBEIEZEHAA
Koo o o» 27—y W /S / BEAKDODEBERALEDD . EEBRNETE S
HReRttLTsBBL., 9. B XFy 7L LT hr2¥EF2RoOEEEZHLTN
— 7 LTHEDHE, Rz, 2oL 7V —7%DEHHEZ%reference & L T
— 28 D I NDreference point D F M H L 6 0O ED X Kk AICASDEHE X
XD . L TELEWEEDFM%¥ . reference ¥ § 52 FEHHE %2 > 7 LT
ALt THELEXD S, COFHEEDHDLALIEHENFI OBMUOTIIE & 3 %
T2 ERFDI . 2535 LTC13@MeeHprBEIh7Vv—7RTh ZThEKRAD
ME (MBoOAN) SEWMFHMBE (enzyme® nonenzyme) X folding type
CEWWHBEYD P HBELL,

Homology#& Ic kX 2 2 K & o F W °°

COFEODEEXBNTATFTIE. BN OB (homologous% ) EH H I E M
NDIAYIT FRXA—YaryiERBLITHH>GI>LEIDHHLRERRPPLBETWS ., BHA
FREMoBEIIBEAEY Y HhBESABRBAo WL oo ERELEBL. Cht
homologousZ B M » 2 X W& (a . B . Coil) 2 BX . ZoHEK (n .. n,,
nI)EBRIZEF . BB C (i, j)HO03LEDLOFBREN LB WL

B . 2R ENDANRT (i, j) % homologous: ¥ 5 & 2T . 28 B D weigh
ting factor v ¥ W % B A ¥ 5. B 5 . 0.35C<0.40 B » = 1 . 0.45C<0.5
DBy =2 ZFx, WRR32D2ryT7axA—YarRBae. B. coildDHFHXE
H#*%2ERELMLfactor ThH 3, T35 LT TFHICHEDLDRZNT X ¥ —qk LT
nx
q =W = vy (k=’a\Borcoil)
j=1
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Keyword : keratin
Search 1 Methodi (RN (01T
Analysis : Autocor-g (DN (Q0IT))

alpha-tubulin 351 aa
human cultured keratinocytes (from epidermis), fetal brain
colla beta-keratin emu feather 102 aa
colla sheep keratin scmk-b2b 156 aa
sheep lincoln wool high-sulfur fraction scmk-b2b
colla sheep keratin scmk-b2c 151 aa
sheep lincoln wool high-sulfur fraction scmk-b2c
colla keratin high-sulfur fraction iiib2 97 aa
south african angora goat mohair
colla keratin b-4 protein fowl feather barbs 9 aa
colla keratin silver gull calamus 98 aa
‘in? feather
colla kerafjin high-sul fur fraction, scok-b2a 171 aa
sheep(lincolin wool)
dcolla keratin high-sulfur frac.,scmkb-iifa3 131 aa
| s merino wool
colla keratin “high-sul fur frac.,scekb-ijia3a 131 aa ]
B sheep merino wool
colla keratin high-tyrosine type i 61 aa
sheep merino wool
Ok to fourier transform ? (Yes) I
Protein;
name 174 keratin high-sulfur fraction,scmk-b2a updated 10/17/84
1.0 Fourier transtorm of autocorrelation.
Protein:
name 171 keratin high-sulfur fraction,scmk-b2a
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SIructure

Prodiction of ondary structure
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name 153 buman mlerleukm 2 (il-2) name 153 human interleukin 2 (il-2)
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Prediction of secondary structure

ou—lasmans me!

A EREomatioo i 08 sTtnectyesmegy® koo
predicted

a b a/b a+b irr| ratio(X)

a (27 1 2 1 0 87.10

b |3 22 5 4 0 64.71

1‘ a/bi 2 3 33 1 0 84.61

).’ ath| 4 3 10 10 0 37.04
irr| 0 0 0 2 2 50.00

Protein:
name 153

name 153 huma/n mlerleukm 2 (i-2)

updated 01/07
ge No. 172 ! next
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PROILIN ENGINEERING SULTS

ORL SYSIEM.

human interleukin 2 (il-2) updated 01/0) =" Z-— . A RAR,
Predicted as: rprdlisninvivlielkgsettfmeeyadetativeflnrwitfegsiis
alpha
]
M 3 4 ¥ —a 4 x il-2 o folding type ¥ 2 X BE DT M
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::{:g;d : x:hgdl pepi @orn acid proteinese [e.0.3.4.23.7),penlolllopepsin)
Analysis : Homology CRON) (Q0rD)| CHAIN NUMBER: 1
ALPHA HELIX: e X
penicl eps 1 3 BETA SHEET: 32
penicillium Jnn:hlnellul INTERACTION
VIEY O
abscissa: o ¢ alpha
name 318 acid proteinase (endothiapepsin) O all atom
ordinate; & wire
name 323 pen(cillopepsln ec 3.4.23.7 D ribon
0 ROTATION O
i
SR N %0 Orest
1 all reset
|70 [PART VIEW O3
Q alpha helix
O beta sheet
O from:
S O sl
140 oOM O
=] off
ICK 11D RESIDUE O
Homology'. :
210 abscissas
namé 406 human renin precursor ec 3.4.23.15
ordlnntex
323 penicillopepsin e 3.4.23.7
o
280
70
140
@ 210
280
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