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Summary. The SIBIS and HIBIS programs implement our
algorithms developed to guantifyv the steric (SIBIS) and hydro-
phobic (HIBIS) interactions in biological systems. The paper
presents the flowcharts, the complete listing in FORTRAN of
the progroms, and detnils the structure of the input/output
date. Illustratively, one performs SIBIS and HIBIS calcula-
tions for a serie of twenty inhibitors (triazines) cf L.casei
dehydropholate reductase, good results being reported.

Finzlly, the algorithm CCHEX, which teaches the computer to
recognize connected greavhs, is given.

(%) all correspondence could be sent at this address
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1. The SIBIS and HIBIS Programs

The two 2lgorithms (SIBIS - Steric Interactions in
BIological Systems and HIBIS - Hydrophobic Interactions in
Blological Systems) were discussed and applied to drug - re-
ceptor interactions in previous papers (i.e., refs. 1-3, and
4, respectively).

The present paper contains the flowchart, the com-
plete listing of the programs and the structure of the
input/output dzta. An application of these algorithms to a
serie of twenty inhibitors of L.casei dihydropholate reduc-
tase is also given.

The main difference between SIBIS and HIBIS consists
in the objective functions to be optimized, namely:

BR

a+ b snﬁ + ¢ SD¥ (SIBIS)

2 (HIBIS)

BR=m+nf+pf
(BR stands for the Biological Response). The mathematical
tool is the same (i.e., the least squares technigue with the
subsidiary condition to preserve connected some subgraphs of
the (IRS) (Investigated Receptor Space) graph). Accordingly,
the SIBIS and HIBIS programs have the same flowchart given
below., The complete listing of the programs is given in Ap-

pendix 1. Appendix 2 contains the algorithm CONEX, which

teaches the computer to recognize connected graphs.
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SIBIS and HIBIS - the flowchart

READ
@%,(X(I,J),J:l,m),lzl ,N)

READ
[apc,IVAL, (ICONE(J),J=1,IVAL)

GNAT(LI,J) = .PALSE.

{(d=1,...,M)}
GEAT(I,ICONE(J))=.TRUE.

(J=1,...,IVAL)

IGR(I)=
=IAPAR(J

Y(I)=log(¥(1})
(I=1,...,N)

PRINT Y,X

R o

(I=1,.00,M)

DATA ERROR

NOT
CONNECTED
GRAPHS

i SDCSDW _SCON(1)&SCON(2)
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| REGRES

REGRESSTON ABORT STOE,

PRINT
R,S,F,BETA(I),
2(1}, SerEC(T)
(I=lyeanyd)

"FIRST RESULTS"

B REJ=.TRUE.
I=1

ey
It n
o

LGR(I)=NGR(I)
(:) > LGR(I)=KF(LGR(I),J)

= = = = PIR3T STEP end

- -~ = = ITTERATIVZ PART OF THE
ALGORITHI (begin)

REGRES]|

REGRESSION ABORT]

[RECO(J)=R

RRR=[RECO(J)| - |mern] [«




TEST(1,I)=NGR(I)
<:>-——- NGR(I)=KPF(NGR(I),IR)

= §30 =

{imm € 1077
N

RMIN=RECO( J)
I_

TEST{2,I)=NGR(I)
LGR(I)=NGR(I)

(TEST(1,1)=TEST(2,1) 7> REJ=, FALSE,

_______ ITTERATIVE PART OF
THE ALGORITHM (end)

LGR{1)=NGR(T)
{I=1,...,M)

REGRESSION ABORT

PRINT:
(I,APART(NGR(I)+2),I=1,M), |
R,S,F EV,BET&(I),T{I),

SEREC(I), for I=l,..s.3
"LAST RESULTS"

- =~ = LAST STEP
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The structure of the input data is detailed below.

The SIBIS and HIBIS programs together with the PO-
LYREG program (which performs multivariate regressional ana-
lysis) are parts of a unique program called "ABSIN" (Analysis
of Biological Structures INteractions).

Input data for this program are composed from an
unlimited number of specific input data for each of its parts.
One can select the subprogram by a Keyword, namely: SIBIS-LV
(81IBIs - Linear Version), SIBIS-NL (SIBIS - Non Linear versi-
on), HIBIS, and POLYREG.

A commented example of input data is given at the

end of Appendix I .

2, Applications

The 150 values for the inhibition of L.casei dihy-
dropholate reductase by triazines of type I are taken from

ref. 5 (see Table 1).

X
PUF{Z
HN CHy
CH,
Fig.l. Fig.2.

The starting {IRS) for SIBIS calculations is
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@Rs7énit= 0(1‘3-7r8vll;12);w(4—6,9,10,13—15);1(16)]
(see Figure 1; ce-type subgraph corresponds to the structure
of compound 20 from Table 1). - Explanations for the signifi-
cance of ¢, w, r and i are given in refs. 1 and 4 -.
The starting (IRS) for HIBIS calculations is
(1rs) 1% [x(1,2,6,7,11);1(3-5,8,9)]
{see Figure 2). The two optimization zlgorithms offer the fol-

lowing results:

(R IPY = [e(1-5,7,8,11,12) ;w(6,9,10,13-15) ;i(16)]

s
log 1/I5, = 2.964(+0.098) + 0.261(40.030)5D7 - (1)
(£=30.383) (t=8.787)
- 0.382(+0.082)5D%
(t=4.674)

(r = 0.769, s = 0.413, F = 8.801), and, respectively,

1rs)OP% = [r(1-7,10,11)3i(8,9,12)
H

log 1/TIg, = 3.017(+0.088) + 0.368(+0.060)F + (2)
(t=34.227) (t=6.137)
+ 0.031(+0.023)£?
(t=1.340)

(r = 0.832, s = 0.373, P = 11.987)

One may combine the eguations (1) and (2) into one

equation, resulting the equation

log 1/I54 = 2.963(+0.079) + 0.143(+0.024)5D% - (3)
(t=37.393) (t=5.926)
- 0.228(30.066)SDy, + 0.276(+0.056)F
(t=-3.445) (t=4.883)



- 142 -

(r = 0.875, s = 0.325, F = 12,266)

The f2 term has been rejected because it is not statistically

significant (i.e. tyq o o5 = 2.093) 1.340).

Table 1. Inhibition constants fot the inhibition of L,casei

DHFR by Triazines of type (I)

No. X log 1/I, sn"‘:E sn;j ¥
1 S0, NH, 1.82 2.2 2.0 -1.480
2 CONH,, 2.47 2,0 1.0 ~1.109
3 H 2.64 0.0 0,0 0.167
4 COCH, 2.87 2.0 1.0 =0.115
5 CH, 3.07 1.0 0.0 0.691
6 OCH, 3.12 2.0 0.0 0.262
7 OH 3.19 1.0 0.0 -0.309
8 C(CH3)3 3,20 2.0 2.0 2.150
3 C00GC,Hy 3.21 4,0 1.0 0.975

10 SO, F 3.21 2,0 2.0 -1.488

I3 F 3.29 0.8 0.0 0.382

12 CF, 3.29 1.8 1.6 1.323

13 c1 3.45 1.2 0.0 0.925

14 NO,, 3.56 2.0 1.0 -~0,066

15 Br 3.69 1.3 0.0 1.121

16 1 3+73 1.7 0.0 1.430

17 0(01{2)200635 3.74 7.0 3.0 1.574

18 OCH,CgHy 4.20 F.6 4.0 2,163

19 0(CH2)3CH3 4,20 5.0 0.0 1.846

20 (CH2)53H3 4.96 6.0 0.0 3.295
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APPENDIX 1
:fiittlﬁ!lﬂl‘!Iitl.!tttt*l.I'itltilttt’illt*ittiititttt*ttt
* EET] RBBA 858 x
* s3°°% 11 BR®®%s I 3°%% !
£ SS I d8 B II »
bl 58 gaaaa 8§ *
2 S8 ] ] S8 *
* S 85 BB B S §s *
: §5S8 I1 B8gBBa I SSS8 :
"tltttthliﬂlqtitl'tlltitqltntil‘tll*i*tli*.iti**it*tttiit

* AUTHORS
AARRRRRAARN

x OCTAViaAN

DRAGOMIR=FILIMONESCU *

AREARRA N R A AR AR RARRARRRRRA AR R AR Ak

* JUAN MOTOC =
AARRRAKARARNRRR

COMPUIER RESEARCH CENTER CHEMISTRY RESEARCH CENTER
STR, 9H, LAZAR NO ' BY, M, VITEAZU NO, 24,

R ="1908 "TImM1soaka, R = 1300 TIMISOARA,
ROMANTA ROMANTIA

SEGMENT UHAHAT,VA%OR:.REGPAR
COMMUN /GRAMAT/ WMAT(50,50),GHAT(50,50)
CUMMUN JVALURTY X(100450),¥ (10014 TGRUS0) (NGR(S0)/LGR(50)
LgSEUN(3) SB(100,3) TEST(2,50) Ny M
Gommun” /REGPAR/ "BETAC21) 5 TC21), BEREC(21),R, S, F,EXPVAR
1,SERY,SERES
s VEFS
DIMENSION ICONE(S50)
DIMENSTON RECO(2)
DIMENSION T1TL(20),FRD(20)4FwR(20)
DIMENSTION M RK{SO;
DIMENSTON APAR (3
DIMENSTUN éAPnR( ]
OATECEAONEER)
NTE® cH (2)ga570EH 2, 4)
DOUBLE PRECISION BETA,VEPS
LUGLUAL Y AVY, AVX, AVIGR
LOGICAL®] MARK,MRK
LOGICAL#1 GMAT,WMAT,REJ,SCON,NPRINT,LOG
LOGICAL®{ ERR
LOGICAL*Y EG
INTEBER TEST,DOI
INTEBER CRekP
DATA CR 7105/
L R ——
N N o] ) UE /
BATA APARE, "TASKR"Y ;[I;'?':'W‘.-?:O.l'/' .
DATA REC, CAV /'RV, ‘g
(QAIA §T0CA/THIAL!, " VL ISIRIY,'S=LV!, 'SIBIY, 'S=NL', 'POLY!,

KF(iND1, IND2) =
VEPY = 0,1D=71

MOD C(CINDT + | + IND2),

3) =1
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205  WRITE(LP,206)
206 2353!56{/0 xxk WRONG DATAV//)
208 ESEHAT(//- wxn WRONG ASSOCTATION OF RUN PARAMETERS!')
. MENT WRAMAT,VALORI
SN UBROUTINE ' CHKCONEX (ERR, GV)
¢ ,
DMMUN /GRAMAT/ wWMAT(50,50),G6MAT(50,5Q)
EOMMUN ISAtORI/ Reres gég.vi?no:.16&(50),~sntso).Lsncsoy
1 sﬁuﬁ§3ékssﬁk$9'3"TE§T‘ 7503 N H
Ebc?ugi.; WMAT,GMAT,RE 3, SCON, CONEX
COGICAL®] ER,ERR
. LOGICAL*1 GV
ERR % _FALSE
po 1ug'l -
c _ :
?Etgq = oEALSE,
NF B
NN 2 0
¢ WU 90 J s 3, M
z I (LGREJ) LNE, 1G) GOTO 70
DO 60 K = 1, M
8 IFC(LBR(K) NE, IG) GOTO S0
WMAT(J,K) & GMAT(JsK)
GOTO 60
50 WMAT (J,K) = FALSE,
60 CONTINUE
¢ NN @ NN + 1
LF (NF ,NE, 0) GOTO 90
NP3
6070 90
zo DO 80 K = |, M
cD “H‘T(J!N) = 'FALSE'
90 CUNTINUE "
a SCON(I) = CONEX  NFs NN, ER )
c
E IF ( ,NOT, ER ) GOTU 100
R ® ,TRU
En V(i) 2 TaﬁE.

éon CONI4NUE
RE[‘;U"N
* sEGHENT YRAMAT

LTION CUNEX ( NF, ERR )
CUMPMON /GRAMAT/ cuuutcr(§0,50).GHAT(SO.SO)
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