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Addendum

Multiple Regression Analyses of the Relationship between Structure and Inhibitory

Effects of a Series of Substituted O-Phenyl-DL-homoserines on Adenosine

Triphosphate : 1-Methionine S-Adenosyltransferase
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SUMMA H ‘t-

HULBERT, PETER B. : ?sI tilt iple md-grO-ssio)fl tmmiaiys-s oof time no-lati(onsimip bo-t iso -o-mi st n-net nrc

amid inhibitory c-ffects oil a senics oil suhstitiitot! 0-phomis’l-iim�-imoimmmoso-ninmo-s o ni miclemuosiume

triphosphate :L-niethmolmine S-ademmousyltrauusf’o-rase. Jfo/. Pbiai-inacol. 10, 315 3 iS (1974).

The correlation aiumong timc- inmimibitory 1)o)tenmeies fon rat- liver � i�-nmethionimn- S-miclenmousyl-

transferase of a series of 1 1 sul)stituto-d 0-piuo-nmyb-nL-hoonmioseninc-s ammtl various Hanmnno-tt a amiti
Hansch in- coefficients has been exammmiuuo-o!. Rcgressiiuui mimualyses by the mumetimod ouf toast soitnmmro-s

gave the l)eSt correlation by the use ouf mmlinear combimmatioum of ordimmany a- values mimic! in values

for pimenoxyacetic acid derivatives. Timo- aimabysis gave timo- himmear fri-c- o-nergy no-bmmtiooumship

l)Imo 0.619tr + 0.614a- + 1.62 for n = 11. Timo correlatiomu o-ooo-fficienmt of r = 0.989 inidio-ated
t hat aim alniost o-onmplete courro-spomidemmo-o- of structural proipi-rtio-s mvitiu potemio-�’ mvas mmo-imi-voo!

Iii time acconmpammyimmg paper, Couu!ter,
Lombardini, and Talabay (1) have slmomvn

timat 0-pimenyb-DL-imoummoso-rimie and analogues
bearing substituents omi the arommmatic rimmg

are inhui)itors oil timc- ATP : L-mmmc-timio)mmnme
S-adenosyltransferase (IX’ 2.5.1 .6) of rat

liver. The inhibitory poto-ncies of tlmoso o-ommu-

pouimds ms’ere correlat-co! ms’ith the positive
nmagnitudes of the Hammmummett a- valuo-s, stig-
gesting timat electromm-w-itlmolrasving suhst it -

uents on time pheimyl ring exert favormil)le
influenco-s Oti the inhibitory prol)c-rties.

My o-olleagues (1) carried out a least-
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squares hino-ar no-gro’ssioomi aumalysis o if tho- coin-.

rc-latiom i Iuo-tms’o-otm Hmmmumnnett a- values amid

PI,o VmmlU(s {hug,o (1,-’I,�), mvimonc I�o is timo-
mnoiobmmr o-oiio-o -nit rat iou ouf inmimihit cm. m-equirc-(l
to mio-hic-vo- 50 � iuuimii)itioul umudem- staumolart!

oommditioumis]. Amimoong tue I 1 c(unmmj00011nids mmmitm-

byzed, tho- iii- mint! /)-imitropimeuiyl o!enivmmtives

tippo-mmro-ol to ho-lmavo- mmmionuma!otms!y, hut time

no-nmmuimnmig Iiimmi- o-omuml)oUnds gave a lima-ar

rcgro-ssio)mi binio- expressod by timo- o-dilmationm

PIso I .45a- + 1.52, ms’itlm a corno-latiomm (.0-

tffioicnt i- = 0.583 (r’ = 0.780). I m-o-poort

ht-rc various efforts to (ubtaill linuo-mmr negnc-s-

sioi-l aumalvso-s msimic-im reo-ono-ile timo- valimes for

the nitnou denivmmtivc-s, give 1)o-ttem- coi-ro-lmm-

tions four all tin- mo-asuremmients, amid yield

an aiimmost coumml)lete cornosponolenmcc o)f striuc--
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T.�mom.i. 1

li/i ibi loT!, po/e ii (‘1 O�S for A ‘I’I’:L -mo-tb ion zui S-aolo1Ioo.’!/h11a1i.�fero.s-c of rat liver: Jlaiii nu-tt a 01/0(1 lb ,i�-elu

iT, nTzhiies four a .so’ricx O)f .silbstito,te(l O-phcnyl-nL-honmoserilics

�_i- - , (0(’II,(’II,(’IINIl,(’O,lI

x �

in- Concentration
required for .�0’

inhibition’

.tf

II () (I 0.023 1 .(‘u4 0.02

J)-I’

p-(’l

/)-Br
p-NO,

/)-OCII,

p-Cl!,

iii-(’l

(1.0(12

0.227

0.232

(1.775

-0.205

-Ii. 17()

0.373

0.15

O.7()

1.02

0.24

-0.04

0.52

0.76

0.022

0.0061

0.0044

0,0051

0,036

0.015

0,0()52

1 .(�;

2.21

2.36

2.29

1.44

1.82

2.25

-0.09

0.02

-0.03

-0.05

0.02

-0.01

-0.03

iou-Br 0.391 0.94 0.0032 2,49 0,06

iou-NO, 0.710 0, 11 0.0087 2.06 -0.0(1

-m-( )C1I, (I. 115 0. 12 0.0146 1 .54 0.07

�1 The 1 :o values mire t hose of Coulter ot (ii. (1).

0, � �I:.’i (experimental) - PI��t� (o-alculated).
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tum’mml Pn(uI)o-ntios msitim timo- immiiil)ito)rV juoto-mit-y

of timo-so- oouimmj)uutimmo!s.

‘i’imi- mumoular o-oumco-mmtrtmtiomms reoiuiu-o-d for 50 �

ilmimii)itioumm of emmz�’nmie tu-tivitv four the 11

u’ao-ommma- o-o)mulpohmimds iii this seni(-s are siioimvmm

imm ‘i’ahlt- I . ‘flit- o-om-i-espomic!inug plso vmiluo-s

mimi’ mulso gi\’onu. ‘�I�’iio-- a. m�’iltuos ion sui)stitueumts

mvo-n-o- ool)tmuilmod fm-cummi IImmnmmmmo-tt (2), timid time

Hmmumsch lipophulicity valuo-s (in), fnommm I”ujita,

Imsmmsmi, mimic! Hansch (3). Tho ir values imi

I’til)lO1 refo-r t(u tiio amuilogues of 1)iio-mmouxY-

iuo-o-ti(-- mioid, mshio’im ropnoscmmt a svstonm eoumi-

J)mimmui)b( t(O time 0-piiemmvl-iuL-honmooseniuies.
( )timo-r vimlucs for Htmimmnmett fumictions (a+, �-_

or”) mvero- mils(i mused (2), lint aro umot niccirded.
I t’ time o’bo-ctm-oumuic cimantmctcnistios of mill 11

o’OI impounds mum-c subj ccto-d to) iimmear regnes-

sioumm aimmml\’sis 1)1’ time umietimod of beast- squares

four t ito coinclmutioui l)etms’eemm PI500 alm(! Hammm.-

imuo-tt a, tluo’ iucst fit o-orresl)olitls too time

o(iiumtt ioim

P’�i 0.75(kr + 1.84

mvimo-me -ii�, = I I , i = 0.717, mmumo!r� = 0.514.
‘iTiuo o.iou.io bat io mm o-oo-ffit-io-nt , i, is �igmiifio-ammt

at tluo 95 � o o’oumifiolomio-c levi-b but imcut at- time

99 0� � livol. �Fimo- m’aluc 0)1 i-’ is a iimctmsure of

time olo-gri-o- to ms’hieim timo- vmtriamice 0)1 1)Imo Ottfl

1)0 miSO’mil)O(! to time ucgnossioit -ouustmummts. 1mm
this case it is 51 � � . It mviii i)i� set-u-i timat iii-

o’husiomm 0)f timc- tmvou nitno derivatives causes

the value of thu t-o)rro-lmmtiomm o-oo-tho-io-mmt- to
olroj) froimm 1� = 0.883 to 1 = 0.717.

\%‘hcn simumilan aimmmlyscs ms-c-re c-arnio-d ouut

with other Hammmmmm-tt iumm(-tiomms , time fol!oms-

ing o-orreiatiomm o-oeffici-mmts msero- oul)taimmc-o!

I�’)O �mmtd a-� : r = 0730

pLo timid � : 1’ = 0.644
p150 timmo! a-” : 1- = 0.702

Co ummsequent iy mmou suhstamit imil immmpnouvi-numcmmt

over time ordimmarv a- vabuo-s mm-as ohtaimmo-d by

utilizimmg time 51)00itiliZoOl Hamimmmmc-tt fumm(-tiouri

values.

Simice timo- bino!immg oil mumaimy drugs to pro-

tciums is r-ltitcd tu timtir lipophilicity (4),
the pcussihie depcndcumce of imihibitory 1)otcney
omm hpophilio-ity mm’as examined by time use of

Hmimmsch ir values. A liiioar regressiomi aumalysis

of the 1 1 o-onmpouuimds gave the relationship

PI-io 0.720 �r + 1.71

ms’iiere n = I 1, �1’ = 0.80$, aimd r� = 0.652.
The corro-latiomm c-coefficient is significamit

above the 99 % commfidcmmo-c levi-b, mmmmo!65 #{182}

of the variammo-o- iii pI�o -an be attnibuto-d to

the rcgro-ssiouu. Imuhibitory po)temmcy riso-s smith
increasing ii- values. Time use of in’ values oh-

taiumed four differcmmt sorics of c-oummmj)o)uumds

ic-ads to either i)ctter oun ss’ourse co)rrclatiomms.

Timius calculmiticuims baso#{176}cIout �r vaiuos loom
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FIG. 1 . A iialys-is of -inh obi1or�j poteoi(’ies of substituted 0-p/u ooi !,i-DL -lioiiiosero oies i ii terioix oof electr(u,i iC

(10(1 hipophihic coiu(ribu,lion.s- of .so�b,sto1u,e,u1 qroop.s-

The inhibit ion index (pl50) is phut teci mis a fmnmmct-iomi of t lie algebraic simm of I lanmmumet t a amid I Imumiscim �r

values for a series of 11 O-phenyl-DL-homnoserines substituteol imi t he iiio’ta timid para posit iomos of the
phenmyl ring by the groups indirmited. The limiemir regressioumi minimilymois l�- time mumetluoud (of least sobunares gave

the e(Iuation PI5o�) 0.617 (�r -f or) + 1 .62, Tho- corn-c-tat oumu o’ooetbieiemit , r, is 0.959.

sui)stituemits o�imi time l)tmrcmit iuimo-uuoils give

1’ 0.914 (rm = 0.836), and �r values for
substituents on time parent bemizo-nes give

r = 0.529. It will i)e shown below that the ur

values for the phenoxyacetic acids are ade-
quate to provide excellent correlations.

These fiumdings show that inhibitory ac-
tivit-y anmommg the compounds under con-

sideration depends on both time electronic

character of the substituents and their

lipophilic contribution. In particular, it be-

comes apparent that time imitrophermyl deniva-
tivos are poorer inhibitors than might l)e
expected omi the basis of their electrommic
character, but stronger inhibitors than o-x-
pected from their lipophilieity.

Using both Hammett a- amid Hansch
coimstants together, niultiple linear regres-

sioli analysis by the method of least squares
ms’as performed. It gave the linear free emmergy
relationship

PImo 0.619�r + 0.614a- + 1.62
(±0.108) (±0.128) (±0.06)

ms’here n = 11, r = 0.989, rt = 0.979, and
S = 0.0565. In this caso- r is the nuuitiph- c-or-

ro-latiomu t-ouoflioicmmt iou- time d(-Io(-Iido-iuo-c uI,0

omm i)(utim 71� tilid! a-. It is imiglily sigmuifi-anit,
simmt-o- four 99 1:; coommfidnmco- linumits ssith 8 do--

grees (if freedommi (1 1 poimits, tlmni-o- uuaralmm-

cters) r no-ed oommbvbe 0.765. Agmmiuu, 9$ � � of

the variance is attributable to tiuo- comistamits

chosen for the regro-ssion. s is the stamiolard

error of the o-ciuatioum, and 95 � � o-(immfitlo-mmce

liimmitsare simomsmu.

No iimiproveimmeumt in time immultipio- ci urn -Ia-

t-ion coefficient ms’as oubtaimiec! by time use of

otimer values four �- or a-. A mmumuml)o-r cii stic-h

conibinatioums wc-ne o-ommiputo-d : l)Iso mvith mc-

spect to ir ammd a-� gave r = 0.984 ; ir mmumolr

gave 1� = 0.986 ; �n- timid a-’- gti�’o i’ = 0.972;

ir and a-, using ir values for l)o-mmzo-muo-s,gavo-

r = 0.979 ; �mn�auth a-, using ir valuo-s for pho-niuls,
gave i- = 0.970. Thus time lit-st corno-bmutiomi

exists hetmst-en time pLo vtmluo-s timid a bimuo-mmr

coinbimmatioum of the cirdimmary Hammmnmmo-ttvmmlues

and time Hammsch ir values for suhstituto-d

pimenoxyacetic acids. Time findinug tiutit time
coefficii-mmts nor �r amid a- in time ummultiplo- ni-gr(-s-
siomm amutmlvsis equationi arc- -losoly simmmilmtr imi-

dicates that the inhibitiomi immdex (plso) ium-

men-uses l)y ti simmmilan anmount four mini in-
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cno-mum(-mmtal unmit of in’ tis ion a’. No further

iiii�’sio-ab sigumifiemtumo-c c-aim lii- mi-ttnil)uti-d to
this sinmilanitv at iorcsemmt. Time value of time

coefficioimt ion in’ (0.62) lies in time i-amtge
(0.60 ± 0.13) given for hiimdimmg of other

.simmmmbbmolco-mubos to proteins (4). Time dii-

forenmo-c (�PI�o) i uctmm’eemm the expenimmmemmtabby
do-tcrmimimted pI�� values and those o-abculatcd

frcum time mibouve equmitioim is simoms’n itt Table
1 . All c’oumumpiuuumols obey t-imo- mmmult-iplo regros-

sio)im o-oiuation msell.

i”o or tue purposes of two-diimicmmsioimal illus-

tmmitiounm oumly, the folbomsiimg equation ms-as

o)I)ttunuo-oI

l)Iso 0.617(ir + a-) + 1.62

Timis us -iimo)\Vti in 1”ig. 1 , togctiucr ms’ith the

experinumo-mutmul m’mmbues. Timo- nitrophemmyl commi-

ioouiummois I’m-il! o-lo use to the o-mmlculat-ed ri-grcssion
iimmo-,

‘i’iuo- tti)ilit-V to obtain highly satisfactory

0�0 urnolmit ioims 1)o-tmvecum inimibitiomi iimdices ant!

a lint-ar o-onihination of ir amid a- values

stresses the pi-obable imimpontammce of both

electronic and hydrophobic factors in the

bimmding proo-ess. Fiirtimo-nii-iore, as such a

highly satisfactory correlatioumm ms-as obtained

mvitimout time introduction of stenic parameters,

it i_s iuimhikel\’ that then- is much stonic imimm-

dntmnce to time bindimmg oil tim-sc -oummpounds

to the enzymmio-. Finally, timo correlation in-

dicates that atm almost commmpbet-e correspond-
ence of structural properties ms’ith inhibitory

poto-ncy has been achieved in this series of

substituted 0-phmenyl-DL-hommmosorimmes.
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