INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UM films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of
computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bleedthrough, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send UM! a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings,. charts) are reproduced by
sectioning the original, beginning at the upper left-hand comner and continuing
from left to right in equal sections with small overlaps.

ProQuest Information and Learning
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
800-521-0600

UMI



SEAREEAR el - Van s oo e Sarwaana ot L




STUDIES OH CoPECHOL O-HMETHYLITIARSFERASE

Thasls presented
by
P.J. ATDERSON
to the
PACULTY of HMEDEUINE
of the
UNIVERSITY of OTTaWA
in partial fulfllment
of the vejulraments
Lor thne degree
DOCTOR of PHILOSORY
OSCIENNAE /
éhmeﬂé?

Departusnt or Liochenlstey
University of Obttawa




[ e

UMI Number: DC52506

INFORMATION TO USERS

[ The quality of this reproduction is dependent upon the quality of the copy
. submitted. Broken or indistinct print, colored or poor quality illustrations and
E photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized ‘
copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform DC52506
Copyright 2007 by ProQuest LLC
All rights reserved. This microform edition is protected against
unauthorized copying under Titie 17, United States Code.

ProQuest LLC
789 East Eisenhower Parkway ;
P.O. Box 1346 ;
Ann Arbor, Ml 48106-1346 ;



ACKHOWLEDGEMBERT

Siugere thaniks to Dr. a,. 2'Iorio
{or hls encouragenment, support,

and direction of this wors,

IO ...




be
.

‘nle of the engywe
“jstritmibion snd varioty of lemoliyiterznalerises
Tmpnificite ond ~momertlien af orT

&} “nhatratss
w)  Innthitsrs

Feahanian of setion

Pavd fiantion otber-ts

gy Rl T e

i i

1 i My oy e o
R 1 +f

1}

fh)
-

-~y

Vs

Bapdfication atoling

a) lmusy rrocedure
% olecwler adsve chromaton aniy
2)  Innesrelense oheomstogsreeny o substiintod
#selinlinaaa
4} Cmmmzer af the marifiscsiion nroasiure
2} Talraserleride pel nlocteer
£Y Fatimotion of Maleenlar

) Imtindtowr ~otoueies ond rubatrete volurs
By Cuemary of wilta of areailioity oiixiios

a3 Torttiam of
mihgarlisle Ane

43 Tomitlor of Cematbrlation of 2 tedd i e
adaramin soid

e) upmarr of Ahe Jencthwistler
safieie sold

G
)
s

-

o
51
e

«

g%
A=)
e

. ! o~
e

03




) Breasin.tion of tae mecsasciss of tne COMT
pataiyged ro.ntion
%) ofttenpted imclation & Lrtermedi.tes

PDIRCUSSION NI COUICIUGIONS

P
¥
i
3
)
i
]




ERAIALY B ST BN BT 4 A Mrdl-is et B D ART HANPI AP RN RS S
,z. st RPN GEOT LT laary -‘{u'.j

le _gls gf Lbm ‘ooermoe

I+ 1958 3% wes found thadl =z sunernatant frsciion {ram rat iiver
wag capable of catelyzing tivr sotiwlstion of cstech:ls In the  rsence
of biologienl methyl conorse The antechol zolids, prototstechule seldy
% ediryiroryrhenylocotie aold, ceffale acid, end 3l Alydroxymendelie
a2cid wore found Yo fomm the corrasnonding Jemsthory derlvstives vhon
Ancubated in tho rresenne of meonpasium, methilorninsg roduced slutati:lons
and AT (1)e The nurificstion of sn envyrwe from ret liver crpeble of
transfersing the labile metierl rroun Prom “wodenooylelezethlconine (Seite)
Lo epinechrize () ws slso deserited (2} Timge the cngyro remuired
magresium ard wop canable of cslalyzine the metiglstion of catechol
soidn, i85 4denti'v to the catechol sndd meb ylstinc Craction 4n epporente
The meyse wng called eatechol fmamobhylirsnefomase and 3¢ hes hoon

~Agen the murber 2eleles By tho ‘nzvme losrdesisrn,

The sbove exporimonta were Indtlated in ordeor to exslsin zb the
entome level the urincey crcretion of Jesobhorgelwindrer yphenoile aclds
which hed heen observed by several workers (3 &, Sie Pelabolie studies
soon nede 1t e parend t,_ $ the cotabolisn of caltecholimines wos primasily
duo o Lhe zotion of twn encyuesl the recently discoversd catechal

Swmot yltesnalforage (U7}, and the long hrown enzyme moncamine axidase

1.




{(Mr0) (6)e The relative role of thess two enxynmes in the inactivstion
of cateciwlamines then becams ths object of many studies., It was
poatulam that ¥AO was responsible for imactivation of catecholamines
in tissues and O for the degradation of eilreulating amines (7). This
idea was supported by the finding tiat iproniagid, & x40 inhibitor,
increased the axount of norepinephrine (KE) in tissues, whereas no rise
in tissue B could be shown following the administration of the CONMT
inkdbitor pyrogallol 8] However, it is important to distinguish betwesn
the metabolimm of the catecholawdnes i and L. L 1s derived almost
mluaiul;r from adrenal msdullary secretion in man (Lh), whereas XX is
sccroted at sympathetic nerve endings (45)., Since the liver contains
both al and COHMT in large amounta, the mstebolisnm of E in the eirculation
is attributed to these ensymes in this orgsa (9). The situstion with M
is more complex, but the assignment of relative rolss to the ensymes fop
the metabolisn of both catecholamines bas cortain sommn difficulties.

Jost metabolic experiments bave bee done with di E and dl K5,
Recently it has become epparent that thers is & significant difference
between Lhe uptake of the d and 1 fsomers of both B and i in isslated
grenules {11). The measurement of clearanse of aumines by cat liver (12)
has ahown that prrogallol redused tha clearasas of 1i but did net reduce
the moh suallér clesrance of di. 4 similar effect was noted with 1 and

d XB, 5ince COMT 1s not stercospecific (2) it was postulated that this
effect might bLe dus to a difference of upteke for d and 1. If the




pessibility of different rates of uptake for stercolzomers is considered,

results of experizsnts following the injection of dl cospounds becons
difficalt to ianterpret.

A further continuing problem in assesoing the relative roles of
COST and x#.aols.n catecholazing metabolism 4= the lack of undorstanding of
uptaks mechsnisms, It is now thought thet the mschanisa of uptake of K&
at nerve vndings consists of two amine conuenireting components; namsly,
aaine trensport through the cell wewbrane (cell wembrane pumpj, and up-
take into specific intransuronal sites {13), bach componunt can be
salectively blocked by certain drugs. Heserpine ia thought to release
the amine from storsge sites into the cell where it can be relubolized
by #20. Tyramine or szphetanine releass M from the cell imto the
ciroulation as H: whare it is metabolized by T or inactivated by
reuntaite. lisnce,in considering amine metabolisms one mist consider at
leamt thres pools of i - that in olrculation, thab which iw fmjo'in the
oell, snd that which 48 stored in ths cell. This econcept may be

represented as shown in Dingram I (L6).

liowever, in canine heart the role of il is questionsble, Ferfusion
of imolated canine heart with 7~H3-HE resulted in extrastion of 74% of
the i by the syocardimm (1U) which wa2 then slowly releassd from atorage
sites, The bu.lk of the relsased Hii was mstaboliszed before it reached the

blood and the formation of ¥ secounted for 40-60% of this mataboliss,
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The aotivity vihich remeined in thc storos wes larnely (85%) vimetabolized

e This £indines dndinates that thers is very i2tle DAD sotiviiy in the

*

narstions “he injection of iyremine remlted in the rolecse of soue

:

58 45 hound U5, Yeeever, the finding that the BT relesssd 4n thins {osblon

ws ol net abvlif'ec! to the same degrec e the soontaneonsly peleased ¥D

auggeele Ll Lie eB3lity o Tenetiylato dp ldnltsde Uimilar resnlin vere
Lisdinad in loolrtaed wat heardt (183, Thess emveriments Indicate thwed oY
the weacl ons verrasented in Marrem 7 oare not omerctive in o1l tiozues
capable of metsholizing Te The metabolism of HU ic further cornlicated
hr the £indin of o ecies differcrces (16)s  Tha metobolism of HE iy
“omoronotes of mal and imgman Teart was intiblited by & A0 intdbitor, ol
ot by & OOMT AnkAbitor, nor was (4 stimidated Ly tmllme  The mo tzoclisn
by oat hwari honorermte, on the other hendy usg silsolsted by Yefdo and

not of fected bre o AD Innlnitunce

: . AL " -
Tere Lz z laven acoant of intsrest in colwving the rar "“m oiibm

K

alomTins meshleme of T mehalvlien hwooeure of the rolationghlic of dris

.2

wnleh aflfent T o betrwionr (88). Those druss etdeh cause & Jdenicotlsn

PR

ov htrmetivetion af negtipe ~edobion or “acvsselon, orile Lhose whlich

T oawe szgnoegdcled wilh ahevioral stlunlation.
Tmne obsorvatiors owe lad o the caloctolamine lymotheals of slleative
disarders <Mlch holds el denression is zopoolatad Y 5 Teflol ey of
G st atvetrrede pesenlor mltes in the Wwaln, Woress olation mey bo

sasogtietod with an eroass of 4his arivoe I ovaluating this ‘wrotbesis

14 shoul? o remehoyad that most of the conernta of B mebobolliom end
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uptiske are derived from work on peripheral nerves, and that the satachol
snine hypothesis applies %o levele of HE in the brain, Though it appears
thut similar concepts are helpful in explaining the acbion of druge on

K levels in the brain (48), the obssrvations of tissue sl species
differences in Ki metabolisz moke it apparent thal mechanieus in
poriphoral tissue cannot Le assumed 10 be directly relasted to mechaniams
in the brain. Attespts have bosn made to clarify the roles of CUY and
MAG in the brain by the location of these activities in specifis fractions,
Kild fragtionution of rat brain homogenstes indisated thal CUMT oecurred
malnly in the nerve ending fraction, whereas HAU was in the mitochondrial
fraction (17)., Howsver, the extreme solubility of COMT made this -
loocalisatlion questionabls.

The injection of I has aleo shown thst this suine, too,is dlistributed
batwosn metabolicelly sctive and inastive pools, In isolsted perfused
rat beart 95% of bound tritium at any time after injeetion with iP-t was
unmotabolized (14), Tho unbound HS-E was motabolized by CUMI. Hence,
the activity of MAC in the metsbolims of © in ret heart is very limited,

The injection of Di~spinephrine-2-Ci% into women petiests (15) and
solloction of urine has showm that the main exeretion of X is in Lhe =5
and 5=il minubte periods foilowing injeciion. iwwever, irace aounits

ocour in urine up to 24 hours after injection, indicating that while

somo of the injeoted epinephrine was immedlistely metabolized, some was




bound and stored and subsequently reloased, lNetanephrine and J3,h-dihydroxy-

mandelie asid were the incediste produsts (2-10 nismutes)uith 3-mothcoy-
Lehydroxymendelic acid becoming more important after 20 minutes, at which
time 1t aceounted for 50% of theo radiozctivity im urine. Conjusstion as
sulfates becanme more Lyportant with increasing time, These experiments
show that both HAC and COHT are astive in I metaboliem in humans. The
presance of metabolically insotive atores is ahowm by the releaass of
saall amounts of ummetsbolized £ for up to 24 hours., However, the
relative roles of uptake and ratabolism cannot be surmised from
experinents of this type sinoce the distritaution of aminse {roa
exopencusly administered pools is not necessarily identical with the
distriiution of endogencusly formed aminez (47).

Attenpts have beon uade to assess the role of COMT in various
disgases. o differcnce waa observed in the levels of the enxyme betwaen
patients with vitilige and normael patients (21)., Portal cxrrtada doas
not affeat CLNT wtd.ﬁty {9j. although the level of methyl donor ls
high in leukemic white blcod cells, no increassd CGHY sotivity was
observed (22). Therefore nc relstionship betwesn lovels of Lhe enzyns
&nd disonos has, as yot, besn shown,

It may be conoluded that the role of JUGKXT in the inastivstion of
Iree catetholomines is well established., ibwever, leok of understanding

of mechanismw of upteke and storage make it difficult to ansess mcsurately




relative rolea in overail cstecholamine inmstivation. Lspressntative
reactions of circulating epinephrine metabolism are shown in Disgram 2.
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epinephrine
1

5 2
[l
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13, %-dihydroxy mandelic acid metanephrine conjugcted
metanephrine
2 ° 1 |
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3-methoxy-4-hydroxy 3-methoxy 4-hydroxy
mandelic acid mandelaldehyde

CH (OH)CH, OH
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DIAGRAM XZo . , | 3-methoxy-4-hydroxy
of phenyl glycol

} s 1.~ monoamine oxidase sctivity.

2.~ catechol O-methyltransferase activity.
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AT A wlYelr dlztribnted acong tizsues and groeles (1™. It iz
soet shunlant 4n Yver, it in founyd 4n sthew arcanz ard in nerd-asral
r'vsr o i the morrollzn livers exsiined thase of monkeys 6 ¢ hi-hest
I selivity and thoss of reblbls "wre loweste "willc.otive motizlsiad
corivativés of UE hove bown foundt In fmop exorels following tho ialeetlon
of "J'L' UEL20) Avdizeting that vatechslemine metaboliiss in this evecies in
aicilze to thal 9n mamrmalse O0HT bag bven fourd 4n the skin of nman, rats,

zioe snd frore (21) and it “as becn found in adinoze tissue (19).

In ~lants, an ensyme canale of me'hyleting cstoshols has boon
fo:nd in ernle semiicl tlzmme (2°) and in nam-as zress (25} 2 ootivle
travgfarase whicn methrloted the fwdydmony ceoun of morselladine heg
heen louated in flowering mlbe of .*2@11@& hodenid {7)e  In ndorce

organisrs, ¢ matrphenst Swreihyliraonsgfersse hos besn laolntod feme

sireatosvoes rimomsin (25).

Two snoras in the wet camablo of estalyeing Jesgthrla tlon arel
#iLTering in prosortics from O7FV nhove recantly Logn discovored, n
anrveg thrt Dwemethylistes 3, Sedilcdowlebydrosyhenszele cold hia boen
deser ' ho? (FA),  Tis enwyme diffors from OTFT %n that 4% Sosco nok
ro~udre = div:lent cetion for rmuvimum netivity oo well s in sabstrste

SPPimAty. For i uo case hosg TORT boon shown to methvlste s corolwiroxy

rhenole 'z emzyre in tho microsomel fraction of ralt 1iver oileh Jiflors




from CONY in its pH optimum 2nd response to eold siress and benapyrens

(27) bua bean described, It appoars to be present in wmuch sasllep amount.
than thoe soluble U-methyliransferase,

Fronm the foregoing it is apparont that the ability to catalywe the
U-methylation of catechols is widely distributed Liroughout nature.
mushtmmtmctMGtmhummmewbem
insstivation of catecholanines, the discovery of an iodophenol O-ussthyl-

transforase indicatss that Ow-methylation may be important in otoer
retabolis routes.

-~ V——.N‘A__-E; !gui.t.
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3. & &nd mies of the .
(a) Substrates.

Catechol U-metlyltransferase from rat liver requires a substrate
that 45 = derivative of benzene with adjacent hydroxy groups. ono-
phenclie Tompounds are not methylated by the enmpme (1, 2). & large
variety of catechol derivatives have been tested (1) s and all have
proven to be subsirates. Cstechol itself proved to be a better substrate
than either satecholaminws or cateshol acids, The relative lack of
steric effects L5 apparent since tho substitotion of a hlky t=butyl
gibup at the 5 position yia 3yh~dihydroxyacetophenone does not prevent
ensymatic C-methyletion (29),

Irihydroxy compounds heve been tested and found to be substrates,
34k, S~trikydroxy henylethylenine 16 O-gothylated primarily in the 4
position (30}, Gallie acid (3,4,5~trihydraxybensoic ecid) is methylated
in the % position (31L). V¥ith Pyrogaliel, methylation occurud’only a%
the middle hydroxyl group, Therefore, it appears thut in compounds
contalning 3 edjscent hydroxy groups methylation ocours only at the middle
group where one methylation will esuffice to aboligh adjacent hydroxy proups.

_ The ohesrvations on pyrogallsl mothylation are in contrust to & previgualy

roported rasult in which it was olafmed that the PrimETy produst of
ongymatde (m~umethylation of pyrogalicl was 1-rwm-z,3—aqu bensene
(60). The possibility of two differemt rethyliransferases cammot be



exslnded, ainge tlhese two reports used snsyms preparations of different
mty .

The methylation of norbelladine by rat liver COMI has besn reported
to regult in about 8GF% 3-O-methyl produst (59).

3 i~dihydroxy compounds are nmathylated in either the 3 or 4 position
depending on the nature of the side chain, Tiw in vitro O-msthylation

: of eaffeis asid (3,L~dihydroxycinnaais acid) using liver slices (32) led
; to the formation of both J-methoxy-i~hydrexyoinnsmis acid (ferulic aeid)
and S-hydroxy-hesothoxyeinnamis noid (lsoferulic asid). ¢n the other
hand, the O-methylation of protocatechuis aeid and 3,l~dihydrexyphenyle
scetic acid resulted in primarily the methylation of the 3 hydroxy group
(32). These results indicate that inereasing the length of the side
chain increases the aunt of &~O-mathylation.

The in vitro O-methylation of othsr satoshol derivatives with the
supernatant fractisn fron ret liver (32) slso showed that the extent of -
3= and i~O~mothylation deponded on the nature of the side chain, 3J,h-di-
hydroxyacetophenons gave 54 3-O-methylation and Lé% 4~O-msthylstion
vhereas dopamine and 3,A=dihydroxyphenylmsthylearbinol were 3«0-methylated
to a such grester axtent, idreaslone, arterenune and apinephrine were
preferentially 3J=O-msthylated in vitro, but significsmt smounte of 4~
a-mthgh’bé:on were detected (34). In all cases 4\~U-methylation was less
in viw than in vitro, and for epinsphrine which exhibited 125 L~O-methyl-




ation in vitro no 4-Cemethylation eonld be shown in vivo, Only 4n the
case of 3,hi~dihydroxyacetophenone could the extent of 4-and 3-O-methyle
ation in vitro be rationaliszed on the basis of resonsnce structures.
L-C~mothyl derivatives were shown to be more rapidly demetihylated than
3-Omepthyl. derivativas in vivo and this finding wes used to axplain the
diserspuncy Letween the extent of 4~U-metlylation in vitro snd in viwe,
It may, howaver, be coneluded that the retionaliraticn of the extent of
3-and k- O-zethylation awsite further sharasterization and understanding
of the mechaniems of the enmymes involved in both methylation snd de-
mtfvlation.

{b) Iohibitors.

Tho search for inkdbitors of CCMT has resulted in the discovery of
two clazses of compounds whisch are inhiiitorn and are not catachols,
Tropalones have been zhown to inhibit COMT from rat liver (35) and the
irhibition hus been shown to be competitive (35). 4-isopropylirepclone
has been shown to inhibit u-mothylation in viwo {51). Tropolones also
inhdbit Ut from mouse brain in vitro {(37) and in vivo inhibit the
activity of the enzyre in mouse peripheral organs, but not in brain (38),

On both aouse brain (37) znd rat liver preparaticns (35), 4-methyltropolone

proved to be the most potent of the tropolonee tested,

Iodophienols (39, AO) and thyreid horrone snaloguas (41) are
inhibitors of COMT from rat liver in vitro. The addition of an slanine

4.



side ahcin to oithor theo one ring or the tvo ring iodonhenols abolizhed the
1rpdbition (M), demonstrating that it fs unlikely that thyrorine Indbits
COMT 4n vivo. Concentrations of iodomhenol one tundred times in ~Xcess

of thé suhgtrate concentration feiled to inhibAt CUMT mrepared {rom mouse
nrain (37)e Th & result sugpests that there are sztechol methylating

sngymes of differant nrorerties in mouse brain ard rat livers

The injection of thwroxine 'ws heen found to »nsult 3in 2 57 decresse
in the methyleting sbility of livers of male rets (62} ard & deoressed
urinary exaretion of metane-hrine, Tresze remilts indiasted that ln vivo

thyrorine hos an effect on C7ET,

The effect of vitamin “12 on COMT activity both in witrs ond in vivo
has been craminad (Al)e  Although this cofsotar hos been foun? to e
drmoriant 4n some wothrlating recotisnz, no nffact of o was obrerved

on OFT zotivity oithor in vitro or in vivoe

Prags that Ylock adrencrgic recentors, such se 3ibe-zyline, onentole
anine, dichlorniso-rotensl, =ral cronethzlol, do wot ialinit the enzyme (49).
Lit dum s31ts do nob sffoet the setlivity of O7HET.  Hance, the of fects of

drics uzed In the treatment of s Trantive disorders <o not s-near to o ob

the lovel of COUT activitye

Other trhaza tromslenes rd lodom® nols, =11 the intinrlitors of JONT

that heve hoeen dlscoversd eve Leen -atzchol derivatives. Fyromsllol dn

15.



equinmolur sonsentravions to Lhut of spineplrine inhibits the rat liver
enayme about 505 (25), It has bexn shown to be & substrste (31) and the
type of inhibition has been found to be competitive (42}, but 1t hss besn
claimed that the inhibitioa 1s puwrtly non-competitive (52). The taesting
of & series of (~substituted 3 sh~adhyuroxyphenylecetanides &8 COMT
inhibitors indicated that O(=propyle3,L-~dibydroxypbenylecetonide was thoe
most potent (43}, A-tropolonacetamifv slso proved tv be & poteut
inhiditor of an enzyne prepuration (rom rat liver. i wide veriety of
substituted catechols, pyrogallols, U—ulnydroxyilavonolaz, and tLropolanes
have been tosted as lnhibitors of wouse brain COST (37). Esters of
gallic asid, J~cutechin, f-mstiylesculetin, 3,A~dihyuroxymandelamide,
S=hydroxyquinoline, and i=aoiiylivopolone proved to beo the best inhibitors.

Adnanine, an acid usyradstion product of epinephrine, and disdrens-
line ether have been found to be inhibitors of GOMT from rat liver (50).
Adnanine has been implicated as a depression ceusing metabolits sud it is
olaimed that this ny be due Lo UOMT inhibition, These experiments,
hovever, were carried cut in a system which required the enzymatic
generation of i-ilis from ATP and methionine, Since two ensymatsc
progesses are involved in these studies, the results should be interpreted

Wi“h “u‘w. -



he Meshaniss of Action.

. It has been found using rat liver CGMT that 3x10=5 peghloromer=
curibenzcate and 2x10-38 jodoacetic asid inhibit the ensyme sctivity
about 50% when the substrate comsentration ia 3x10-AH (2), It would
therefors appear thet sulfhydryl groups are necessary for enzyme wstivity,
However, the conditions under which the inhibitions were determined are
not described and intersstion of p-chloromercuribenzoate with the sub~
strate cannot be dismissed.

¥stal ions have been found to be neceasary for marimum sotivity.
Hagnesium or a mmber of othsr divalait cations could be used (2), 30 fold
purified ensyme to which no metal was added exhibited sbout 50% of the
sotivity detected when metal was added (53) indieating thut the
preparaticn contained bound metal., This agctivity eounld be aboliashed
by the addition of 0.1’/.21 of IDTA. |

The role of the matal was postutated to be in the binding of sub-
strate and mothyl domor to eash other (33,53), This hypothetical complex
is shown in Disgream 3. The electrophilic methyl group of S-iMe is thought
to be transferred to the hydroxyl group of the substrate by & nucleophilic
displecenent reaction,

This hypothetisal model has been used to explain the inhibitory

action of tropolones (54). Tropolones were ssid to specifically elinminate
magnesivm and Seils from the enzyme becsuse of thedr ability to ahelate
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magnesimm, The posaibility that magnssium chelstion could lead to enzyme
inhibition was tested using Lhe known magnessium shelating compound kojic
aold (36). Under sonditions similar to thoss in whdch tropolone inhibits,
kojis aeid has no effeet, It is therefore apparent Lhat magnesiua
ghslation doos not sliminate megnesiwm and S~ils from the engyme. This
evidence, topether with the finding that tropolonss are competitive
inhibitors, casts doubt on the valldity of the proposed mechaniss,

tenerslly, it can be sald of biological trensmsthylation reactions
thit they proseed from cnium poles (55). The ondwm center places a
partisl poxitive charge on the adjacent sarbon atoms zaking thes
mopt.ibl_o to nucleophilic sttack by nusleophilis sitea on the acseplor
=olecules., Thies results in the displacczent of the sulfur or nitrogen
onium atom with its remaining sudbstituenta from tie metiyl sarbon aton,
# bond 1z then formed between the wethyl group and tie attacking reagent,
The oniva poles supply the driving foree for tranamethylation riactionn,.
gince the freec W of hydrolysis of & sulphonium compound at physio-
logical pH is of the order of the fyree eneryy of hydrolyels of the tore-
inal phosphate of ATP.

Although GUNT requires o divalent cation for maximum aotivity,
umstals do mot sppear 't.o be required for the uajorily of methyltransfersses.
The only other methyltransferase reported to have a mstal requirexzent is

miaroblal hosooysteine trsnsmethylase (50),
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tnly & few studiss have beea made of the moohaniom of enzymatic
mothylation. In the case of thetin-iwuwooysteins methylpherass it appesrs
that methyl transfer cccurs directly when one or both substrates are bound
to the ensyme (57). lo evidense of & awthylated snzymic intermediate
could be obtained. Studies on the enszymis methylatdon of histwuine (58)
also geve no cvidencs of a methylated cnzyme intermediate.



£e urification ‘ttemcige

ot T no8 been rsrorted fo have Luen 70 folf ~p=ified (2)e The

murification consisted of a nH § proocinitetion of the supernatant portion
of »at Yiveor, The supernatsnt of the »il 5 treatmant =5 fractionated
ity ommord @ suliates The engyme wis found to be nrecinitated in highest
spaciflc sctivity In the Wes0? amronium sulfate fraction. Adsorntlou Lo
‘nd elution {rom calclum phosrhate zel after dielys's resulted in 2
furthor rurdfications The engymo was found to ba adscerbed on celelsa
shosnhate Irom 0.02F scetste huffow, -H G.0s It wme eluted vith 0.0
phesvhate buffer, pi 6.9 The nurdficstlion ls gumssrized in Tsble l.

thout 70 fold rurification witih a yisld of 15 to 0% wes clalmode

Attormts to repest this nrocedure (26) did not resull la
comnarabla regultse UNo comsarable cardification ws ohtained n the =7 8
srecin’tations The srecific agtivity of the “Ow07F armontu: silfcte
fenotion wng ohout four times an e eat as thet of the supernatond
comnared to the 7 £old nurification to this stage whilch wvis ﬂraéiausly
renortade  0.028 ~hosphate buffer ni 64 1nstesd of o9 was found to
7ivs the tost elution [rem calelum phosphate rale Tue oversli ~uriiicstion
a-ain wes ohout 0 fold, but he vield was lowe It vias 2lso astablished
in aonjunction with this wﬁrk that the assay nrocedurs used in tne aravioug

Y o~ o0y 0y
cation nreocsdurs emnloye

o ved =n sotivity soscurement detersin:d at

27

s

time - ~voduct formstion did not ineresse linmearly with Llmee. IDis

£3iling has been noted by nthors (7,61)e

21,
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.Ittamttmmkmdmnﬂwmtmw
problems remain regarding the snsyme calechel O-msthyltranafersse.
The astion of the ensyms may be explored at two lsvels; namely, in
vivo snd 4in vityo, There are ¢riticisme of both approsches. 4z in vivo
approash can be ariticized as heving tco many variasbles and hence leaving
results open to severel interpretations. In vitro resulis, on the other
hand, are obtained in a situation which Bas 1ittle in common with that in
tho.orgaiunadmnfmnynotmmwmnmnmmmt
animal,. On the view that reascning from & simple erstem to & mope complex
ong 49 less danperous than ¢rying o asoribe an observation to one ¢ffect
when usny might altermately bs considered, the in vitre appreach hes been
adapted in the following work.

The present study 52 an stiempt to charssterise rat u.w;- cstechol
Owmsthyltransforase through purification, Snvestigstion of substrates |
mmm,mmmutmmmpw@

It is hoped thal these studies will help ansmey the questions of how and
to vhat extent the engyme functions in the metabolism of the cateehol-

anmings,



xx, FXPERIMIMTAL HETHCDS ARD NEIULTS

l. rurifisation Studies.
&) Assay procedure:

Provioualy reported surificatieon studies of COHT from rat ldver
(2,36) had not used the recently deweloped, bubt widely used, ischnicues
of mlesular sieve chromiogzrophy wnd fon exchange chromatography on
substituted calluiosss, Prelininary experiments indicated that the main
drevbask in the uss of coluxn chroustogrephy techniques was the lsck of
a repid,sensitive aseay for the ensyme. The fiworometrie assay (2i)
involves two extrastions and muoch consequent manipulation, Asenys
involving the use of H-5 (28) op S—iMe-te-GlA (63), while more
sensitive than Lhe fluorometric assay, also require extractions snd are
quite time consuming. It wae thersfore thoupght thot At would be worth-

while to spend sore Lime in s search for 8 more convenlent und repdd assay

for the ennyws.

It was felt that the indleator pyroczlecholphthalein (CP) should be
a gubstrate for the aengyme and that its C-melhylated product misht have
different indicator properties. Accordingly, it was decided to test
this compound in a ostechsl methylating system from rat liver.

Prelininary experiments indicated that 7 was inszoluble in water,

It proved to Le soluble In alsohol ziving a colourless sclution znd was

.,



£loo soluble in basie solution. 10 =g ocould be disgolved in 50 ml of
0.5¢ phosphate buffer)pﬂ Q.G)wit.h slizkt hoating. The colour of the
basic solusion wos bluw. After standing ovarnight at room temperatire
the solntion becsme brown, oo An indtial experiments only freshly
propared CP. gplutior was paed, The incubation mixture consisted of the
following:

0,2 ml of &1 ¥elln

Ouh ml of 2.5 X 1073 Seilae

€.5 nl of 5.7 x 1074 CF 4n 0,5 phosphate buffer, pH 28,0

e w, of SnEYES .

Hlaniks were preparsd by omitiing Seile, The encyme used consisted
of s 30-50% amwonium sulfste fraction f_m; rst liver which had besen
ddalysed for 4 hours apainst vatar, Ineubations wers carried cut in n
weter bath at 37°C and were stepped by the addition of 1.0 ml of 0.254

vorate tulfer xt pH 10.0.

The addition of borate after X0 minutes of insubation changed the
colour of samples, whereas the colour of blank sclutiens was unaffected.
Blank solutions were brown due to the coloured enzyms sclution, The
inoubetdon of CF in the presense of S-ile and the sddition of borate
imparted a bluish tinge to the brown solutions, Additien of Seile to
tlanks afte;-. the addition of borate did not result in a change in colour,

nor wns o colour change ohserved when incubstions wore carrled outl using
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boiled SNRYT .

~ The absorption maximus for colour development was determined nsinx
s Bsuseh and Lomd Spestronio 505, Figure 1 shows the visible spectra
obtained for samples incubated for 5 mimites, L0 minutes and 20 mimutes.
The nmh; were centrifuged &t 1,500 rps for § mimutes after the addition
of berate and read azainst blanks Lo which no methyl donor had bosn added.
The maximum absorbance was found to be at sbout 595 n[x.

¥igure 2 ahows that the absorbance at tids wavelength is directly
propertional to both time of incubation and quantity of ensyme, Therefore,
1thtw eolour developzent observed upon the addition of
borate buffer ot pi 10 to CP incubsted in the pressnon of J-iks and GOHT
was due Lo an ensymstically formed product. The colour was very stable,
o differense belng noted in the absorption valuwes wfter one duy. Wnether
several day old or fresh CP solution wes used dld nob alffect the observed

abaorption,

That the enzyme responsible for this reastion was ldentiocal v.;ith
COMT was demonsirated by following the purifiocation of the sasyes by both
a modification of a fluorometric assay and by using the abeorbance ab 595
n/.carhr the sddition of borate to wsasure astivity. In tis case of the
flucremstric assay, the specific astivity was calculated as,»ts nstanephyine

mmdmaémmadmmmnmulliErmotm. Yhen CP
wan wped a5 substrate specific astivity was caloulated as absorbanse -
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&t 595 = pper 10 adsubes lnoubation per allligram of protein, The
flucroustric assay used was essentially that of sxslrod (2) excopt that
substrote and S-iide concemlrations were increased to 10.3 Hand 5x }.Qd"éi
in & voluze of 2 ml and the time of incubation wus decseased to 2. minutes,
Under those conditions a limear relationship between produch forvatdon and

engyee conceplration was oblained,

The following conditions were sdopted for the stendard P assay:

0.2 ml of 0.1 Hgll,

0.6 k1 of 5.7 x 107K GP 4n 0.5% phosphate buffer, pH 8.0

Gebs 1Y of 2.5 % 10°H S~rle y
0.8 ml of engyus selution,

Blanks wers prepared by the addition of O.4 ml of water instesd of
Jeilis.  Incubstions were carried out An centrifuge tubes at 37° for 10
minutes, Afler stopping the reastion by the addition of 1.0 ml of 0.254
borate buffer pi 10.0, tha tubes wore left 10 minutes 4o allow &
precipitate which formed to ssttle. The tubes were then sentrifuged for
5 minutes at 1500 rpa. The supernatant was tranaferred imto optical
cuvettes and sbsorbanse ab 595 m Jovns read in & Bausch and Lozb Spsctronic
20, Uzdar these condibions absorbance was found to inorease linoarly with
time of ineubation and concentration of enzyms,

Protein messuremsnts wers carried out using oither a microbiuret
mebhod (6h) or using an ultra vielet (UV) absorption method in which



s

rrotein accmaentraticon 4a enloul-ted s 1.55ﬁ250-ﬁ.?63950 (65) wiere nerg

1s the orticel density of the —rotein salution ot 270 mi in 2 1 om

1ight rath xnd rogy is the onticsl Jdensity =t 240 e

“he purificetion procedure used wea sirdlcr to that deseribed uy
iveleod (2)’¢;'ce:st thet = Yarin~ Qondor wes used to homer-nize ithe
ilverse The tissue was nrepared for 2ontrifucution by homorenizing et
rzavimal speed for 50 secondse Tho calelum nhos-hate rel trastment was
slsc modifieds ogative adsorotion was oarriod out after dislysing the
Ww50? ammonium sulfate Fraection arainst 0e02¥ nhosnhcte buffoer nil S8
for 5 hourse Caledum ohosphate rel (25 mg solidsfil) was used in ratic
of 2 mp »hosrhate ~or mg of vrotein. The srmecific ectivitics ord
nurifiec:tion achleved by wech sten as measu-ed by Loth 4838y wrocodures
are showm in Tshle 2, It esn re seon that only alight dii’i‘x:rancos in
erecific cotivities rasuli fz-ém sotimation of vroteln 'y the diflerent
rethodes 5 nee the UV adsorotion methe? sives comnipable values to nioroe

biurat rrotoin snd its ure 18 ruch mowe conveniont, it wss used for zll

rroteln deteruinations throughout the subsscuent worke Tsble 2 also atous

that there 18 no ifference in the enrintment of enryro as moasured by
both sssey methods during aporonimotely 10 fold -urificaiions This
indlested that astivity s mossured by the CP aszav war due o tac ENIYTI®

el Demethylatos enino-hrine,

Farther ovidance thst the CF zasay was messuring sebivily due to

20
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COHT was obtained by using (wo lnhibitors of the enzywes. Tropolones bave
boen found to be potent inhibitors of UKD wiwn epinephrine was uzed as
substrate (35). The sbility of the tropolome A-timjeplicin to inhibit
the astivity as woasured by the CP spsay was Lested using a final
concentration of the tropolone of 107™H¥, The tropolone was added
dissolved in aleohol aud control valuss were determined by the addition
of ulcoiwl. The conditions of assay were the followings

0.2 ml of 0.1K MgCl,

0ub ®L of 5.7 x 107N CF in 0.54 phosphate buifer, pH 8.0

Ouk gl 0f 2,5 X 1038 -ne

0.1 ml inhibitor Sn alechol, or 0.l ml of sleohol for controis

0.7 Bl enzynms
fisnctions were carried out for 5 and 10 mimutes. After there times of
inoubation,sasples to which inhibitor hed been added sxhibited aboub 253

of the astivity of controls,

The effeet of the CORT inhibitor 3,5-diicde~i-iydruiybentoic acid
(BIMBA) (36) was examined in a similar fashion. 10~hi DIHBA was found
to have very slight inhikilor astion. liwever, samples to which UIHBA
was added in & final somsentration of 1U R exhibited ebout 70% of the
astivity of contrals. It should be noted thatf-timjapliein is & much
more potent inhibitor of the P reaction than is DIH3A, In contrast,
when epinephrine wae used as the substrate tropolones and DIHS: exhibited



x
X

shoul the smme inhibitory camacity (26). Fowever, the feot that the CP
repotion was inhibited by both a tropolone and DIMHA: way taken asg further

evidengo thut the {F assay wea measuring activity due to CORI,

To ascertain what was happsring when GF and {=ille were incubated in
the prese@ of GUHT, experiments were carrisd out using Seaks-methyl-Gle
84 the methyl donor. The S-ile-mothyl-Clbh was diluted with carrier S—Ale
in the following wey. Ampules of 10/(0 contadning O.10L g of Swiie were
edluted te 10 uls vith woaler and 1.1 mg of non-rudicactive u~iie was sdded.
incubstion mixtures wers prepared as before, bub with & < foid increase in
wluks, The readctions were stopped by the addition of O.4 ml of
concantrated ICl, blanke were outained by the addition of i-~ike after
She addition of ML, After centrifugation st 2000 rpm for 5 minutes the
supernatant vas extracted with sthylacetate until sliquots from the aguecus
phase no longer turned blue in the presence of base. The ethylacstate
extrects were pooled and eveporated. The resldus was :i.'wwlm;d' in 0.2 wl
of sethansl and thin-layer chromatography was carried out with bengene: ‘
sothanol: acotie acid (45:8:4) as solvent ascording 40 a prucedure |
deserived for the separation of phenols {66). ZIpots were located by

spraying with either tetracotised bensidine (66) or 2.5 i laGl.

Dlank inoubations showed only one epot after apraying with tetroe

zotived benpidine or 2,9 H HatH snt this spot was dae to P, It was

soluired red-brown by tetrszotized bensidine end blue by Z.% B lalH amd

33.



had an e of U.25. Insubations carvied out in the presence of the conplste
aycte: showed the zpot of fip (.25 and in additien new spobe st Ry O.40

ewi Ep U.60. Theao spote sore plok in colour when tatrkzotized Lenwldine
was ustd s» the sprey, Wien spreyed with 2.57 FeUH bobh apots were dari

biue in appearants,

That thesy new spots wepe due %o the mathylation of CF was apparent
when the spots were soraped and sramined for redloastivity by liquid
sointSilation eownting. & procodure utilising Lhlxotronies gel powisr in
toluene to suspund the pertdoles was adopted (67). The sorapings were
suspuncied dn 15 ol of &b (/w) thlxotsopie ge) powsisr in 4olusne
seintillaticn solution contairdng S5z FF0 and 0.3 g dimethyl »#0FGP per
Mter of toluene. lenes of the cbrometogrsus ware divided Lnto loa®
asgtions snd these sections wore sorsped snd oouatsd. Unly in Lhe areas
onrresponding Lo the pew spots wars large munbers of counts dstected,

Flgure 3 stows the resglts obiained when incubations were carvicd -
sut for various timss, Lhen sxtracted, ceparsted npd comted se desoribed,
50,@. aliquots wers applicd to Lhe Qdoomstograns and the resulis vere
sorreatexd Sor blanks whilch were alwsys wery low. Thowgh the radicastivity
assoolated with oach produst spob increaped with inerzasing time of
insubstion, neithsy inoreased lloearly with tise of Incubatlion., Howwver,
ihe sum of tse radicastivity in both mpots oxhibits s linor relctionship
to tizs of incubation. These results wonid bhe cowpatibls wilth the reactisn
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ge~usnge 2howm in Flours I,

in order to  otemmine wether rusiseclphtialein wis 8 nroduct of
5o ?eéction. this comnound wzs synthesized. Synthasiz of
ruaiacoln tialein by on old rrocedure {£9) yetlled a nroduct ihai wes
not ~urs in the chromstograntic systeme . recent modificatlon of this
apgesdure was therefore zdontad (£7), but this sleo yieldel s ro.uct
whieh =en izmure in ‘he ch-omatozrephic systame Foth syntheses imvolved
the condernsation of pth:olic anhydride snd guaizcol and differ only in
tho ~wooelure for the isolation of rroducte In toth cases tio snols
oould e located after chrematography when 2.5 7 el wag used az spraye

-

4 gnot at T, aheut Gef0 anvesred to be vresent In largest smounte -
&

To obtsin chromatog ephically nure gﬁaiaealnht&alain, speparative
4rin lever o roamatogreanty utilieing olates with 2 1 mn thick layor of
2illcs rel G ua- éttemvtcd. The zem~le was disolved in metipnol (id
arnlicd s5 & bond alonz the orirsine After Jdovelowment, the urea of the
chromztosram 55 to G5 om Crom the origin wus serered argd the con-~ound
wes exiraobted fpom the sorandngs vith methonols Wien rechromatogreched

thiz extrsct rave only ons srot, miprating with an Rp of 0.0
X N 2 ¢

Lapger unounts of chromatonraphicelly nure comiound were rrenared
uaing # column of silics gels Tho columm was coullibrated with benzene:
mothznol: seetie ooid (45:3t4) ondd the samnle war annlied in this zolventis

The semnle woe eluted with the seme solvent under 10 pal nitrogen srecgure



37..

_
0—D - O— u — O—D2
EHD + EHO +
€HD0 €HD0 mxuo = zo \ HO HO
HO HO

*uoI3eTiygem dTruAZUS
sy3 jJo eeanoo pejernisod eyl ‘4 omITd

NIV LHJTI0OVIVND JIVIAIWYEILNI NIZIVHLHJTOHDZ LVOOU AL

o . X
O//n_V //U O// \_ P

HO HO HO




40 raint:in = rezponsble flow rote. 10 ml fractions were collectod.
Ierly samples contained only the comrnound which migrated with an fp of
0o 60, '

“he chremstopraphically vure comnound was sesnned for absorntion
at viaible wovelsngths on a ousch and Lomb Snectronic 505. 1.5 mg of
ocompourdi «as dissolved in 0,1 ml of alecohole. o5 m1 17 FgaCH and 0.4 mi
of waler wore 2dded ¢nd the solution wes scanned against a blank to
which no compound had bwen added. The sbsorbance maxirmm was between 501
and 597 mi, which agrees exactly with the absorbance peak for the colour
developed in ti:o‘ enzyme assay and well with a reported value Tor
guedacolphthalein of 586w502 under identical conditions (70)e

To determine whethor the chromatographically pure comvound could
secount for tho colour devolonment observed in the assay for CUNT the
following ovmerime t wna nerformeds 2 mg of the compound wos dlssolwed
in Oul ml of rlechiol ond 49 rl of vhosnhnie taf ar oH 2,0 s rdded,
Trilarly, 2 mg of TF uas dizsolved amxd dlluted ith phosnlizta. .i’m::ori‘ lons
o2 nach g solution in make un D6 0l were added to wixlires conteinicg
0u2 v Eglin, Dell =1 wmter, Cuof ml enmyme solition, nd 1.0 w1l of Q725 &
borate huffor vl 10.0. Optilce) density wzs rrad ot 505 ma zpainst 2
pixture to whizh enlr OF hed bren sddeds The r sults sre soen n Fiqure

Se¢ It is arvaront that the nurified commound ean aseccont for the inarcase

of ontleal density at 579 o observed urder tho enrlitions of the assaye

3.
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In addition, the colour was found to be stable for at least one day. By
decroasing the amount of CP adced, substituting instead phosphats buffer,
it wag found that the cmount of CP present hed no effect on the sbsorbance

at 595 mu in the condition of the assay.

The infraered spectrum of the purified compound was scanned on
a Unicam SF200. 3 mg of compound was mixed with 100 mg of K3r and pressed
‘nto a disc. The snectrum of CP was slso scanned for comparative purposes.
The gpectra of the two aompounds were very similar. However, the purified

1

commound had absorption peaks at 2830 ocm — and 1050 cm'l which were not

present in the CP spectrum. These peaks are due to methyl ethers (71).

The visible and infra-red spect—e as well as the chromatographie
properties of the purified compound were strong evidence that the compound

was gualacolphthalein.

That this comuound waes a product of the engynatic C-methylation of
CP was showm by seversl findings. The visible spectrum of the coﬁ@ound in
basic eonditions was identical to that observed in the CP assaye In both
czgos the zbsorption maximum was in the range of 591=557 mue The ¥, of
the compound (6.60) oo:r@spondad axactly to one of tho spots observed
when ertracts of tho CP assay were chromatograpned. The bohavior of the
compound in the conditions of the assay showed that it nosscssed the

necessary properties to produce the colour si:servede

It was therefore concluded that in the presence of SeAlle and CCGMT,



CP 18 curymatisally C-methylated to form gualacolphthalein. Thnis soapound ,
unlike CF, is coleursd when made basic by borste buffer. This difference
in properties may erise from the ability of bvorste to complex polyhyirexids
componds (72). Since CP is & polyhydroxide compound, it would be
expocted to . fom a complex with borate. The formation of this sovplex

msy prevent the proton snd elesiron shifts necezsary for eslour forwation.
Guaimcolphthslein, whick does not have adjssent hydroxy groups, would nob
be expucted to form a complex with borste end therefore sould be coloured

uy basic borate buffer,

kW,iﬁisthheMbyMﬁmefﬁ?Wa&
rapid guantitative assey for CONT. The use of this sssay procedure made
fesnsible the application of colusn teeknitues to the pariflcation of the
onayus , foraalthth«motmchamumimuldmmuyuaof the
large mumbers of fractions thst thess techmiques necosaitale bo accomplishe-
¢d. The following work desoribes attempts to spply these teshiiques %o
the puriiicstion of the encyns.



b} Holecular sisve chromatography.

(f the recently developed techniquea that are used in the
;mriﬁcation of enzymes, rolecular sieve chromatography .or sel
filtration is, perhaps, the mildest. The recent literature contedns
sle s repcx;hs of pood parificetions with little loss in activity. It vas
therofore decided to sttempt to opply this technicue to the purification

of GGl

Two types of gels capable of separating rolecules on the basis of
molegular welght are available. & serdss of dextrans are marketed by
Phamacia Fine Chesdcals under the trademark of Sephadex. Bio-itad
Lsboratories seils & series of polyaorylemide gels with ihe irade name
Bio-iel. Sinee preliminary experiments with the vephadexes had proved

unsucesssful (36), the Bioc-Gel series was tested first.

The 30=-50% ammoniun sulfste fraction was dialyzed agaizist 0L UL
phosphate buffer, ph 5.0, for six lours. fneyme was applied in and
oluted with thkis buffer becauss it was planned to pass the oluted énzyme
shrough DEsE cellulose znd prelinmdnayy experdinents hed indiested vhat the

enzywe wWas retained on DEAY cellulose under theso buffer conditions.

The Blo-Gels ?=10 with an exslusion limit of molecular weight of
10,000, P=£0 with an exclusion Himdt of molecular welght of 60,000, and
PelO0 with an exolusion limit of molecular weight of 100,000 were clloved

to gwell in on excess of tho btuffer overnisht. Colurns 1 om X 30 em wedre

41.



prapared by pouring suspensions of the swollen gels into columns half
£i1led with baffer. Huffer wes allowed to drip out of the bottom of the
columns and the volumes were replenished by the sddition of gel suspousions
untdl the decired bed height had been reached. Columas were propared and

rmn in a cold room st 4°C,

2 nl portions of onzyms solution were applied to the settled colusnsg.,
After the onuyme had entered into the colurms, phosphate buffer was used
to olube. 3 ml Drectiocns were collscted and protein end activity
raasurenents made. Only with the Sio«lel r~(U coluxn did the onuyss
sctivity appesar Lo be peparated from the bulk of the protsin. In this
omse, it sppeared thet the enxyme wes signifiesntly retardsd by the gel,

vheross nost of the proteln preseat was not.

Larger P«40 colizns were prepired, Cn & 2.5 om X 45 cm column it
was found that the JO-50% asmonium smulfate fraotion from 120 nl of pH 5
supornatant could be applied disaclved o a total voluse of ls‘ml in
0.01M phasphate buffer pH 8,0, Five nl frections were colleoted at a

fiow rate of about 50 m1. per hour.

Undor these condltione enzyme began to come off about <5 =l  after
the {irst protein and sstiviiy continued to be eluted up to A5 ml.. The
tulk of the aetivity was in the volums between 30 and 40 ml after the
first protein, Wwhen this fraction was masayed 4t was found %o bs sbout

forty fold purified compared to the originel supernetant and it contained
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about two-thirds of the metivity ordginally pleced on the columm,

The 30=-50% smsonium sulfste frastion was applied without preliminery
dialymis and it was found that  single run on P60 resulted in both
purdfication and desalting, On & 2.5 om X 45 o eolwmn with 15 ml of the
50-50% ammonium sulfato fractien spplied, smsonium did not begin to appesr
in the eluate until 20 ml' after the last of the engyns bad been eiuted.
Azmoniun was debooted by the addition of 0.2 ml of eluste 1o 0.5 wl of
Nessler's deagent. In the presance of asmonium the clewr Hussler's
twagent formed & Lright orange procipitate, iIlution was carried out
uzmtil all the ssmonium had buen removed from the coluwmn, snother batsh

of ensyme was then applied and compurable rosulis were ovtained,

since the 30-500 smsenium sulfate presipitats was about five fold
wmirifisd over the supernetant and the P=$0 elugts was about forty feld
purified, it iz eapparent that passege through Bio-Gel Peb0 results in
atout 8 fold puritia&.t.ion of the ennyse with little loss in activity,
The firct frastions of enzyme eluted did not have as high a speoifie
pstivity as svbsscuent freestione., The purificstion of these Iraclicns
sould rot bo Inereased by another passage through the colum. JSince they
reprosented only sbout one quarter of the applied activiiy, Lbey were
digenrded,

In subssquent anglysis of fractions of ¢ffiucnt frow solwsna,the CP

~ apsay wes modified alightly to [acilitate nore rapid location of sctivity,



The following auantitiss of reagents were sixed in & 10 ml test tudbe:
0.2 m) of 5.7 x 10™%% CP tn 0.5M phosphats buffer, pi 8.0
© 0.1 ml of 0.1 Hgol,
0.1 nl of 2.5 x L3R S-Ale
Us2 Ml aliquet of the frastion to be tested,

Ircubations were carvied out ab 370 for 10 minutes, heustions were

stopped by the sddition of 0.5 ml of Q.25 bopate buffer, pH 10,0, A desp
bive colour on the addition of borate indiecated tiis presence of the eazymse
in the frustion testc!. VFractions containing no aativity were ot coloure
ed by the addition of borzte, The frastione giving the deepest colour
were pooled, FProtein estimation and guantitative ensyze sssay either by
the otandard CP assay or bthe modified fluorometric assay were sarried out
on the pooled fractions of high sctivity. Sines the enwmyme in the effiucat
of 60 coluons wes considerstly more soncentreted than in the supsrnatant
frection, the volume of ennyms added im both the CP assay andtha fluoros
motric asssy was desreased from 0.8 ml to 0,2 ml. 0.6 ml of weter was
sdded to make up for the volume decresass in the incubetion mixtures.

To test the offoct of pH on the separation, =60 columns were
equilibrated s eluted with 0,014 phosphate pH 6.7 and Q,Q1H agetats pi
5,0, ceparations carried cut under these sonditions were identical to
those obtained when é.um phomphate buffer pi 8.0 was used, Therefore
the oeparstion appeared to be imdependent of pH. iowever, deoreasing the
molarity of the eiuting bLuffer tsn fold wax deleterious to the enayme.
Altlough in this case too it was apparent that the enzyme was retarded

uy,



; relative to most of the protein, the activity whish was recovered was very

lonr.

HJephadex (=75, the dextrsa gel of cormparable excluslon lizit W
gio-rel =60, vaz tected., Previous atterptz to use thia gel in the
:?uriﬂca‘ti!m of CUHT had been vheuccessful (36). Very slow llow rates
were eneountersd. This prodlen wae claimed to be overcome by the
| rarafosturers by nmeking the gels in the form of beads, se thiz new bead
Torm was wsad, Colwns wers prepared in an identicsl vamer to Lue 3low
Gel P-4 oolumns. /liiwugh the flow rate was adequate tod reascncble
jaudsication was obtained, tiw resolution was not ap great as with Bio-Gel
Po§0 =nd more dilution of il sctivity occurred. For these reasons, Glo- )

Gel P-60 was used in routine preparstions of the ensyms.

The P=50 oluate sontaining the ensyme activity waa colourless end

| the engyme vae ouits stable ot this stage since very little loas of acvivily
was engountersd on seversl days storage at [®, The pmpmtibn could be
kept indefinitely after lyophilisation with no lowe in sotivity,




5
l%
% . q’64

! ¢) Iom—exshangs chromatography on substituted celluloses.

Purification of enmymes on substituted celluloses hus bLegoms very
common in the last tan years. Although & muber of celluloss ion
exshangers are available, two are auth more {requently used than others.
: Disthylamincothyleelluloss (LEAZ) is tiw most widely used anion exchanger
ead oarboxymsthyleelluloss (Ci) 4s the most frequembly used cation

i exchanger. hiecordingly, the ability of thess two exahangers to affeet a
purdificetion of CUET was exmmined,

A previous atiexpt to use LLAL to purify GUT bal been unsuccessiul
(36). lowever, another report showed Lhat by the use of Jiik, lodophensl -
Oemwthyltraneforase sotivity could be separsted Irum catechol U~aethyl-
tmnfer#u activity (26). Gl was eluted from m column using a
pbbs;;hau grodient at pH 8;0, but a high degres of purification was not
| obtained. These results, however, sugecepted that DEAE crromatography
using phosphate for eolutien offered possibilities for g.mrif.’s.cétim snd 90
theue conditiono were adoptod in preliminery sttemrts to purify COMT.
Fithepr tha 30-50% amoniun selfate frastion after paseage through Sephadex
G=25 dn 0.0 phosphats,ph 8.0, or sluted setivily from P~60 coluzmns were
applied 1o colunns of DXAL. The LEAL used waa high cspscity Cellex D
obtained from Bio~ind lasboratoriesx., EHarly moperimsnte utilized the

technioue recommnded by the narufacturers for the preparation of the

gdaorbent, This consisted of stirring the ddrerbert in sbout & 50 x (¥/v)
excess of starting buffer, leavinz for abouwt 15 mirutes and decznting the
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sunsrnatant. The progedure was then repeated. The resulting presipitate
was resuspended in a emsll volume of buffer and ths coluzmn poured,

Columns were squilibrated with 0,0l piosphate bulfer, ph.8.0, and
eniyrse was applied in thls Lulfer., Tiw ensywe was retalnsd abt this
solarity. slution was carried ocut uaing either a gradisnt or a siepwise
inorease in buifer molaprity. OLradiesnts were preparsd by placing a given
volwae of O.0LH buffer, pi 8.0, in & container having a side arm at the
bottonm, A separsting funnel containing un equal wolume of 3.24 rhosphate
p#l 3,0 was fitted on top of the lower container using & rubber stopper,

Hixing was earried ocut in the lower chamber Yy means of o magnetis stirrer.

Stepwlse elutlion was cerried out by applying huffers of incrsasing molarity

28 soon as &ll of the precesding buffor had sunk into Lhe solumn.

relininary atteupts &b purilicatien utilized colwmns contuining
either 5 or 10 g dry weight of exchenger. Lagyme preparstions whish had
been passed through either Ce2% or P«40 wers applied. The Mty of
ongyme applied odmaponded %o that whish was obtained in 50 ml of super=
natant. Although sowe purification wue noted with both enzyme prepeurations
and both typez of elution, yislds were low and it appeared that the enmyme
wvas gquite unstsble whan eluted, The stepwire slutdsn zave z more
concentratad enzyme solution with z slightly detter yield of setivity and
for this reason furiher attempts were wmade uzing the stepvine elution

srecsdure,

47,
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Smaller colurne corresponding to 1 g dry weight of exshanger were
prepared. It was found that when the same smount of ensyme activity that
had been applied to larger colurns wan placed on the mwmll columnz all
of the aotivity wes retained., It eould not be eluted by 0.01M nhosphate,
ol R.0,0r 0,024 shosphate, pH 8.0, ¥hen 0,064 phoaphate was applied, Lhe
ensyme wsh eluted in & guite concentrated sclution., The yleld was about
a8 of the original activity. uhen engyme which had been passed through
Bio-Gel =60 was applied a further four fold purificstion was obtained.
flowever, the eluted enzyme aguin was wery unstable, 4tterpte to preserve
the astivity by the addition of cysteine or Mmeaptoethanol were unsuccess-
fule Also attempis Lo use a gradient elution on the smell colurm were

snmucocssalul,

in examination of thé progedure ussd Lo prepare the exchanger
ravesled that after the rocomzmemded prosedure had beon carried oul the
pif of the effluent wes higher than that of the equilibreting buffer. A
new wash prosedure was devised which led to equilibration of the mhmg:r
with the eluting builfer. This consisted of suspending the L[IAL 1n a
hundred tines excess (¥/v) of 0.5 prisary sodiwe phosphete, leaving 15
minutes Lo setile, and pouring off ths elovdy supernatant, Tho residue
wge filtsred on & qcinhred glass funnel using veouun, then vresusgponded in
0.5 primery sodium phosphate and treated ae before,  fter filtration,
the axchanger wae washed with G,0lK phosphate pH 8.0, and then suspended
in & hundrod {ines sxness of this aifer and treated as before. Three

48



treatoaeats with thic huffer razulied in amilibhration asg meanuved by the
pii of Lhe Tlirata, . ftar squilidration had baen achleved thg [RAY was

gusoended in 2 @;all voluma of buffer ~»3 the golin was poursd,

When columns were preparsd in Lhis wenner and & stepwise slution was
used, abcut S0L of the zetivity placed on the column could De recovered,
When P-60 sluste enzyms sorresponding 1o 120 mlu of supernatant was
epplied to coluess made from 2 g dry weight of Lil, o further four fold
purification was cordeved, Tie stepwise elutdon conasizted of paszing

tivough & voliwsa of 0,0L Hhosphate butfer equel Lo Lhe veluse of enayms

epplied. “hen twlco tho volwss of 0,024 phosplate,pii 5.0,was «pplied.

0.06 phoaphate was then applied to elute the ensymo. The eluted activity

could bo proserved indefinitely if this preparatic: woe ilmaeiiately
lyophilived.,

Ciecollulose wae used Lo examine 1f a cxtion oxchanger could be of
value in the purification of the enxmymm. Leiples werg yrepf;ré«i for
applicavion by ;ﬁs:xwga Larough P60 ecuilibrated witha appropriste baflers.
Tne Lie-0elluiose was prepared by the procedare recomaended Ly the
manufacilurers whlch was ldentiosl to thal rotaumendedi for the prsparation
of ukbabe volunns equllibrated with 0,014 acetete buffier phi 5.0 and C.0k&
phosphats pii 6,7 wers prepared. In both cases the engymw activity and
st of Lhe protelm prescnt ware not reteined, Thersfore, under those

conditions Uicellulose was of 1o value 4n tha mrdfication af the enzyme.

49.



Attaspts Lo purify the ensyme wsing cclwsme of nydroxylapatite
oraved unsuccessful. Frasticnation of vhe ensyme using etbanol slso
yislded no workimhile purificsticn, |
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d) Summory of the murificat *y 1:rae

“or routine proparation of the oneyme shout 65 g of vat liver woro

Lomorenised in 4 volumes of ice cold isotonie HC4 in a Worling Flerder -t

‘,10

% meximm spoed for L5 secondse All omerations were zarried out av =

3
.

The supmmatont efter centrdifuging st 10,000x 2 for L hour wes mede lo

pll 5,0, as deter-ined with 2 p’l meter, by the additios of L% scotic azide

After 10 minutcs this nrensration was centrifused for 10 minutes ot 10,000

ge Fmonium sulfate was added to the supernatant wits stirring untll
707 saturation was reachrds  After 0 mimutes stirring tho solutlon wes
centrifured ai 10,000x g for 10 rmimutes. The sunernstant wag mide to 57
saturation with smmonium sulfste srd stirred srd contrifugod as belores
T™ho nweninitate of this treatment contalned tho engmige A% this ntare

e enzvme could be stored fow ronihs in the deon freeze withoat loss of

activitye

The armodum sulfste precipitate corresmonding to 14C Bl of sunone
notant was dlesolved to & volure of 15 11 in 0.0 phosshete buffer, nil
£,0, and nassed through a 25 ¥ 15 em P=f0 column equilibrated with this
mfFer at a flou rate of 50 ml por hours Too such colwng could
aenveniontly bs run st cnoee The [ractions of the © ~&0 sluste contalning

the mevimum activity were posled amd nlseed on & TRAR cclum- made Trom

2 g dry woipght of T7AT and equlibrated sdth 06018 rhosnphele, pi 8ol

The eneyvme #as oluted by & stepwise increano in the molamity of ~hosphats

51,
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tuffer os dezeribed previously. The remults of « typleal purification
are sunearised in Table 3,

Purifisstions were umially about 200 fold as compared to the supar-
ratant, with a yield of about 104 of the initial activity. The envyne
ceuld ba’ stored Yor months after lyoshilisation without significant ioass
of activity,

\J‘
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e) Polyacrylamide gel electrophoresig.

In order to determine the extent of purification achleved,
volyacrrlanide gel electronhoresis was carrled out on the enzyme
prenarations. A Canalco lodel 12 apparatus was used. Gels wers
prepared using the formulstions given ty Csnalco for tho standard 7%

gols The stacking gel was prevared fror the following Stock Solutions:

(B) 1N 4c1 &8l (D) Acrylaumide 10 ¢
Tris 5¢58 ¢ Ris 2.5 ¢
Temed 046 m1 ' “ater to make 100 wl
Water to mske 100 ml

(8) . Riboflavin (¢) Sucrose %0 g
L mg in 100 ml water Water to make 100 nl

The gel was formed by mixing 1 pert of Stock Solution B, 1 part of Stock
Solution D, 1 part of Stock Solution ¥, 1 part water and & parts Stock
Solution Fe

The separ:ctine pol was prepared i‘rdm the following Stock 3olutions:

(A) 1y W 48 121 ' (C) Acrylamide 28 g
Tris 5.3 g "ds 04735 g

Temed 0e23 1 water to make 100 ml
Yater to make 100 ml ‘ '

(G) Catalyst

/mzoniuvm psrsulfate Ol g

Water to make 100 ml
The gel. was formed by mixing 1 part “tock Zolution A, 1 part Stock
Solution C, and 2 parts Stock Solution G irwmedlately before using. &
recormended procedurs in vhich samples were added to the gel colwrm Juat
prior to electrophoresis was sadopted. The pel columns conslisted of two
separately ‘polymerized gels, the stocking gel ond the separating sele.
They were prepared in glasa tubing 5 mm id G+ mn in the following wayg.
One end of the slass tubing was olugged with o rubber stonpep sod 200 gl

Hote: 2eamino-2ehydroxymethylels3enropandiol tris
N, 0,0, ' Tetrametiylethylonedismine temed
N, N'erathyleneblsacrylenide bis
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of %7 sucrese wss adled 4o the nolins by = ens of s syrings. ZOOH 1
of gtockinr rel wop lavered on 4on of the suoroaze and overleyersd with
m?&" to wrevent cnrvoturve of the pel dus Lo the wenisona, ?’-w}.merizatim

wss os-ried out by ernosing the gel to 2 flucrescent light for tiry

minutess The ecclurms wvere then {illed wAth menareting gele :olymerization

wag eomrlote in shout W minutes, FL the end of thia Lime, i rabbew
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stompers were revoveid and the suereze ums poursd oute Tlumg wore
connpcted to the amper W th br mesns of rabimr zdepters, sg thst Lthe

el say on Live 280 xY of & aold Maffop anutalining 2o s
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-
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Titer wan added Lo the ton beth loh gontadined

e

el WM g lietse sev
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tho cathads o 00 W0 of the saro Waffer wes odted 4o Lrs Lo

o i b

containing iy 21070 oo helf 2l of the truclting dve, broomhianel Dise,

wag #82ad Lo e oo batl oand the rocaebly wag slooed in the aold voon.e
rertdiiined enmne “meczrel ong wono Ainseled 1n BOT sucroce and layared
into thw srace on tor of tho atuackling 78] in the ecolmnzs & gurrsnd of
Meee Be ver colunn wis seniied snd the elseironhorasls s cmrr‘?ed A
antil the frcoling dre had rdprated to the end of the oolwwm, This
renuired sbout one houre The current wio ihen shat off and thae pals wers
rehoved fpom the salumrs.  Saining weo sarried 28 using aniline Dlaeh &b
z acngentration of one zrak of stedn nev 2090 »1 of 77 sootio anide
Tactaining wan carecled ot electrorhoreticslly with o current of 1245 ca

} par tube, fcellic seld wves ~loced in the too amd bottonm beths Snstesd of

the tris glroine buffer whon destaining.

It yme found that ander tho sbove coxddtiomne on avlication of 100
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HE af ~+oloin in ’2.00/41 of sugrvse sove the best resulls voon rtalindng as
evidenced Y the anseapsniee of sharn, diatinet banda in the festalned
sro-laae 1% wse nlan fom? thit the tufler in tho batls shonld be

changed of¥ar RUory TN

“hem Iyonhlidred "= eluateo wag subiected to nolyacyslszide gel
electrorhorosis, 2t leoast 173 Jdistinet bends were amnarente irestment whth
LT rofuesd Sno mulsr of bands vislble to &, In both nraserctions there
wire throe bonds whilch wers much Jerker then tho ctherse Theoze hands
were nuiteo closa togother ripgrsting botween Z.5 e and 30 em into e

gomarsling sel vhen the traciking dye wes silownd Lo oigrete 5 one

LeRernde wome rade o0 locate the onoyze sctivity in the olse  fiep

£

#

slocinortavreris the rels wore rencved, and ~iazced In test tuies condtadning

3

v
LTS

Te8 21 of 5.7 ¥ 1IN 0P in obosrtatey T3 ml of Celi tgll. and 0.0 w1 of
Z.x 10"‘2“?~:‘ Tty THankts were rogetared B the susglisntlon of water lop
fatiios  Imouhetions were excried sont i P for 15 zlmitese The incubstion
zisture won then remowd and the gels wore washed once with wstor. Tow

wpter wug rendved omel 2.0 2] of $.258 horsle buffer nil ilel wos ad ode

SGefore L2 od fUion of borate, the gels wore devk bluge @ ad'illon
of bosate soused & rredual decolorization slartling Jroe the euterlsr of the
gale and vrogrescing toward the n3ie. wmnles incutated in Lw angere
of e ’la wore cowv.‘ifatlaly Agealoriced wiihin 49 minutoss on inaubeblons

were carvied ool in the wresence of “wii, ends were wppirent on tho

sdltion of borstee Theose rare a iiferoni shode o bloe than the entire
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gel and did not beccme decolorized as borate penetrated the pel., Yhen 2 ng
of lyophiliged Pw60 eluate was spplied in 100 Bl of sucrose, two dark blue
bands were apparent vhen the enzyrie assay procedure was carried out., These
bands were quite close together and were located in a region betuveen 2.5
and 3,0 cm into the meparating gel when the tracking dye had been allowed
to migrata‘ g cm, 'l‘he aseay of enzyme preparations whieh had becn passed
through DEAE  also showed the presence of two bands occuring in ‘he same
reglion as before. ior both preparations the bands vhich sppeared reached
a maxioum intensity in about timzrty mimites, They became more diffuse
with increasing time until after three hours they wers no lenger

vigible,

It was spparent that the activity bands wers in the region of greatest
protein concentration as Judged by the staining procedure. This finding
indicates that most of the protein in the purified preparations has
about the same electroplioretic mobility as the engyme in the gel system
used. The reason for the two bande of activity that wers obgerved is not
known. Possibly the eapplication of preparative procedures of po]&acrylaxdde
gel electrophoresis may furnish an explanation,
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| It has been reported that using Sephadex G~100 & lincar eorrolation
csn be obtained between the ratio of the elution volume, V, of a protein
on & given column to the void wolume, Vo, of the colusmn ond Lhe logaritha
of the molecular welglh of the protein (79). An squstion has besn derived
which sllows the salculation of molecular weight from data obtained by gel
filtretion (80), It was shown that the molecular waight as csloulated

uging uie erpution

4
3 3 g
K = (7 Y 3
- (Qeg={=)") %
£ Vo where K is the aube yeob of the

moleonlar weight, o Fana & are opnstents, V is the clution volume, and
Vo ie the void volune, sgrecd very well with values determined for &
varioty of proteins by physico-chesical methods, Only with ensymes
capeble of binding carbohydrates were sericus disorepanciss noted, It
wae thorefore deoided that an estimstion of the molesular weight of COMT
based on its elﬁtinu volume on Sephadex (=100 would be of value.

smcnitnubmnfemmtmnmh&ugewmuron&em
whan low ionle strength tuffers are weed (8l), 0.01H asetate buffer, pil
640, containing 0.1 KaCl, which had besn shown to be of sufficient lonie
strength 1o eliminate this effect (79), was usad. Uephadex (=100 (ot no.
TO 2946, purticle pize w—wo;') wags allowed to swell in an excess of this
buffer for thres days., & colum 1.5 em x 70 am was then poured in the

sold Toom. A fingl operating pressure of 15 om was used, DBuffer was run

58.



s N T
AT sﬂm%

R e R T TS PO

59.

through the celumn until a constant flow rate of 3 si/hr was cbtatned.

2 ml freotions were collected. 7The wold volume of the column determined
usdng 1 mi of a 0.1k sclution of Slus Lextran 2000, a substanos of high
solesular walght which 1s complately exsluded by Sephadex G=100, acsord-
Ing to the menufsaturers of :i;’tpimdfi:, was found to be 38 mle, In order
to caloulate Lbe constants § and G- two proteins of known molecular
welght ware chromatographed. 3x crystallized({-chymoteypsin of molscular
welght 22,500 (82) gave & ¥/Vp of 2,10 snd Zx crystallized popsin of
moleqular weight 35,500 (79) gave & '/V, of 1,60, 5 ug of sample was
spplied in 1 ml of a 0.1% solution of Blue Dextran 2000 and the elution
volumes were determined using O.Degon %o estimate protein in the sluste,
From these ratios the velus of g was caleunlated to de 0,95 and Cgm
enloulsted to be 40.0. To estimate the molscular weight of Ui¥T, § =g
of the lyophilised Biowlel F=60 sluete was applied to the aolurm, CUNT
wap locsted in the eluate using both O.D.pn and & GP astivity measure-
ment. The vatc:l.gl end activity peuks of the eluste vere gymmstrical and
the centyes of the peaks corresponded sxactly. Three separate delermin-
ations of V/V, wers made for the CUMT. Very similar values were obtained
in saoh experiment, The average value was 1,79, Uxdng this vaive of
¥/, und values of g ond © é"or 0.95 and 40.0 respsctively, the molscular
weight of UGHT was caloulated to be 29,000,
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a) JInhibitory potencisg and subsirate valnes.

An investigation of the requiremcnts necessary for the binding of
& compound to the agtive ventre of CUMT was undertaken in the lwpe that
soza inr;wmt.ion on the nature of the eotive centre and the mechoniss of
sotion of tho ensyms might be obtained, IL was dscided tiat the examine
ation of & variety of cateshol analegues both as inhdbitors and a3
substrates would be the best way of obtaining informaticn of this kind,

Inhibition studies were carried cut uaing the O ascay to ncasure
sctivity, OComplate kinntic analysis vas not attespted because of the
complemity of the OF reaotdon. Inecubation ndxtﬂma_comimeé of the
following:

De2 Bl of 0oL Hglly

Oxh nL of 0,51 phosphate duffer, pH 8,0

Dok 1l of 2.5 x 207 Swhite

0.1 nl of substrate in alcohol

G.l ml of inhibitors in alecohsl, or 0,1 ml of aloohol for the

control.

0.6 ml of water
Oe nl of enmyus (#=-60 oluate)

Final subatréte gonsantrations of 1,5 x 1084 and 3.0 > 10""1% ware

upad, Inhihiiors werw present in & {inal concentrstion of 1.5 x 10""5.

Thess inhibitdon studics showed that only compounds with adjscent
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hydroxy groups were capable of inhibiting the CP resction, L-chloro=3-
hydroxytoluene, O-aminophenol, and O-nitrophencl had no eifect on tha
reaétion, desonstrating that neither chloro, wmino, nor nitro groups
could be substituted for the sscond hydroxyl groep, Adjacent sulfhyiryl
groups coald not be substituted for adjasent hydroxyl groups aas 3,k
dimercaptotoluene had no inhibitory action.

All catechols tested exhitbited sume degree of inhibition. Varlation
of both the nature und position of the side chain indicated that both of
these factors were lmportant in dstermining the deyree of inhibition.
Table &4 ewwsarizes the results of this work. 4 cosparisan of the inkibite
ion observed in the prumemce of k~nitrocatechol, bk-chlorvestechol, and
Lehydroxycatechol shows that the al.eqt.rénie naturs of Lhe group in the
four positicn has an effect on the degree of inhibition, The presence of
the electronm attrasting nitro zroups produces the nost marked inhibition,
This is sompatible with a mechanisa in which & negatively cherged catechol
dorivative is formed as an intermediate (33). The presence of an eloctron
attracting group would stabilise such an intermediste. |

Increasing the siso of the alkyl side chain ab position & appears to
increase the inhibition since both 4f-tertoctyleatechol and Lelsopropyl-
catechol sre detbter inhibitors than f=methylostechol. Insufficient data
in avallable to attempb to raticnalize this observstion, The ghifting of
the bulky isopropyl group from the four paai;tinn to the three position
decreases the inhibition. This result suggests that it iz possible
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TABLE &4
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. CONCENTRATION | CONCENTRATICN |9% INEIBITIC
COMPOUND OF SUBSTRATE | OF INHIBITOR 10 NINUTES
| 4-hydroxycatechol s x10™'m 1.5 x 1074k 49
| (1,2,4-trihydroxy benzene)3.0 x 10°'M | 1.5 x 107 7i 41
4 | -4 ,
g 4-chlorocatechol 1.5 x 10 M ; 1.5 x 10 M 42
{ . 3.0 x 107'M | 1.5 x 107*u 30
i i
f - ~4 i -4
i 4-nitrocatechol 1.5 x 10 M 1 1,.5x 10 M 36
§ 3.0 x 107" 1 1.5 x 107 67
| | -4 ’ -4 :
! 4~ methylcatechol 1.5 x 10 M 1.5 x 10 M 40
| 3.0 x 100" | 1.5 x 1074w 3%
- ; .
. 3-methylcatechol 1.5 x 107 | 1.5 x 107y 35
f 3,0 x 107 | 1.5 x 10 %u 25
I . e ) : :
: -4 i -4 |
4-iso-propylcatechol 1.5 x 10 "M 1.5 x 10 ™M 55
5.0 x 10™7M 1.5 x 10™%n 52
N t L
: —4 ‘ L
!  3- iso-propylcatechol 1.5 x 10 M 1.5 = 107 M 40
| 3.0 x 10”1 1.5 x 10~%u 30
f -4 -4 _
i G-tert-octylcatechol 1.5 x 10 'M 1.5 x 10 M 55
| 3.0 x 10~y 1.5 x 10™*u 52
3,4~dihydroxybenzaldehyde |1.5 x 10—4M 1.5 x lO_4M | 47
3.0 x 10~y 1.5 x 10 %y g 29
T A - Z i iy
purpurogallin 1.5 x 10 M 1.5 x 10 M ; 82
3.0 x 107" 1.5 x 107*m 67
4-methyldaphenetine 1.5 x 107y 1.5 x 107" M| 82
- 3.0 x 107y 1.5 x 1077% |
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sterically to hinder the binding of 2 potential substrate to the engyme.

The position of the less bulky mgathyl groups appears to have no effeat on

the inhibition 28 3= and Yemethyloatechol exhibit aboud the same degres of
inhibition.

Doth double ring compourds tested proved to be potent inhibitors.

It was reasonsble to assume that the observed inhibitions were due
; to competition for the aotive site of tho enzyme, the inhibitors themselves
being substrates; however, it was decided that further evidence was
* required for this assurption. Accordingly, a series of compounds were
tested as substrates for the cnzyme in the fellowing way. SeAMewmethyle

A
e e

C1* vas used es the methyl donor diluted with carrier S-AMe. To an ampule
of 10 uC S-AMe-mothyleCl™ conteining 0,101 mg of SeAMs, 13.1 mg of cold

b

S=AMe was added. The volume was msde to 10 ml with water, Incubation

T T T SR e T

mixtures contained 0.2 ml of 0,54 phosphate buffer, pH 8,0, 0.2 ml of
0.1M MgCls, and Ou4 ml of the above radicsctive SeAMe solution. Potente
1al substrates were added in 0,2 ml of alcohol so that the final
concentration was 1 x 10, 0.5 0l of P=60 eluate was used as ths
source of onzyme, Reactions were stopped by the addition of 1,0 ml of
10% sulfosalicylic acid. Blanks were prepared by the addition of the
methyl donor after the addition of sulfosslioylic acid, The acidified
inocubation mixtures were filtered, the filter having been previocusly
wotted uith‘acid. 1 ml of acid vas used to wash the residue, The filtrate

wag then extracted 3 tim:-s with 5 ml ethyl scetate. The extracts were
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poolad snd a 0,5 mi sliquot was pipetted into a seintillation vial contain-
ing 9.5 ml of a scintillation mixture, conslsting of O.4% PO dissolved in
a mixture of 50% ethanol and 50% toluene, Samples were counted for two
mirzites in & Nuslear Chicago Hark I Seintillstion Counter,

in muoﬁ of the timo course of ile mthylabion of fewetiyl-
cateshol and 4=tertoatyleateshol revealed that the reactions were complete
witkdn 30 ninutes, In both cases the reactions were about 30% conpletad
in five aimutes and about F0% completed in 10 minutes. All compounds
tosted wore svaluated as substrotes relative to l~pethyleateclol aa one,
Values were deternired for both 5 and 10 minute incubation times.

Identigal relative values were obtained for both times., Table S sunmarisaes

theso results. It is apparent thst all catechols are substrates. Table

b has shown that all catechols are inhibitors. But a comparison of values
obtained for sozme compounds as inhibitors and as subsirates indicsates that
a good cubstrate 13 not necessarily o sood Anhibiter. A-nitrocsbechol
appeared o be the most potemt inkibitor of ithe estechols testud 2 et itlit
& peor substrale for the eneyme, Simdlarly, h-hydroxyoatechol is a batier
inhibitor then its substrate value would indisete., 4echlorocateshol is &
woaker inkibitor than Lhe above two, yot it 18 & sush better subetrate,

The substrate valuoa for A=wthyl and k-isopropylcatechol sre quite
close although the iaspropylestechol sppears to be a better inhibitor.
i=tartootyloatechol i very elose to b-iaopropﬁlutechol in its inkibitory
potancy, but 1s not as good & swbstrate. J-isopropyloatechol is & weaker

6L
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inhibitor than lleisoprepyleatechol and is = much poorer substrate, Thus,

with the alkyl catechols there is no olear relationship betueen substrate
valus and inhibitory potency,

although it is apparent that a poor substrate

.. . TN HIFSRRERON ) S ST POAYTY Tme TR SOp S B ey
B R S RS SR TR R R N
R EE St 4 Fiee

(4-tertoctyloatechol) san be & good inhibitor,
{ The methylation of purpurozallin and A4emethyldaphnetine shows that
{‘ éven double ring compounds can be substrates. Tho good substrate value

for lwmothyldaphnatine is quite surprising, although the nsture of the

ST

ring system is such that very little steric hindrance of the hydroxyls
would be expecteds Purpurogallin is a much better inhibAtor than its
substrate value would indicate., It is not surprising that it 4s a good

inhibit.or since it is composed of two potent CQiT inhibitors, tropolone
and pyrogallol.

It 15 apparent that catechol 1tself vas the best substrate of the
compounds tested, The cateéhol acids were also very good substrates.

This would indicate that the enzymo prefers a gubstrate vdth no suhstitution.

but if there 1s a substituent, a carbazyl group is preferred. Chain lenzth

appears to have little c«ffect on the ability of a oompoum to be a substrate,
Hence, Lwmethyl and b-isopropyloatechol are equivalant substrates.

Similarly, no difference is spparent bétwaan 3slmdihydroxybenzoie acid and

3s ledihydrozyphenylacetic acid, However, this may be true only within

Umits as Uetertoctyleateshol is not as good a substrate as Yemethyl and
H—iaopropy_lontechol;
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Tne positien of & bulky side chain does appear to be Important aa
3-1gopropyloatechol iz mot as gocd a sbebtrate ss L-fsopropyleatechol.
“he small amount of O-sgtiplation of 1,5-diisopropyleatechel indicates
that both the extent sad positien of bulky groups sre of importance in
determining whother s compound wiil be a gwod substrate.

since h~nitrocotecinl was the @ost potent inhibvitor tested and et
proved to be a peor substrate, it was desided to examine this inhibltlon
uaing kinetis technigues. Ab an S-Alie concentrstion of 5 x 10™hx,
velocities wore dstermined st concentrations of epinephrine of 1 x 10~4%,
2 x 1079, 3 x 1074 end 4 x 107%X in the presencs and absence of the
inndbitor by the fluorcscence mssay. 4s woll a@ the inhibltion obtained
in the presenes of A-nitrocatechol, the inhibition in the presence of
catechol was obtained for cozmparstive purposes, Figure 6 is 2 Lineweaver
and Burk plot of thia data, Velseity was csloulsted &as g metanephrine
produced per mimte of incubation. {

From the curves it can be seen that &-nitrocatechol behaves as o
potent non-competilive inhibitor whersss cateciol is a competitive
inkibiter, lnhibitor constants (K4 values) can be celeulaled from this
data (T3). Vor mon-competitive Snhibition the intercepis with the
vertical axdis give I/V and 1/Vp whare V and Vy are the maximam velocities

P
in the absence and presence of the inhibitor and:



o—O0 2.5x10"6M 4-nitrocatechol
o——0 1X10"%M catechol

Xx——X no inhibitor

: Lineweaver dand Burk plots of inhibition
by catechol and 4-nitrocatechol

Figure 6

1
\Y
1 ¥ ] i
— 1 =1 . 0 025 0.33 05 1.0
Km Kp . ;
1 -4
S X 10

71,
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where 1 is the coneentration of inhibitor used,

In the competitive gass the intersecticn of the lines with the
horizontal axis gives =1 4n the absence of inhibitor and =1 4n the

Kp

prosence of inhibition ani Ky = 4

-1

u:ﬂ H

From the data in Figure 6,Kkp for epinephrine was calculated to be
248 x 107™1 which agrees quito well with an estimate obtained undes
sinilar conditdons (36)., The Ky for A-nitrocatechol was calculated to
be 3,0 x 1076K inalosting thet this eompound is & rore potent inhibitor
than either UIMIA or the tropolones (36). & &g of 2,3 x 1T7%i vas
obtained for catechel, -

Catechol 1s an excellent substrate for the engyme as seen in Tadble

5. It is therefore % e expested that it would be bpunc at the substrate
site in a reversible manner and hence exiibit compwtitive inhibition, The

linewoaver and Burk plot shows that this expectation is indeesd what is
observed.

The case with benitrocatechol is mors cemplex, iven though it is a

poor substrate, the fast that (-metihylation occurs shows that At can be

’790
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bound to the substrate site. liowever, in non-cowpetitive inhibition the

substrate and the inhibltor are bound at different sites on the enzyme (74).

Since 4-nitrocatechol is both a subsirate and a non-competitive inhidbitor,
it appesrs thal 1t iz bound ab both =ites. The effegt of the nitro group
on the aeid diesosiation constaut of the phenclic group may explaein how
henitrucatschol may act ar both an inhdbitor and as & substrate. For
exuaple, phenol has a Ky of 1.3 x 10729 whareas A-nitrophenol has & kg of
6.5 = 1078 (75), due to & strong election withdrawing effest of the nitro
group. It is therefore possible st pH 8,0 to have a large proportion of
the hydraxyls of benitrocatechol dissocisted to form phenoxide ions,
Since cateshol with a K, of 3.3 x 107° 35 an oxcellent substrate at pi
8.0, it is reasonable Lo acsuwze that the enzyms requires the hydroxyl
foram for binding to the substrate site, Thus, the non fonic form of
4-nitrocatechol may be bound to the substrate site repulting in o small
amount of produst formation, Howewer, in preswnce of exnsss A‘agbstrau
(epinephrine) this compotition for the mubstrate site is of mo impertance.
The lonic Jorm, ou the other hand, may be bound at another sile on ihe

engyme, sud non-competitive inhlbition may result,
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Susrary of s reswlis of =p studiog.

41l the cateshols tested were both inmibitors and nuhatmt.ea.l
Caiechal proved to be the best subsirate of the Sonpounds tested
wherses L-citrocateciol was the best inhibdtor. Inhibition by esteahols,
therefore, appearsd to be dus not only to binding Yo the substrata tite,
since the best substrate was not the best inhibitor, The ran~eonpatitive
sharaster of the inhibition by h-nitrocateshol lends support to this idea,

Variation in the elestronic nature of the substitusnt at the four
position showed that both the ability of a compound to be a substrate
and ite inhibitory potency were affected by the elestronic nature of thia
subatitusnt, Singe catechol was the best substrate, it sppears Lhat
C-mt.hy).étion ie favoured by the lack of any electronic effects, The
inhivition obeerved in thw presence of s~nitrocatechol indlcstss that
#n elestron withirswing subatituant premotes inhibitinn,

Steric effects of gompounds in the four position appear to be of |
little isportance in determining either the extent of G-mathylation or
tze inhibitory potenoy. However, the presence of a Riiky group in the
Z-position decrensss both the extent of Oemebhylation and the inhibitory
potency, Thus, steric hindranse would appear to ocour only when & bulky
group is presant next to the hydroxyl groups.



ERPETReE A R EE 22 Ty S5 S0 ¥ b B e o ol 805 SO P BTt o T v AL R AR ﬁf
|

PR, g gacn

TR P i P S A AL A o - TR T W73 A Y a4 Wb phi A

A 3]
[ ]

Extent of 3- snd (~C~msthylation,
&) Position of jat of 3 .

it has been reported that both 3= and 4~O-pethylation of & variety

of cetechols neour in the preseance of rat liver CUT (32, 33). The extent
of U=aethylation in these positions was different with different esteshols,
It was found that A~O-msthylation was leas in vive than in vitre for all

compounds tested (J4). Mo satisfeotory explonstion of these results has
bean made,

Heperts on the position of C-mothylation of pyrogallol are
conflieting, It has boen olaimed that the prizery product of sngysatic
O-smthylation of pyrogallel is lepdreage2,3-dinethoxy bengzene (60).
However, saother report states thet O-methylatisn only oceursed at the 2
position (31). It shomld be notad that different preparstions of rat
idver engyme were used by the differont workers, ‘

Jince the pr;w‘mua @mperizents were all carried oul with quite erude
preparations, the posaibility remained that more than one sngyse with CONT
activity wos present, The examination of this posaibility wes considored
& prerecuisite Lo any attexpt to postulate & cwohanism of C-cmtiylation,

It was decided that evidence in this regmrd could be best echieved by
sxanination of the extent of O-meihylation in the presemse of orude and
jurified enzyme., 17 one cnzyne wus usponsiblé for both 3~ and A~O-methyle
ation, no change in the ratic of 3= to 4~O-methylstion should be noted on

75
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purificstion. Comversely, & change in tio retio wonld spnxtitute evidence
for mare than one COMT metivity.

Spkedinydroxyphenylalanine (DUPA) was chonen &p & oubsbtrate ss it
was balleved that this compound ond its Uwmotiylated produsts Jezethoxye
bhydroxyphenylalaning and Jehydrony-k-ietioxyphenylalanine could be
cvparated on & Becloman Modeld )20 B asino Ascid amsdymer. LUSA and Segit.honge
betyiroxypimnylalanine were soswercislly aveilahls, But Sehydroxy-i-methoxy-
phorglalaning had 10 bo wuthexised, This was donw by the sondensation
of hydentein with fsowvenillin to give S=igrirory-hssthoxybanzallyduntoln
(75). TMWMWMMWWMW%@%MW
kmsthcxybensylhydantain, vidch wies then lydrolyzed to give Jelydroxyeds
methoryphenylalonine (77), The infra~red spootsm of both interssdistes
and of the fingl produst wére Sdentioal witl tiw reported spectrs of Lhsze
compounde (76), The inlreered opestrum of the finsl produst had pesks at
3360, 3130, 600, 2040, 1632, 1551, 157 sod 1509 ow™ which corresponds
wantly Lo the reported apectium of Je-hydroxy-draetioxyphonylalening,

Thin layer shremstogrephy of the final produst on oellwless wuaing
sither formixz or tutenol, avetds seid, watar (60515:25) as solvent phowed
the compound to be chromatogrphically rare, Only one anot was ouserved
and 16 s both ultre~violst sbenrding and ninkgurin pogitive., In both
mlvents it migrated ldentically o0 Whe commercinl J-spthoxyeh-hyiraxy«
pherylslanine, It was therefores conclicied that this sospound was the
denired smrgduct,

76,
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Concentrations of 1 uM/ml of DOPA and 3-methoxyslehydraxyphenylalanine,
and a concentration of 0,5 pM/ul of 3=hydroxyelbenethoxyphenylalanine were
used to determine the Amino Acid Analyzer Constants. Usiﬁg the standard
column equilibrated with buffer at PH 3,28 and eluting with buffer at pH
Uy 25 gave olution times of 80 minutes, 95 mimites and 104 mimtes for PCPA,
}mathoxy-la-hydroxyphwyhhnim. and 3uhydroryelmmethoxyphenylalanine
respectively, Constants were calculated using the formula C= i x H
where C is tho constant, ¥ is the width of the pesk corresponii:g to the
corpound, H 18 its height, and ¢ is the concentration in R moles of compound
applied to the column. Valuss of C for DOPA, Zwmethoxye!whydraxyphenylalanine
and 3ehydroxy-lenpethoxyphenylelonine wepe foun? to be 1045, 20,4 and 20,6
regpectively. From thess values unknown concentrations can be caleulated

from the produst of ¥ and H,

Exporiments to determine the position of Gemethylation of NOPA
utilized an incubation mixture in which TOFA was dissolved to sz final
eoncentration of 4 x 10"35 in ¢ nixtuve of 0,4 =] of 045 phosphzte buffer,
PH 8.0, 0.2 ml of 0,14 ¥gllp, ond 0.k ml of 2,5 % 10=7H Sel¥e, Blanks of
three types wore useds In some cases water wvas added instead of S=tlip, In
other cases no substrate was added, ‘nd some blanks wers prepared by stope
ping the rezction imediately after the addition of enzymo, Lither the
supernatant or the Paf0 eluate wag used 25 the source of the engyric.
Incub:tions were carried out at 37° end were storped by the addition of
100 wr of salfosalicylic aecid, Then the tubes were centrifuged, and the
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supernatant was filtered and 1 ml of the filtrate was applied to the
Analyser colurn equilibrated with buffer at pii 3,28, Elution was carried

out using buffe~ of pH 4,25,

Fxperiments with the supcrnatant fraction presented a2 problem since
it was apmerent from the chromatogrems that the oreparation was highly
contaminated with awino acidse Vhen blanks were prepured by stopping the
resctlon limodlately asfdter the addition of engyme, peaks were appavent
having the samo elution times as the productss Yhether methyl donor was

present or absent had no effect on these peaks.

By rmnning stand;rds it was found that the elution time of Jemethoxye
hohydroxyphenylalenine was only 2 mimutes different from that of tyrosine. )
Similarly 3-hydroxyelemethoxyphenylalanine had an slution time very close ‘
to that of pherylalanines .Therefore; the nresence of other amino aclds
eould czcecomt for the peaks observed at the elution times of the products

after zero tine of incubation and their presence would therefore interfere

with attempted measurements of product formations

In order to rid the preparation of free amino acids the supérnatant
wes lyophilizeds The lyopghilizete was dissélVfd in wvater to & concontration
of 200 mg/ml and pasced through a colunm of G=25 Sephadex. The first
protein fractlions were collected and used ag the ensyme proparations
Chromatograms of 1n§ubations carried out with thig preparation ghowed

that the amount of free acino seids had been considersbly decreased, but

78,



that ocontaminztion still was prosent. Thaso posks due to neithor sabstrate
for product inereased vith incressing timr of inculetion indieating thas
the preparation cantained some systsm sapable of hydrolyzing protein.
Therafore; with this preparation tho produst pesks had to be corrected

for Tesponse due to tyrcuine and phenylalanine.

Fhen P50 eluate was used as the anyyme preparation, these probleas
wers not sacountered. Blaniks showed no peaks st the elution timxs of the
engyns products,

Figure 7 shows pertinent regions from chresmiograms of one hour

incubations weing ooth entyme preparations, In this case blanks were -

prepared by the omissien of DOPA, It is apparent from the figure that 4n
both caaés the largeet produst by far vas 3-mthox;r-4.-m'c‘;mxpphcnylahmim.
The arount of }zwdraxp'mmmhewlm forzed in the prosencs of
either engyme prepuration was very small. This, together with the pealks
in the blank in the reglon of product peaks when the aupemat;az'xt was usod,
made a quanutati#e assassaant of the relutivs mmounts from thdes sort of

data wery diffioult,

Uelng 4 s0lib stream on $he Amino tadd fnalyaer, it is aocaible o
divide the offluent from the soliumnae irte two frastions. Uns fraotion of
the affluent is reactad with ninhydrin and the solour is resd and regorded
viile s.mti;:er fractisn iz passed direotly into a fzeotion collsetor, It

vag dezided to use Lhis devies and to use S—arpesetipl S ng the wethyl

79
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doners By counting the radio-sotivity in the seaks corresponding to
products, it was hoped that a quantitative assessment of the relative
quantities in emch peak would be cbtained,

Inoubation mixtures were identical to thuse previously used exoapt
that Geile-methyl CM4 diluted with carrier S-itie was used as the methyl
tonor. Frastions were collected every two ainutes using a fraction
colleator, 0.5 =l aliquots of the fractions were plased in ecintillation
viale containing 10 mls of & seintillation mixture consisting of O.4% PO
in 50% toluene and 505 ethanol and counted for two minutes.

It has been found that in the split stream operation & peak passes
through the frastion collector 12 minutes before its presense ins shown on
the recorder. This is bocsuse the mardi.ng of psaks resmuires ithat tho
effluent raist puss through much additional tubing. Thus, radionctive
pesks correspondiing to the two products were maddmal in the two minute
frections from 82 to 84 minutes and 90 to 92 mirmtes, When the super-
natant was used as the source of the ensyzs the radioactivity in the seccad
pesk was 6% of that in the first peak. WKhen the =60 eluste was used as
the amirce of the ensyne e raddosstivity in the second peak ms 5% of
that in the first peak, UCPA 45 therefors about 955 3-O-mathylated in
vitro and it doss nol appesr that thic percentage is chenged by purifying
the ennym.
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b) iosition of U-methylstion of J,4~dilydrexyeirmamie soid.

3ince DOPA was Le-O-gmethylated to such & small extent, it was declded

to examine the Q-methylation of snother compound with the two onnyme
preparetions, 3,4k~dihydrosxgeinnesde scid (calffeic noid) hud ween reported
1> be D-sstiylated in both the 3 and & positions, giving ferulle acid and
isofsrulis seid respectively, by rat liver slicea (32). However, ihs
separation of products was not wery good and no guantitative sstimation
of the relative amounts of 3= and LrO-wsthylation wes sttospled,

Thin layer chromstography on pelyamide which separates comsunds on
ihe basis of reversibls hydrogzen bond formation has been reported to be of
vulue in the separation of isomeric phenols (78). It was tharefore
deaided to sxamine whether this support could bde uned to separate ferulic
scid and isoferulic acid,

folyasdide for thin-layor ehromatozsaphy was purchased from Aluphsrm
Chetadcals, an elustropise series of colvents irncreasing in elutive ;aowai'
was examined. In order of increasing eluticn power those were watar,
ethanol, methancl, acetons, and sodium hydroxide solution, Uf these,
acatone gave the best separation of fernliec end Aisoferulie acid. In tnds
solvent ferulic acid had an Re of 0,54 and looferulic sold had an Rp of
O.k3. Spots could ba loosted either by spraying with tebrezotized
benzidine or by cbservation under UV light, Ferulic acid was coloursd
brown by tetragotised benzmidine and appesred blue under Uy light. Iso-
ferulie scid was eoloured red by the spray and appeasred whibte urder UV lighth,
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The fellowing procedure was adoptod to examine the position of
O~rathylation in the presence of the engyme preparations. Caffeic wid
was added in 0.2 ml of aleohol to & final cencentration of 3 x 1073u

to a mixture of 0.2 ml of Q.1 1gCly, Ok ml of C.54 of phosphate tuffer,
pit 8,0, and Ouk ml of 2,5 x 107H Swilie (S-Ate-methyl-Clh), ilanke were
prepared by the onission of aaffeic acid, 042 ml of alecohwl being added

instead. Neactions were initlated by the addition of weighed aumcunta of
lyophilized enryme preparetions and stopped by the addition of 1 ml of 105
sulphooalicylic =old, The stopped reactions were filtered and the filtrute
was extracted thrwe timns with five mi portivne of stiglacetats, The
pooled extrects were washed once with water and then eveporated to dryuess
wnder vacuum, The residue wuas dlasolved in 0.2 Kl of etlyl sceiate and 3

mi were applied o the chrasmmtograns,

dince chromatography on tlidn layers of polysmice romlta‘m spots
that are quite diffuse, chromatograms were run in two directions, the
solvent boing allowed to migrute 15 cms from the origin in both directienn,
Figure 8 reprepents ike procedure, It con be seen that thes two directional
run results in a clear separation of ferulic acid and isoforulie ncid.

in oxder to determine the swount of radisactivity in the two engymatiec
products, the spots were located and marked under W light. The chromata-~
gram was apx:agud lightly with water to make the layer more mattod and thus
casier to scrapa, and was then divided inte ci? sections and soraped.
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Toe sorapingn were placed in vials containing 9.5 ml. of a
scinpillation sdxture consisting of Oubs 70 dissolved in 50% ethanol,
505 toluens and counted for 2 minutes, The areas correspending to the
products contained by far the largest amount of radioaot.ivitg, slthough
£oms count.;. were locatod betwesn the spots. “Whon Llarks were potted,
2 standard =ixture of forulle and isoferulic acids wes epotted 2t the
sbme location and after development the regions corresponding to thase
compounda were soraped and counted. Ko radionctivity was loosted in

these regions,

¥hen the supsrnstent was used az the source of Llw enzymse, it was
found that isoferulic aeid accounted for 28X of the radlosctivity of the
products and ferulic acid accounted for 72%5. This result is the aversge
of thres separats Incubstions and chromatograms in which tLhe percentege
of the redicactivity in the mob corresponding to imoforulic acid wes 28%,
255 and 325, Incubations were carried out for 30 minutes and 3 Fl of the
redisgolved residus of the ethyl acstate extracts were spotted,

The resulta obtained under identical conditlons when /=60 elusie was
used az the source cf engyme showed that lscferulic agid ascounted for 243,
325 and 205 of the rediosctivity in lhvee ssparste experiments, ihe average
valus of t;hf:, parcmmée of produst radioactivily due to icoferulic soid
wap thoruefore 307 and that due to ferullc acid was 705 when P-60 eluaste was

used.



3 . Sinse the extent of O-methylation in a particulsr position is mot
altered by purifying COMT about forty fold whem either DOPA or caffeis
aoid was used as substrate, it is highly unlikely that Oesmethylation in
the & position 45 catalysed by a different ensyme than the ensyms whiaeh
Oemathylstes in the 3 position, It therefors appears that CUHL is
capable of Cemsthylating satechols in either the 3 or 4 position,

In sgresment with other reports (32, 33) it has been found thet Lhe
mature of the side chain deternines itihe sxtent of O-methylaticn in each
position, lHowaver, the suggestion that increasing A-Ce-methylation remults
from inoressing the ehain lungth of the side shain (32) is not supported
by thepe experiments, lach more k-o-@t.hvhmn was observed when caffeic
| asid was used as substrate than when DOPA was used as substrete, Since
l the ohain length of these compounds is the same, it appears that the
noture of the sids chain is much more important than its length in
determining the extent of L-O-methylation.
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Lhe Ixamination of the nechanismm of the CONT ea reaction.

Kany enuyms catalyzed transfer reactions are thouglt to involve
transfer of tie lsbile group from the donor moleouls to the ensyme price
to tranafer to the acceptor (83). This type of mechanism msy be represent-
ed as followsi-
(b =B4E = 4 #B =5

DeB-n)m Bab+k)

In terns of the Gl catalyzed reaction a aschanism of this sord
nay be formmlaled ze:

1) SwiMe + E @ 5 & E=lg
2) - ¢ C ® S ais =G

uhere S-ilie 13 the methyl donor, b-adenosylmethdonine; S is its dewsthyl-
ated produst, S-ulsnosylhomocystelns, E ls the engyme; C is a oatechol;
and He~l is an O-msthylated catesivl. If isutops exchenge wors cbosrved
batwean -kt and 5 in the absonce of a catechol, it would comstitute |
strong evidence for reaction 1 snd therefere indisate that the mm.nim
involving the methylated ensyme es an intermediante vwas correct.

Isctope exchange in the presence of the enzyme would be demonstrated
if by the incubstion of redisactive adempsyllonocysteine in the presenoce
of cold m;aosylmthionim » radioagtive sdsnosylmethionine were forwsed,
ixpariments to examine tihds possibility were tharefore initiated.



Adenosylhompoysteine (S) was prepared from adsnosine and Wum
using homooysteine condensing enxzyme from rat liver (&), iat liver was
homogenised in & Waring Blendor at 2 meximm spsed for 35 seconds. The
losogenates were stored at -20°C until used. The incubation mixture
consisted of 1.5 m molos of adennsines, 6.0 n moles of Ulmhowooysteine
(free base), and 1.0 m mole of phosphste buffer pH 6.5 in o woluw of 100
l ml (85). The flask comtaining this mixture was flushed with nitrogen for
10 nimates to produse anasrobic comiltions. 5§ =l: of the snsyns ;reper-
ation was then added and the flask was ssaled. Incubation was carried out
Ior 3 urs. ab 3T°G, 0,025 ml of thicdlglycol was then added and the
mixture was plagsed in boiling water for 5 mimutes, After coolinmg in an
ioe bath, ihe precipitate was rexoved by centrifugatien at $000 x g for
20 zinutes. |

Furificstion of the product was attespted on eolumns of Lowex l-
HGUj at room tempereture. It had been reporied thst pure & eould be

TR S T B TR

piepared by the use of thie type of colusn: and thet an Jjon exchanger
sould be used to separste cusntitatively S end SwAtie (86), Dowex 1-mo§
colurns were prepared by washing the colwms with an amount of Ail HaCl
squal t0 15 tixes the colum volume, The columns were then washed with
0.5M HaHCOg untdl the eluate was fres of chloride (no precipitste with

Ag KO3)e

100 ml - ef the deprotelnised incubution réxture was applied to &
colamn & em X § ca and 15 ml fracticns were collected, Klutlon was corried

TSRS AT B
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out using distilled wmbter until the 0.0.260 of the oluate decreased to
G.ls This took sbout 3 liters of water, 500 mls of 0,0LK HaCl was passed
through the column and the O.f.pgp of the eluate decreased below 0.05.
0.10M HaCl was then ussd to elnste the compound, After about 1 liter of
0,104 Hall had been passed through the column, the C.U.p4q of the eluate
inoreazed o greater than 2,0. 211 the fractions with an O.lepgn of
freator then 1.0 were pooled. The consentration of S present was calculated
using & value of E.cq of 15,400. To the pooled eluate 1l.25 mi of
concentrated £i2:;ch per liter was added and tiw 5 was procipitaled usling

1 al of 205 phospletungstic acid per ’me of product, after leaving the
mixture in the cold overndght most of the supernntant vwas renoved by de-
cantation. The remaining smound wer rauoved by centrifuging et 1500 riwm
for 10 minutes, The precipitate was washed once with 10 volumes of jce

cold water.

Urganie solvents have besn ussd to Jdecomposs thae p%mﬁﬁtmgsmw
(25, 26, 87)e It was recommended that the phosphotungststs preeipitate .
from the fowex 1-i0CY coluwns be dissolysd in & 3:l wixture of acetons and
1N HpiQ, and then ertracted with 4 wolumes of 2 l:l mixture of lsoasyl
alsohol and ether (86). Yhen this precedure was attempted no separation
of the mixture into an organie phase and an aquscus phese cccurred after
proljonged cmt.rimaat;icn. It was therefore decided to adopt sn cerlier
procedure in which the plosphotungstate was dissolved in a 1:1 mixture of
acetone snd M HpbO, (87) end extracied 23 before. In this case tiw layers
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ware easily scparated by sentrifugation. The upper oerganis phase was
discorded. The extraghion wos repeated 4 x with 2 volumss of the organie
solwent, discarding the organic phase eash time. fraces of isosyl alechol
mwmmmmwfmmmﬂthkwlmoof
ethsy, Treces of etler were removed by a stream of nitrogen, The
solntion was peutralised using a freshly prepared saturated polution of
barina carbonats, The presipitste of berium sulfate which formed wes
rezoved by centrifugstion. The supernztont was then expected to contadn
the purified eompound.

Ghromatogrephy of the supernatent on a thin-layer of cellulone with
& solvent consisting of n-butenol: acetis aclds wator (60115525} revesled
only ons minkydrin positive, UV absorbing spot. Thie apot had an il of Oe35¢

lio standard sompound was available so it was impossible to demonstrate
muummwmmmmw. it was
thoughtt thet indirest evidence would ba obtained from the offest of the
Wmmmuwmhumofch &nusna.m&wt
dmnmm,ituommmmmswhanmmumpmunttm
C~mothylation of CP would be inldbited, Nelther adencsine, nor homo-
cysteine alone or tagether inhibited COKIT, Hor d4d the homocysteine
condensing ensyss proparation from rat liver. However, the deproteinised
mmtmémmmmwumuSWmmmmma
potest inhibitor. iihen O ml of this solution was sdded to en ingubation
sdxture oontaining G mk of 2.5 X 10°3H S-iMe, 0.2 ml of Hglly, C.6 ml
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of 5.7 x 107bi5 OF 4n 0.5 # phogpbate buffer, pi 8,0, and Oub ml of the
Pwfl sluste COHT preparation, about 853 Anhibition was obgerwved as
compared to an identical preparation in which water was sdded instesd of
the 5 conteining solution. It therefors appeared that 3 wase capable of
inhibiting the O-mwthylation of CP,

¥hen the 5 preperstion whigh had been purified by passage through
ml-mogmmmummmurazcmnmfmmmm-

‘Do inhibitory properties. This indicated that the purified compound was

oither a produst formed by the ensymatis synthesis that wes dewoid of
inhibitory ability, the obssrved inhibition by the unpurified preparation
belng due to ancther compound, or thet in the purification procedure scwe
chenicel mdification ocourred mking the compound insctive as an inhibitor,

Chromatogreply of the deproteinised incubstion mixture in butamol,
asetic aaldd, water revealed that only one UV absorbing, ninkydrin positive
spot was present. This ccourred at Rp O.42, Thus, this compound 44d not
heve the same Lipr as the UV abrorting, ninkgedrin spot obsorved after
purificaticn by paseage through Dowsx 1-HI(G. It therefore sppsared that
passage through the ion exshanger chemiscally modificd the emymatic product,
It was therefors declded to use amother ion exchange precedure to purify
the enmynatically formed S. It had besn found that S could be purified
on Dewex 50" (85). If 0.25 ml of thisdiglyeol per liter was added to
the eluting solutions and if the colum was run in the cold room, it was
found that oxidation of 3 was prevented,
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Subseguent atienpbs to purify 3, thercfore, were carried out under
hess coniitions. 4 5 cm x 10 oa colsm of Uowex 5C-i was used, 100
K- 61" ihe deproteinized preparution was applied to the coluxa., lution
was carvied oul using 1 52‘33;, until the 0.35.260 of the effiuent decressad
to 0,025, Tnis reuired b iiters of 1N H,50 . 1 liter of 3 K30, was
then applicd to raxove traces of adenine. £ was eluted using 3 liters of
His iigsuh. The first ilter of &H Hggso,’ eluste was dlscarded. The secend
and third liters wers pooled and treated with phosphotungstete and organie
nolvents &s before. Ihe purified corpounsi was chromalogrsphed, On
chromatogrephy one UV absorbing, ninhydrin positive apot was observed.
The Ke of the spot, (41, was the same as that cbeerved for the UV sbsorb-
Ang, ninhyarin positive spot of the doproteiniged incubatlon mixture.
The solution of the purified scmpound A&lm proved %o be capable of
inhibiling . it was therefore woncluded that by uzing o celum ol
sowux 50-it, o purdiied preparatien of U could be cbialned. Tha elaim
that pure & could be cbbained by psssage of the ineubatlon xixture through
bowex 1= (86) appears bo be falso. This trestzent resulie in vhe
formetion of & product of & whish has & lower ig than o, wad valeh Jdoes
ot poseess any LoMT inkdbitory ability, Thls product mey be formed by
sha oxidation of w. bven if oxidetion oscurs, the ability of 2 column
to separdie L-iile and S would bs of uze in tbo detestion of Lzotope
exchange. .1?. wes therefore desided to mntlosize raddoactive v Qo &
tids 1040 of adenonine-3-Cl4 was added to the incubation smixture. %he
5 formed was puritied by passage through Soweor 50wt

. 35,
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Incubation mixtures consisting of the following were prepared:
O ml of Oui B @12

Ge2 nl of 0.5 ¥ phosphote buffer pi 8,0

0.8 Bl of 2,5 x 1072 Swiie

1.0 ml of CURT (P~60 eluate), or water for tie blank

0.8 nl of 1.7 x 10" S (made in the presence of 104 & of sdenosine-
¥ 8-Cli)

ihe sampls and the blank were preinsubated for 3 mizutes before the
sddition of S, thea inoubated a further 20 mirmtes at 370, At the end
of this tima both preparetions were plased on idsntical 1 x 10 em columns
of Dowex 50-bd, This form of ion exchanger had besn shown to be of use in
the separation of 5 and S-ilie (86). S is eluted by 0.1 N Kall whereas
Sehtie i3 not. In order to slute Lhis ccmpound 6X B,50, must be used.
Accordingly, 0.1 ¥ Hall was used to elute the 5 from the colwms, 10 ml
fractions were eollectad. 0.5 nl alicuots from these frootions were
pmnammhmwmmg%smorauzm{uao:
elisnol and toluene whish contained 0.4% PPO, The wials were then cmud
for 1 minute, Elnthnotthoeelmnuith&lﬂﬁaﬁlmdwodamm
astive psaks in both evlummas which declined from about 5000 counte per
minute in the firet tube to about 100 counts per minute by tube 8, &YX
Ha80, was then used to elute the remainder of the astivity cn the oolumn,
Rra&m;w%ﬁdmremmmuwShmpnmot
mem,&m&ofmdﬁmtiﬁtywﬂdhwmthoéﬁﬂz&)&
sluate of the column to whish the complete system had boen zdded. Mo such

93.
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peaic would be «xpootod in the bDlunk., The cmednation of the &I HaSt,
eluate of both the complete syste: and the blank showed that in both
casss no oignificant avcunt of redioactirvity was eluted, It therefore
zppsaped that Lsotopo axchange dosa not osour In the LT eatalysed
raaction. - In view of this 1t wos unlikely that & methylated engyue 1o

formed as an intermediaste.

Attonpts to demonctrate a methyluted ensyms intermsdiate in other
tranasethylation reactions have jroved unsuccessful. For thetin - homo~
cysteine methylpherars, the evidgnce s strongly sgainst this mechandea
(57). luotops oxchange could not be desonstrated, nor could & methrlabed

protein intersedisate be isolsted.

Incubation of P-sdonosylhemosysteins in the pressace of S-ike and
histardne T-methyliransforaes showe! that no label wes Incorporated into
the U-t¥e (58). It waz eoncluded that the metiyl group transfer from

Sei M Lo hintmine‘ sacurred without a methylated enzyme ae an intermsdiste,

It therefore appears that UOHT, like other methyltransferases,
catalyess the transfer of the methyl group directly from the donor,
Seiile, %0 the acceptor moleculs,

‘94 .
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. uwmmuuzmmumamuuSum
mmmnwrmmuammmmmum.u
m“ﬂlmn&hmtmhumtmum&htucw. if the
methylation resction is writteu:

EeSuilis ® Ledin « 8
uuom-tmmm.crammummmm
mwa»mmmbmomummmumrm. Since
ibmﬁihmmhthnﬂnmmormmmmmtu
WWWMW,ummxmmmwmm
this regaxd would be of valus,

In tho absence of a catechol it i» roascnable (o expest CUKT and
S-ile to resct in one of the Iollowdng waye:
l) Ewluile 8 Guig o 5
2) B & Beilis ® E-Geilp

1f ons of thess conplaxes were formed and if it were suffisiemtly
stable to resist breakiown in the oold, tisn Anoubation of the ensyme in
the presenge of ihiie (~ilie-methyl-Cl4) with no cetechol preeent and
mmotuummwﬂmmthwhanlmorwwsmm
vold should result in the fsolation of redicactivity incorporsted into
the protein frastion. To determine whether iabel oould bs incorporated

into the protein, 1.5 ml cf CONT (P60 eluate eonteining about 4 mg
mum)mummmpmo:o.luxgclz, 0u3 wl of 0,5 B

95.
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phosphate butfer, pH 8.0, and 0.6 Al of 2,5 x 10”7 Seilie (S=ilowmethyle
¢18) for 10 drmtes. & blask was prepared by the substitutdon of & 1.5

ml of wster for the P=60 sluste. Foth preparations were pessed through
2,5 x 20 ¢ columns of GeZ5 Lephadsx using 0.01d phosphate buffer, pt 8.0,
to eluts, " 3 wl fractions ware eolieoted. 0,5 mi aliguots from tie
freotions were added to seintillation vials containing 9,5 mls of O.4%

FFO in a 11l solution of ethanol and tolueno, Vials were sounted for two
mimutes, In Lhe case of ths incubated eanyns preparation, e radiosstive
peak was found assosisbted with the ensyme in the eluats. ilthough the
muﬂtyhtmm“sonlynmnmtmmﬁwtm«wmt )
mmmmmmmmwmmwlmnumwrmmuy'
above the background to indicate that the methyl donor wes in some way
bosoming assoaisted with the onzyme, iatbnutorbhnknomtiw
posk was eluted by the sume volume.

MWMMVM&M:MWO!WWIW_
with the ensyme was opecifis, the experiment wes garried and using & ng
of bovine zerum albumin instead of the COMT preperstion. In this case &
radioastive peak assosiated with the pretein pesk slso was observed. bhen
& porédon of the F=50 eluate having no GOKT aetivity was incubated, radio-
activity again becans sssoolated with thw protedm. Ib therefore appesars
that non-specifie assseistion of sealis with protein ocours. How this may
be ascomplished camnot be surnized at this time, but the fzct that it doss
occur mash be considered in any studies of this sort. 7The label appears



to be quite strongly zssocistod with the protein as the supernatant after
treatment of the proteinebound rad:osotivity fraciion wAth sulfos:lioylic
scld contalned no radiosctivity,

These firdings, i+ should bo noted, do not agree with vrororis of
speoific binding of S./le by methionie aotivating enzyme (£8,89), I
wag claimod that when mothionine activating cnzyme from bakers yeast was
incubated in the presenéo of S..,‘\}ie-methyl-.cll‘ that radioactivity remained
agsociate? with the prot-in after passage through G.25 Sephadex, Such sn
effect mas not observed when bovine serum zlbumin, ovalbumin, znd pepsin

mere ucode

It is vory dAffionlt to reconcile these findings wAth those observed
whon the binding of Swfifc to COMT wae oxamined. It hes boen peported
rocently that an engyne systen from mouse tumour is c:pable of transferring
the methyl group of SeA¥e to ovalbumin (90)s lowever, this mﬁort gheds
1ittle lizht on the contradictory findings on the binding of SeiMe to
protein, »s it i3 unlikely that methyleting enzym~ would be present in

one prepsrstion and not in snother.

& similar experiment was done with epinephrim-cl i*. Again on
passage through Ge25 Sephadex it was found that counts were assoclated
with the protein reaks when either a CONT proparation ar altumin sore
useds It theyefors appsars that in the czse of opinephrine, t00, a

certain amount of nonespecifie binding to protein occurs, This binding
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th:ln Wy, exhibils o spesificity for COMT, the value of such methods
mmmmutmm.uwtm,mmofmo

binding to blanks no more attespte o isolate intermedistes were sade,
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v DISCUS IO R CORCLISTOUS

The understunding of sn enzyme cstalyzed reaction rejulres a
kmwlx::dge of the structure of ths transition state 2nd the nature of the
intermedintes of the reaction. in order for this imowlndge to Le otbtalined
the following objentives must be achieved (91) 1 (1) tho pathwsy for the
enzyme catalyged reazction must te elucidated; (2) the amino acids involwved
in bond breaking and bordl making reactions must be identifled; (3) the
errangement of these amino acids in apece must be determined; am? (4) the
volocity of the enzgyme rozetion must be expleined by assigaing epecific

catalytio roles to tho grouns involveds

Two proroaches to the study of the nsthwoy £ the en:uyre catalyzed
reaction :zra nosaibles & kinetle apprq:scﬁ esn give informstion conceraing
the semence of the reastion. “lthough different pathways lsad to
different kinctic esuations, 4t is dAifficult to deteriine reaction
somences unequivoeally by kinetis studies alone, for sevorsl differvent,
patierns may lezd o Mineties whieh cennot resdily be distinguished (92, ‘
Therefore a necond zporosch consisting of the isolation of intermediste:

of the reaction is nsccenary in order to elucidate the nothuaye

A nure onzyme nreparation is not necessery for useful kinetic
gtudies, but unembiguous results regarding the nsture of the active
centor con only te obtsined witi sush n preparatione Therelore, 2
nccessary nrerequisite to the understanding of an enzyme catalyzed

ronction in the nrensrstion of pure enzyne.

9
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The puri:iication of sn enzyme is greatly faoilitsled Ly the
evailability of a good zource of the onsyme and of a good assay for
engyme sotivity, Yhen the foregoing work on ostechol Cemethyltrange
ferase catalyzed reaction was initiated only thirty fold purification
of the snzyme had been reperted (2). Tha fallurs to purify the encyme
further may be ettributed in part to the lack of a repid, convenient
asegay for engyme activity, The assay procedures which were avzilable
consisted ofy (a) 2 flourcretrie estimetion of metancphrine formed
Irom the engymatic Ce-methylation of epinephrine (2)3 (b) the
estimetion of motsnenhrinesl? forned from epimplndne-nS {(93): and (o)
the estination of rudicactive vonillic seid formed from Seadenosylele
methionine-mothyl ¥ amd 3, lmddhydroxybenzoda zcid (94), A1l of these
tochnigues recuire ovtrgetion an'! subssquent manipulation, It was
therafore decided that 2 gearch for a @ro convenicent asssy would be of
value, 't vas found that the ugs of the aclidebase indicator nyroe
catacholphthalein as a substrate for the enzyme provided sush an
sssaye “hercss pyrocziecholchthaledn could not be color-d by basie
borate »uffer colution, Lts Gumethylsted derivative gualczcolphthalein
oxhibited 2 blus color in this solution. The incubestlion of pyrocatechols
phthelein 4n the ~rescnse of Mg'™',Smadenosylelemethionine, snd a
catochol Gemethyltransferace proparation from rat liver resulted in
the formation of guaiscolphthalein, The gusiecolphthalein so formed
produced e blus color when bLasic borete buffer wes added to the
incubated mixturc, The sbsorbance due to this célor at its absorbance
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maximum of 595 mp was found to inecrease in a lincsr faghion with both
quantity of ensymo and time of incubation when pyrocatecholphthalein
wag incubated as described,

- The use of pyrocstecholphthalein as & substrate provided a repid
quantitative estimetion of onzyme activity :hich was therofore
suitabld for zpplication to purification studies.

Conditions for the application of the techniques of gol filtration
snd ion exchange chromatagraphy on substituted celluloses to the
purification of the enzyme were examined, BiowGel P60, & polyacrylermide
gel with on exclusion limit of 60,000, was found to reterd the enzyme.
ihon an enzyme frection preeipitated between 0 end 50% saturstion by
sr@ondum sulfote 'was paesed theough a column of Dlo-Gel P60, the
snzyme was retained relative to most of the protein, Hlost of the
applied sotivity w=s recovered and the ﬁcovere& aatiﬂty had a specific
activity sbout eight times 5ighr-r then the applied cngyme prevuration,
This degree of pu-ification on oelel P.80 indlcates thst eatechol
Oumethyltransforaso has = low molecular welght relative to md‘af. of
the prot ing in crude presarations from rat liver,

Further purificstion wes obtsined nsing diethylemincethyl cellulose e
*hen the cneyms was applied to & column of this adsorbent in 0,014
phosphate buffer, vH £,0, the activity wes rotained on the celumn, The
aotivity could be eluted by 0,064 phosphate buffer ,pH £.0. The passage
of en encyme pmparaﬁon which hed bsen passoed through a BlowGel P=80
eolwnn through such a columm resulted in a further four fold purification
of the enzyme. Howsver, approximately one half of the activity placed
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on such a2 colum: was lost and the oluted enzyme proved to be very
unstable. The overall purification obtatned was approximately two undred
fold. The instability of the purified ensyme prevented further attempts
at purificaticns The reasons for the loss of aotivity which sccured
on passage through the fen exchanger and the instability of the resulting
eluate ere not known, Possibly the chargem on the exchanger cause some
irreversable structural change in the enzyme or eoither necoessgary
protecting proteins or cofactors cre seperated from the engyme,
Although the objective of a purified enmyme was not reached, it
w8 decided that useful information pertaining to the engzyme catalysed
resction could still be obteined, To this end oxreriments designed to
charscterige the enzyve by an examination of its physical propertics
and an exploration of the pathuay of the reaction it .catnlyzed wore
carried out, '
The eleatrophoretic mobility of the enzyme on polyacrylgmide gel
“a8 examined using & modificction of the method of Urnstein snd levig (95,
Vhen an enzyme preparation uidoh hed beon purified by passage through
lomGel P=fD vas subjected to electrophoresis two activity bands, as
measured ty a modification of ‘he pyrocatecholphthalein assay, and at
least thirteen nrotein bands were locsteds Only eight protein bands were
located in the tuo hundrod fold purified preparation an again there
were two af:tivity Ws. The mltiple protein bands indio: ted that
the enzyne .preparation of highest specifie activity still contained
contaminating proteins, The :ctivity bands migrated farthes than the

majority of the nrotein bands, The senaration achieved by polyacrylamide
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gel electrophoresis is on the basis of both charge and moleculsr sizee

Since the nrotein prepar:tions placed cn the rols were quite uniform

e

with respect to noleculsr size, having been resolved on BlowGel P-€0,

S

3 the grector mipration of the enzymo ss compared to that of most of the
other nroeins in the preperation may indicate thot at the running »H
of the gcls (pH 9¢5) tho encyme may have a large net negative charpe.
The reason for the two activity bands 1= unknown. The existencs of
isogymes 1s possible, but 1t also ‘s nossible that some alterstion in

the engyze occurs on purification giving tuo eleotrophoretically

e LR b B T LA A A st
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distinet cetalytic spesicses The rmzber of bands in crude preparations
céuld not be aseortained ag the enzyme assay procodure wes not sensitive
enough to detort the maximm amrmt of activity which could be
applieds Only three milligrams of -rotein could be rosolved on the
polyacrylomide gel colusms and in cm&e preparations this smeunt of
protoin does not give enough activity to be detected by the asgsy.

« The moleoular welsit of catechol Gemoethyltrensferase wag
estimated by gel £iltration on Sephadéx G=100 to te 29,000, The
validity of this figure derends on the sssumption that no sdsorption
occurs, and that the molecular weisht of the enzyme bears a tyriesl
relationshilp to the cube of its radius (80). That no edsorption
ocours cannot be sald with certainty. Homver; the behavior of the
angyme on HowGoel Pe60 i8 compatible w»ith the molecular weight

determined on Sephadex Ge100. The cases in vhich adsorption has been
. observed have been with engymes which have carbohyderate substrates.

It is highly unlikely that catechol Oemethyltransferase binds
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carbohydrateg., For these reasons it is roasonable to assuue that tho
enzyme 4s not edsorbed on Sevhadex G.100. The assusption that the
enzyme is a protein of 'typieal' chape cazn only be shosm o b~ valid
by a comparison of the value obtained for the moleoular welght by gel
filtration with vilues cbtained by physicoechomdcsl technigues, Sineco
sericus discrepancies botween the moloocular weight as determined by the
behavior of proteins on Sephadex Gwl00 and velues determined by
physico~chemical means are rare (R0), it is therefore highly likely
that the value of the moleculer welght of catechol Oemetiyltrarsferase
as estimated by its behavior on Ssphadex G.100 ig reprosentative of
the true moleculsr weight of the ensyme,

An exhaustive iidnetio study of the engyme has not been carried oute -
The lack of a suitable assay prevented cuoh a study. The flourcmetric
assay (2) was used in some cases, but the time consuming manipulations
involved in this procedure 'pmludcd its application to all the
substrates studied. Although the pyrocatecholphthalein assay proved
to be valuzble in purification and electrophoretic studies of the
enzyne, the complexity of the reaction prevented its spplication to
kinetic studies., It hos been shown that at least two products are
formed on the enzymatic Ommethylation of pyrocatecholphthalein (Figure D
Thus the use of this cospound as a substrate furthep somplicates an
already complex two substrate, metal activated reaction,

The n;pjority of two substrats reactions which have been
investigated sppear to tzke place vla ono of the following mcchanisas (96)s
(1) an ordered mechanism in which only one substrate can form a
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binary complex in each direction; (2) a random mechanism in which
binary complexes of both substrates with the enzyme as well as ternary
complexss are possibles and (3) a2 ping nong mechanism in which the
enzyme reacts with esch substrate via a binary complex, and no
ternary engyme-substrate complexes are formeds In order to distingzuish
betweon alternative mechanisme of two substrate regctions data of
excoptional acocuracy and obtained under a wide vardety of conditions

are necessary (97). It 1s obvious that such data osn be obtained only

when an assey that is extremsly accurzte and convenient iz ayailable,

R s ST "“é.f“‘"""s‘i e

Since no such ass:y for eatechol Cemothyltransforsse -:as aveilable,

no exhaustive kinetie studies were attempteds

‘ovaver it was decided that a survey of a variety of compounds both
ag inhibators and as substrates weuld be of value, Although such studies

could not be expected to reveal the mechaniem of the resction, it was
sxsected that some informaf.ion regarding the conditions necessary for
3 binding to the enzyme would be obtained,

If © compound e-e a gsnbrtrate for catechol Met}vltrﬁnéferase.
it would be expccted that its presence would inhibit the enzymatic
O-methylation of pyrocateaholphthalein because of competition for
the substrate :inding site of the enzyne. The measurement of the ability
of a wide variety of compounds to inhibit the G=methylation of pybow
catecholphthalein eould b~ made with a minimun of difficulty, Hence

the examinetion of the ability of a compound to inhibit the Camethylation
of pyrocatecholphthalein provided a convenient mothod to screen

potential substrates of catechol Ownethyltrransferase.
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A1l the catechols e zminod were found to inhibit the Owmethylation
of prrocatecholphthalein, However, since both iodorhenols (36) ard
tropolones (35) had been found to 4inhibit the engzyme competitdvely,
but were not substrates, the fact that all catechols utich were tested
iﬁhibited the engyme could not be taken as conclusive evidence that
they were substrates. On the other hand, the inability of the phenols
~nd the dimercaptotoluene which wore testsd to 4nhibat the enzyme is
conclusive evidenes that theso compounds do not interaat with the
substrate binding site of the engyme,

Direct evidence that the catechols were substrites wag obtained
by measuring the incorporation of radicactivity into ethylecetate
éxtraots of inocubations of the catechols when Seadenosylelemethioninee
methyl C1¥ wes used as the methyl donor. A1l the catechols examined by
this method were shown to be substrates.

It was apparent from the inhibdtory potencies and substrste
values of ghe various catechols that both the inMbation caused by
a compound and the extent of Owmethylation of the compound were derendent
on the nature of the group substituted on the catechol, For both cases.
the electronic nature of the substituted group appeared to be of more
importanse than its gize. No correlation between good substrates and
good inhibdtors could be made, The inhibitions observed were under con'itions
vhere one enzyme ms catalyzing two resctions simmltanoously. In such
& caszo the second substrate is expected to behave as a competitive
inhibitor so far as the reaction with the #irst substrate is concernod (98).
In competitive inhibition the kinetic parameter Xu is sltered, but the
paramoter Vmax 1s unchangede Thus in a case of strict competitive
inhibation one would expect only an effcct on binding of the substrate
to the engyme. The greater the affinity of the ;mme for the inhibitor,
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the more the Km for the substrate will be inoreasods If the second
substrate (the inhibitor) is s good substrate for the enzyme, it is
to be expected that the enzyme has » high affinity for it. Therefore -
1t would be expected thst a good substrate would be & bettsr inhivitor
of the enzyme than a poor substrate Af the inhdbition were strictly
ccmpetitive,

Since 1t was apparent from an oxsmination of the values obtoined
for the varicus cntechols that a pood substrate was not necessarily a
good inhibitor, it wes declced that there could. be & nonecompetitive
aspect to some of the inmhibitlons cbserved in the presence of catochols.
This possibility was cxamined by a kinetic study of the inhibitions
obsorved in the presenco of Uenitrocstechol end catschol. It was shown -
that S.nitrocatechol wss an extremely potent nonecompetitive inhibitor
of the enzyme,¥onecorpotitive inhibition csn be interpreted as being
due to the Mnding of the iﬁhibd.tor at a site othsr than the substr:te
site vhere it effects the reactivity of the énsymo without effecting
the binding of the substrate (99)e The nonecempotitive charactér of the
inhibition by l:.nitmatechol. therefore, indicates tihat a catechol can.
inhibit the enzyzo by effects other than a competition for the subét.rat.a
binding site. The lack of correlation between inhibltory potencies and
substrats values nay, thersfore, be due to the cnzyme having sites
differing in affinif.ies for the various cztechols, Ingufficent datz
have been obtained 't;o troat the further comnlications in the
interpretation of the results which arise if the possibility of
ellosterdic inhitdtion is considered,
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Ko evidence for the existonce of s methylated enzyme interxediate
wag obtsined. However, if an ordered reaction mechanism in which the
substrate zmust be bound prior to interaction of the methyl donor with
tﬁe engyme to glve a methylated engyme intermedi:te occurs, the
existence of a methylated engyme will not bz detected by an exchange
reoaction. If either 2 ping pong mechanism or a random mechenlsm occurs,
one would expect to detect the presence of a2 methylated enzyme
intermediate by an exchenge reactlion. One cannot visualige a ping
pong mechanism in which the cestechecl forms a product prior to
interaction of the methyl donor with the enzyme. llowsver, a2 ping pong
mechanism in which mothyl donor interzots with the enzyme to form a
product prior tc the binding of the substrate is possible., If such a
mechsnism ocoured, the existense of & methylated engyme intermediate
would be detected by an exchange reaction.

The occurcnce of a rendom mechanlsm would be expeccled to lesd to
isotope evchange if a methylated enzyme were formed since the
interaction of the methyl donor with the engyme would be indépendent )
of the aubstraﬁ. Thus, the fallure to demonstrate isotope exchange
between Seadenosylelemethionine end Suadenosyl-l-homocysteins is
evidence that the enzyme catalyged O-methylation of catechols does not
proceed via a random mechanism or a ping pong mechanism involving a
methylated enzyme intermediste.

It ‘may be eoncluded that no complete picture of the cstechol
O=mothyltransferase catalyszed reection can be formulated from the
preceding work. However, it is hoped that that the 2xamination of the
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many nccessary preliminary considerations in the understanding of
the engyme catalyzed Oemethylation of catechols that it presents
will be of vslue in future attempts to understend the enzyme,
catechol O.methyltransferase,
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