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,JEFFERV, ELIZABETH, .iNI) ?uIANNERING, (ILBEIIT .J. : Discnc’pminso’y mu tl’so’ mu’so’musuro’n’suo’sut

oil no’duco’d tniph’soispliopvnidii’st-’ nucleoticlo’ oxic!izo’c! dunitig o’tliyln’s’stunpiuinso’ .V-do’nuuo’fhsylmu-

tititi duo’ too flit’ pno’.sen’sco’ tub a msuclo’otidt! pvrouph’sousphatmisc’. ]JOI. I�/,ai’macol. 10, 1004-

1005 (1974).

i�lio’ Imuilune ft-i o’stahhishu flit’ required 1 : 1 stcuichicis’s’setny four TI�NH intilizmifiouss amid jiroidut’t
iursm’smition Ion flit! hso’paf-ic drug-metabolizinmg systeni isuvolving cytoc’hros’s’so’ P-450 h’smus bc’c’ms

aftnil)uted to ‘FPXH utilizaticosi by endogesious sul)strates. Af-ten’spfs to acl’sio’vc’ stouichiouni’s-

etry by �ubtracting endogesuous TPNH utihizaticusu Iron’s ‘FPNH utilizatit-umi in’s flit’ pno’sc’nu(’o’

oil substrato’ hsavo’ mit-it proved satisfactory. \Vlies’s the disappearance oil ‘FPXH ‘svas n’s’sonsitt-oro’c!

both eIizysioafi(’millv amid by observing the declinme in spo’ctral tulisorbanuc’c’ at 340 nn� mi flit’

pno’ses’sct’ and ahser’scc’ of the substrate, etliyln’sorpluinc’, valut’s ‘svene idt’nutical y, hut-
l)(’can’sc’ incrc’asinugly divergent ‘svit-li isucul)ation timm’sc’. Lt’ss of flit’ appant’s’st ‘F1�NH ‘svas prt’sesif

w’h’sen the emuzvn’satic proco’dure was used. The high values obtainmed by flit’ spc’ctropliotoonoo’tnic

nmsc’tl’sod ‘svc’ro! sho’svti to 1)0’ due to reduco’d i’sicotinas’s’sido’ n’sossot’sucleot-idc’, ‘svluicl’s mulsoo gives a

niaximun’s absonpfioi’s po’ak at 340 mm’s. NIMNH is fornso’d through the acfios’s oil n’sic’nooson’sal

niucleoutido’ pyrophosphatase. Moreover, efliylniorpliint’ in’shihits NI\INH lors’smatioun’s by con’s-

po’tilug loin ‘FPNH Ion its .V-dennetliylafioii. A 1 : 1 stt-uichion’st’fry 0)1 ‘FPNH utilizafiomni to

fonn’saldc!hydo’ lorn’satiomu ‘s’s-as possible ‘s’s’huen calculatiosis went’ connected tci is’scludo’ nmitc’s iof

NMNH formation. EDTA (0.2 mu) isshihifed X\INH born’safion ansci flierebu’ c’m’salulo’cl tho’

calculatiomi of a 1 : 1 stoichuiolm’sefnic relaf-ios’sship. A’FP anud 5’-A\IP alst-o imsl’sihifed i’suc’lo’oofide

pyncipliospliataso’ activity.

The cytochronsue P-450-containing, drug-

sssetabohizing system has been classified as a

si’sixed-fun’sctioiu oixidase, which by definition

(1) s’sieas’ss that the system must utilize

equivalent arnousuts of substrate, oxygen,

and ‘FPXH (a 2-electroun’s donor). Although

this stoichion’so’try has beet’s demonstrated

This research was stnppourted by USPII Grammt

uru-i 15477 from’s’s the Umuited States Public Health

Service.

Ion C21 livdrox\’lafios’s of 17-h’svdroxvproi-

gesferosue by bovine adrenal nsicrousonssc’s (2)

and ft-or the N-desnefhvlatioii oil ansin’soupvnnse

by lic’patic micnousos’s’ses Iron’s plienobanhital-

treated rats (3), the stoicl’sionsc’try oil de-

ms’sethylation by liepafic m’s’sicrousoti’so ‘s frcums’s

untreated rats is still unuc!ean.

Coho’ss amid Estahniuook (4) bouunssd m’ssfouichi-

on’setry of 2 ‘FPNH: 1 HCH(). Stnipp et al.

( 5) suggt!sted flint ass miccurato’ smso’m’ssuro’ cii
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ins(’ul)atioonsflasks.

‘FPNH ufihizo’c! during drug s’s’setahcilisns’s

isuiglit ho’ tul)ttuit’s(’tj. l�’ subtnactin’sg flit’ rate

(il ouxidm’stioum’s it’s flu’ ahso’suce 01 drug substrmuto’

mom’s flit-’ na-to’ ins flue preso’tsco’ oil substrate

(no’t ‘FPXH utihizc’d). Bo’sf ro’sults ‘svo’rc

tubtaitic’ch ‘svho’ni basal nato’s ‘svo’no’ do’tern’suiiuc’d

iii ass atniit)split’re cub carbon’s m’s’sous’scixide, bunt mu

�Etooicluit-ms’si(’frv oil unif�’ was sit-it oibfainio’d.

It’s hater studio’s (6), ‘svhich eni’sJ)lo\’O!d phc’nsco-

bmirljitm’sl-tnc’mito’th rmmfs asic! 1 liVsI EDTA is’s flue

isucuhatituni s’suo’diuns’s, this fourls’su!a- gave ro’sunlts

muppncuxisisatin’sg utiity. Rat-c’s oil ‘FPXH cuxi-

datiomi pul)lisho’d l)y Cooluen as’scl Estabromok

( 4), as muuo’a-suro’d l)y the o’nzvns’satic o’stimmimu-

fitosi oil TPNH (7) , ‘svere nisuch niiort! rmipich

thians th’souso’ givo’l’s liv Stnipp el (ii. (5), mus

ns’so’asuro’ch l�’ f-ho’ disappt’miranc’e cob mubson-

bmimut’o’ tot 34() minis dunin’sg nuso’fai)ouhsn’s’s (S).

In th’so’ o’unnres’st study this diffo’nenc’e bet’svo’ens

the f’svoo no’sulfs is coot’sfirmist’cl tumid t’xpltuiiit’d.

‘Flit’ t’xplmus’sat it iii l)c’rs’s’sits a ccurrecf o’d st(Oi -

chiounsuo’trv oil un’sitv for suc’t ‘FPXH utihizo’cl

to) lonn’s’smildo’h’svdt’ It urms’secl.

Malt’ Hculfzn’suani ra-ts (200-300 g) ‘svc’re

used t-oi l)ro’Pmuno’ hc’pmitic ni’sicrtosotmmo’s daily in-i

1. 15 #{176}� NC! (9). In’scunhmuticusi m’suixturo’s (3 miii

iii 1.15 � � IcC!) (‘Ol’sttLisit’(I 3 smug oil j)nooto’in,

900 j.�ns’somlo’s tub l)ht-051)limuft’ buffer (pH 7.4),

67.5 j.�ns’somlo’s oil sc�nsuio�a-rbmuzidt! hvdrtuchlooritho’,

is �nu’soolo’s t-of nsuagssesiuns’s chloride, amid tip-

l)l.tuximi’sato’lY 1 �.omssoolo’ cub ‘FPNH. ‘Flit’ inucun-
l)a-tion i ms’so’chiunnsu uvas s’s’som’sitouro’d coulut it’suc oinslv

mit 340 ntis in’s as’s An’s’sim’sc’ou D’\V-2 spo’ctnou-

l)hotcut’sio’to’r mit 37#{176}.‘F’svou-n’silhilitc’r smum’s’splt’s
‘sverc’ro’miuouvo’disuto 0.5 mis! oil 5 N milc’ohouhic

J’STOH boor ‘FPXH estiniimitic)ni l)y tlit’ n’sso’thioucl

of Estmibroucok mutud \Imuitne (7) ur into 0.5 miii

tul 0. 5 o� 104 It-or icorn’s’saldelivdc t-’sfim’s’smit it ui’s

by flit’ n’s’so’thod oil Nmish (10).

Et h’svlms’somrphim’st’, mut t lie 2 tii�I ccon’scen’st rmut it on

iuturni’smuhlv o’n’s’splo�’ed in’s this labt-unafourv, in’shib-

its lil)it! l)o’ntuxidatiooni toi 15 � oil flue vm’slue

scc’is inn tluo’ mul)50’m’s(’O’ oil th’so’ drug. Simso’c liiuioi

l)o’rouxic!miticim’s is ‘FPNH-do’penudenf- ( 1 1 ) , it
‘s’s’a-s do’cic!c’ch flint if the TPNH reoiuniro’cl loin

eflivlns’sourphiinuo’ dess’so’thuylmu-tious’s ‘svmus fou bc!

esfins’smuto’t! mis suet ‘FPXH utilized, lipid pent uxi-

dafioun’s shoould l)e alloi’sved tcu ciccur mit flit’

sanme rmifo’ in’s expt’nin’ssc’s’sts bcoth ‘svitlu timid

‘s’s-iflio oust drug subst rmut o’ pnc’ses’st . Lo o’s’s’o’nim’sg

flit-’ c’tmsuo’o’nstnmutioon’s tub efhuvln’s’sourphuin’so’ too 1 s’sron

dc’cro’muso’th inshuibitiooi’s oil lipich P(’rtuXichmititmm’s too

1 1 #{182}T�‘svitluoouf lo’svo’nimsg raft’s omf ‘ii�NH ooxi-

datiosu minuci bounn’s’saldc!hvdo’ l)noutlu’st’tiounu. Lij)id

l)0’I tuxidmitioumi iso huoutli flit’ �in’o’so’tit’t’ tumid miii-
sc’si(’o’ cul 1 hiM o’flsvlnsiourphinso’ ‘s’s-misinuh’sibifo’d

con’s’splo’tt’lv l)\’ 60 i’oi FD’FA, bunt nmufo’s ol

TPNH ouxidtutiouu’s tumid it ormsimuldo’livdo’ jurt udinc-

titus’s ‘svo’re msouf :‘slto’rec!. Hom’svo’vo’n, mit ml c’oonucc’s’s-

fraticin of 200 .mii, ED’FA lcu’svo’retl TPNH

uxidatiomu l)ut tlid miouf m’sfl’o’c’t- HCH() fourm’simt-

ticins, thus resunltisig ins a na-tiom of sso’f ‘FPNH

u’stihizo’d to) foornu’smuldo’luvde founn’sc’d of usuitv.

At higlio’r c’oumsc’c’nst ratiom’ss E I)’FA clo’c’ro’must’d

booth sic’t TPNH untilizmution mint! o’tluvlms’son-

j)liil’sO’ cho’nuio’th’svlmitious’s (Tmiblo’ 1). It fliuns

hiO’(’(itiiO’s a-ppmur(’m’st thitut flit’ o’ffo’c’t cml 1ill)’i�A

0 on’s flit’ sto oic’huionu’so’t rv 0 if (ho’n’so’tlsviatiousi is clue

foi its o’ffo’c’t tons st-un’s’se su’so’c’lsmunuisn’ss outh’so’n th’smun

lipid jo’rooxidmifioos’s. \Vho’ss �FPNH ‘s’s_misnsuounii-

toored hiuy ni’so’mtsurin’sg flit’ clo’c’ro’muse in’s muh)sonl)-

tilit’(’ tot 340 nsn’si dunimug inuo’inbmuticuns, if uvas

TABLE 1

EJTcct.s (uf Ei)TA on TP.\H )IfiliZ(ltion ,

11) ()r/)h in (- .\� -(lo,l)etli �jlt-zt i000 , (0 10 (1 lipid p(-r(uri(la -

t iOu) by liepat io 110 i(-roso,ne.s-

Lipiti iierouxidatioons was estinsuated b�’ the thio-

barhit uric’ too’id mnethood (12) . Restnlt s are expressed

as a percenstage of t he al)soorl)ansc’e at 5�35 nomusomlu-

tamed �vluen neither El )TA nscur ethvlnu’soorplsinse �vas

presenst i ms the imiculiat it-uns msmeditnnn. Im’st-’tsiimst-iomrss

were carried ommnt in a slsakinsg water bath tot 37#{176}.

The inmc’Ini)at iomns nsuixtttre was tise sansue as do’so’riiued

it’s tloe text, except that it comist-ainsed 3(X) rat her

thamu 100 nunsucoles of TPNI-I, aisd the react itoms was

St(upped after 10 mu’sims. TPNI1 was ms’seastnre(l iuy
the numet lund o)f Estabroomok amid rulmoitre (7).

E1)1’.-� Net 1’PNH Formalde- Linoid
concen tratioun utilized hyde Iournse(1 peroxi(1ati�n�

7t) :31 15

71 :32 59

70 30 55
:31 52

:31 4

:30 1

32 30 (1

:32 31

25 2:3

24 9

11 2



Additions

A. None 95 97 1 1 .5 31

B. Ethyinmourphinse (1 nisin) 98 98 17 .0 45

BminusA 5.5 14

nnzoles, 111111/ ing protein

2.8

35

38 2.8
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TPNFI -h 2’,S’-AMP + NMNH
I)PNH -� 5,-Aruip + NMNH

TABLE 2

Comparison of spectrophotonoetric a ut-i enzymatic estinoatiouuis of TP_\H oulilizatioui luy hepat a- iuoicrosomes

Ino�ubations were carried uut in the spectroiphotometer at 37#{176}as described in the text. Samples were

remisoved at 20, 40, 60, 120, 180, and 300 sec for TPNH estinsiation and at 120 sec fcur formaldehyde estirna-

tion.

TPNH present at TPNH utilization
zero time

Formaldehyde
formation

Sa E’ S E

C. EDTA (0.2 n’s�uo)
D. Ethyinmorphine (1 muM) +

EI)TA (0.2 n’smn)

1) minus C

nnzoles - nil

96 96 15.2

95 96 18.0

2.8

a Spectrophotonuetric n’sethod.
b Enzymatic estimation.

noticed f-hat- the disappearance w’as lar mu’sore

gradual than that measured enzynmatically

by the n’setliod of Estabrook and Maitre (7),

although zent-u-t-ime samples gave the sammue

value ljy both mc!fhoids. Values obtained i)y

thc’ t’svti methods a-nt’ compared is’s ‘Fable 2.

It ‘s’s’as also oubsc!rved that if isscubatioun’ss ‘s’s-crc

allow’ed fti continue until there ‘s’s’as no

further change in absorbaisce at 340 un’s,

there was still commsiderahlo’ absorption at

340 nm, although by enzymatic estinsation

there ‘svas iso ‘FPXH nc’si’sainimmg it’s f he

m’s’sediun’s. This raised the ciuesfion whether

the residual absorption at 340 sins’s nepre-

sented ‘FPNH or sonic’ product oil TPNH

n’setabohsm.

Nicot-inarnide, forsm’sed by flit’ cleavage of

‘FPN+ l)y nm’sicrcisomal DPNase (13), is not

f-he intc’nfeniuug product hecaust’ it does not

abscinb at 340 un’s. Xicotinamsmide had no

effect tui’s the residual absorpt-iosi at 340 nn’s.

1�t’duncc’d isicofinan’side mononucleofide

seemed a nuore likely candidate. .Jacobson

and Kaplan (14) slio’s’sed the presence of a

uuucleot-ide pyrophosphatasc’ (EC 3 . 6 . 1 .9)

in rat liver nsicnosos’s’sal prc’parations. This

enzyme splits uuict-utisuamide disuucleout-ides as

follows:

IOOr\ bar� � �

9C-�\\

� i\�\\ �

�o0 02mM EDT3 � � +

I 90 C- : -+�o�
z t\ -‘
a-80s -C

C- 70 5��\ C � D

60 \\

� � �

1-Tc:c�: ��1�S-Ii
0 � 2 3 4 5_+ �‘ � I 234567

Fit;. 1. TI’AH utilizatio,m u,oo,mitorecl by disap-

pearance of absorption (it 340 iinm (- - -) aui(l by

euizynmatit- estinmatioui ( )

The difference between these twoo museastmrensents

is plotted as the appearance (of NMNH (-), a

product (of TPNH mu’setaboiisn’s’s wit-h anu absorption

n’saxin’sunsm identical with that (if TPNH (340 minim).

Spc’ctnopliofom’s’setnically this mucfivity

wounld I’sO)f lit’ sioiticed, siisce 2’ , 5’-Ai\IP

absorbs at 260 i’sssu ausd NI\INH absorbs at

340 mimi-i, forn’simsg a coomishined spc’ctrum

identical with that of the parent cosi’spouisd.

Sasame a-iid Gilletfc’ (15) idc’nfified nsic’ti-



Incul)atioun with Incubation with
fl(i EM- E�-1 (1 n’sM)

Net
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TABLE 3

EfJect ouf EDTA on ztoich iolfleIr!J of ‘l’l’.VII (utilization fornaldoImqoie forinatiouii (luring etlm�/ln)ourp1m iu)e

.-\_ -(leunethqlat 0)1) ��!J hepat ic ii) i(-r(us(ulu)os

TPNH was nsueastnred l�’ the oiisappearamsce (of ahsonpt-ioons at 340 nulls.

F;DFA (0.2 mim) TPNH utilization Formaldehyde TPNH h1(H()
� �- -� - formsied

0,00)/iS ill/il uii#{231}

pruto-iuz

3_() 1.9

4.2 1.9

2.9 2.1

+ 3.0 1.03

+ 4.2 1.0)2

+ 2.9 1.03

10.1

7.4

15-S

9.6

15.4

15.7

5-7

S .0

it-i

12:3

5.5

15.2

15.4

12.8

18.6

:3.1

4.3

:3 �4

1 ETI’Nn{ at 340 minim = 6.22 hum’ cnss�.

a iru-t, et-hylnuit-urphimie.

niozoles nun i,i�s,’ �l))teiFl

tinansmide nibomuuclo’osic!c’ (c!c’phosphcurvlmutc’cl

X�\INH) as a tirtoduct oil nsiiclosomiial ‘FPNH

pyrouphosphataso’ mictivity ii’s rat liver. ‘Fhit’y
also deduced , irons’s PIiOsl)luate dt’term’s’siu’smu -

tions oil flue products oil ‘FPXH mi’sef-abolisn’si,

flint ‘svliereas flit! 5’-plitospluate ‘svas cleavo’d

Irons’s 2’ , 5’-AMP (‘(unspletelv cluniiug li’so’tmib(u-

lisn’s, cushy 13 #{176}� oil the 2’-pliousphmu-te ‘svas

hydrolyzed. Hoiu’svevo’n, they did suout discunss

the possibility that pyrt-uph’sospliatasc’ nuiglit

interit’re with flit’ ms’seasurc’mi’seist- oil ‘FPNH

oxidatioiu during drug ms’setaholisnm’s . Alkaline

pliosphatast! hydrolyzes 2’-AMP fcu adc’i’scu-

sisse (16). Tes’stativc’ idemstificatiouss of 2’ , 5’-
A\IP was issade by deanimimumutis’sg flit’ adessoi-

siime lu’st)ief-v to inosisse. Kalckar (17) has

sho’svn that wheis adt’siousiu’se is deaminated,

the spectral m’s’saxiss’susm’s shuilts lnun’s 260 to

245 imni. Thus, i)\� o’xpousimsg 2’,5’-AMP to

alkalisse phosphafaso’ (EC 3 . 1 . 3 . 1) ai’sd

adt’siosii’se deassmissasc’ (EC 3 . 5 . 4 . 4), the

spectral slut ms’siglif bo’ unsed to distinguish

2’ , 5’-Aii\IP Iross’s ‘FPN� as’sd TPNH, ‘svhicli,

alt-hoiugli sho’sving spectral peaks at 260 u’snms,

canisot l)e dean’s’sinatcd by this systc’s’sm. San’s-

plc’s were iiucuhated ‘svitli alkalitue plicusplia-

fast! at pH 9.2, asic! suo spc’ctral shift was

t-uhtained. ‘Flit’ samsic’ sanm’sples ‘svc’rc’ then

imucubafed ‘s’s�itli adt’ssosis’st-’ deansuimsasc’. ‘FPNH

and D1�NH stasudards, cur san’sples Inoni’s

zc’rou-tin’se iimcuha-fiomus, o’xhuibift’d isou spt’ctral

shift Irons’s 260 isis’s to 245 suns’s, bunt mu snimall

J)o’ak at 245 isnu ‘s’s-as so’o’m’s in sas’s’sp!es alt-er
in’scuhatioui’s . Tm’sc(im’ssI)miriso)ss , sats’sples that had

i)0’c’Ii is’so’uh)ato’d ins flit’ pres�’ssc’o’ oof iDi�_&

shuoi’svo’d greatly ro’chut’o’c! 245 mists juo’muks.

Tuuteniert’s’sce duo’ ft-u mui)soonbmulucc’ oil ‘FPX+

and TPNH at- 260 mini’s ‘s’s-as touou gro’t’sf too t’siloo’sv

iummisutifmitivo’ nit’musurt’miio’iit cu 2’ , 5’-Ai\ I P in
flio’so’ pro’lismmiriary sf tidies, l)ut funnt lit ‘r ‘svoirk

is l)ltumumit’d a-loussg tlio’so’ lint’s.

Having t’sfmil)lislit’d fl-it’ prt’s(’5’s�’�’ ouf jiyno-

l)hiosl)limutasc’ mictivitv, ‘s\-t’ est-iti’safo’tl N :\ I NH
lcorn’smatioos’s 1)1’ sunl)tnmit’fn’sg the o’muzynu’smutic’mully

o’stiss’sato’ch munusouinn’st tub ‘FPNH (is’s isasut mms’soles)

froin’sA310 X 1000/���6.22 (‘FPNH + NMNH)’
loin flit’ san’s’se smun’sple. Fromus the rc’sults shown

is’s 1”ig. 1A timid B, it cam’s lit’ seen’s thumit the

iiuitimil rates oil NMNH loons’s’smitioons (15

mums’sooles/nmiss/ms’sg) wt’ro’ the sass’sc’ in’s flue

prt’s(’�m�’�’ mimic! muhsen’sc’o ‘ 0 ii et-livlnm’sourphuinue.

Ho’svevt’r, l)ecause oil iroc’reasc’d ouxidafiomu of

TPNH buy the s’s’sixed-lunsicfioi’s ouxidaso’ �

fesms irs flit’ prc’sc’nce tub o’thylmm’sourph’sisuo’ (Fig.

1B), the rate tuf N)OINH fonm’s’smttioon’s fell

milmssoust- toi Zt’t’O) b�’ 2 sums. EDTA (0.2 mii’sn)

im’shihited flit’ rate of X\IXH icormu’smutioosi liv

40� (F’ig. 1C an’sd D), hunt XMNH forms’s-

tiom’s ‘s’s-mis unalterc’tl liv flit’ addition’s oil

efliyitm’sounphumse. The raticu cob mitt ‘FPXH

utilized tti fornm’saldehivde bonnuc’d aito’r 2 ns’sisu

‘svas 2: 1 in’s the absence ool ED’F,-� munsd I : 1

iI’s the pnc’sesice of EI)’FA (‘Fable 3). The

figures br ‘FPXH ooxidmutioon by btotl’s ns’sc’th’souds

(‘Fable 2) agmuins shoow fi’smit a rmitio cob mipproxi-

nusafo’lv 1 : 1 occurs in’s flit’ �rc’s(’nt’t! oil l’I)’FA,



lOOS SHORT COMMUNICATION

‘svlso’no’m’ss in’s its mmb-o’mucc’ flit’ discnepanuc’v it’s

stouic’h’sioon’smo’trv cmun’s bit’ t’xl)laisied c’mstirclv hiy

N\INH boorn’suatioot’s. Thus if- ‘svould sects’s that
Ei)’FA m’slfo’rs flit’ stooichicmnumo’tnv oil sso’t ‘FPNH

too ft mrns’smokho’huvdc’ i)n’codunt’t’d , by ismhibit is’sg

m’suc’lo’oofido’ �uyroiphutus�ihiatmust’ activity tti flue

o’xfesst thm’st c’ouis’spt’fiticuti by this emuzynise for

‘FPNH substrmuto’ is uu’sim’sinsmmui,l)unt nsmcuno’ mu-

pomrfmussf loon flit’ �)unr�)omsc’ (if calcunlmutinsg
stomio’h’sio onuo’fnv iii flit’ preso’�uco’ ouf 1�I)Ti�\,

pyro opi’st msph’safmmst’ muc’tivity is nit-u Ii om’sgc’n

tulfo’ro’c! 1)\ t’thiylmuio irphimso’. Buc’suissg timid

I’rmun’sklisu ( iS) m-ulsouiooun’sd flit’s-f P�romPhicusPlmmi-

tmoso’ mic’tivitv issto’nbc’res ‘svitl’s flit’ niuo’musuro’-

nsuo’nof 0 ii ‘FPNIII ouxichmstioon’s dunissg drug must’-

tm’sbo ohjsn’s’s.

Ps’io is’ tro’mufm’sio’n’st tub mi-nuinsials ‘svithu phuo’msto-

l)minlilttil c’miuso’s isudunc’tioomu oil flit’ nusixeci-

iunscfio mm’s0 uxidast’ svstt’ti’s. \Vt’ have ouhsc’nvo-’d

thmmut thus agt’sut clout’s sucot imicluco’ nsiit’roost-osuial

iuuto’lo’o of kit’ pvrophuo usphatmist’ act ivity, mis dt’-

to’rm’siimso’d i)\’ N\1 NH lounn’ssation’s nuseasured

spo’c’fnmillv. ‘Flit’ nmitioo oil ns’sixed-funt’tit-um’s cuxi-

dust’ moo’tmvitv to �)yrou�)ht-usphimitast’ muctivity is

500 gro’:ofiy increased l�iy this is’sduncisug migo’s’st

thumuf flit’ fonn’satioum’s oil Ni’sIXH clout’s noot

bc’o’oons’so’ mum’sin’s’sp(urtam’st lac’toun ismfluesucimmg flue

ratioo tot ‘FPXH utiliztutiouns tou fourmmualdt’livde

iournssmufioon’s. Thus ED]�-\. humid mit-i c’ffo’ct on flit’

raft’s oil ‘FPNH cuxichafioum’s our net TPXH

itt ii izo’th tiunimug c’t liylns’sunphusue des’sio’fh’svla-

tiomsi ins n’s’sic’roisout�it-’s lnoin’s’s rats tret’sto’d ‘svithi

pho’sso obmunl ital . This ‘s’s�ounld t’xplaisi why ( )n-

rt!suitns (3) timid Sasanse et al. (6) oobso’nvo’ch a

stt-)io’lmioon’sio’trv tub I : 1 four ans’sincupvnimmc’ anti
eth\�ln’smt mnphui’se denu’setliylm’stiosu usinug mimic-

rosoums’so’s irunm miniinu’sals fremuted ‘svitli pho’cscu-

lumurhitmul . So otiiun’sm fiunounido! amid A’FP, km’soo’svi’s

pyrtoj)h’soos�h’smutmust’ inuhibit-ors, had c’ffet’ts sinuui-
lan fou E1)’FA. 5’-AMP (0.5 im’s�n) alnsuoust

ct)niiplt’tt’ly iiro’vo’sufc’d X\ I Nil aco’tnnsinlmut ion.

\Vit-Ii 2 s’s’s�n 5’-Ai\ I P in’s flit’ nuio’chiunsi, Buc’nmin’sg

music! Frasukiimi (15) oobtmoisic’d stcuichiion’ssc’trv

bo’f’s’s-o’es’s ‘FPNH tumid oxvgo’ns utilizc’d chum issg
dring ti’st!fmubtilisni’s. In the m’shst’nce of 5’-Ai\IP

thc’y It ounsid t hat j��ro oplnusplimutmuso’ mict ivity

ii’sferfert!s ‘sviths tho’so’ results and stcuichiooss’so’-

f-nv is iso lcungt’r ohitmuin’so’d.

REFERENCES

1 . i\Iasors, H. S. (1957) .1 eli’. L’uizi�uuiol., 19, 79-

233.

2. Ciooper, I ) . V . , Est mobromook , It. WI . & iloiseist humol,

0. (1962) J. 13i(ul. Clot-un., 2:38, 1:320-1:323.

3. Orrenius, S. (1965) .1. (‘(-ii BiOl., 2(o, 713-723.

4. Cohen, B. S. & I-stabroomk, H. �CV. (1971) An-b.

Bioc-heu,m. Bj(upl)!J.s-. , 113, 46-53.

5. Stripp, 13�, Zanimpaglioomic’, N., Hanmirick, :�i. &

Gillet te, J. II. (1972) .lIol. Pbmarinarol., 8,
159-196.

6. Sasansie, H. A., \Iitchuell, J. IL, Thorgeirsscun’s,

S. & Gillettc’, J. II. (1973) J)roig Motab.

J)izp., I, 150-155.

7. Esttobrououk, H. y,,r � �\1aitre, I�. ii;:. (1962) A uial.

Biochein . , 3 , 369-:382.
8. (iigools, P. L. , U mmmi , 1’. E. & ( illet te, J . II.

(1969) ;1I()l. Pbiaruuiaeol. , 5, 109-122.
9. Sladek, N. F�. & �\Ianmiering, C. J. (1969) JIol.

Pharuuoacol. , 5, 174-185.
10. Nash, T. (1953) Bioehein. J., .55, 416-421.

ii . Wills, IL. I ). (1969) I)’uu(-bmeun. .1., 1 13, 333-341.

12. Wilbur, K. NI., Bernsheini’s, F. & Shmtpiroo, 0. W.
(1949) 4 rcbm - Eioebmo-uum,. Biopbmjs., 24, :305-313.

13. hloofms’sann, F�. C. ( �. & l�ts-�ioport, S. (1955) Bio-

ebmuuum. Biophys. ,4 eta, 18, 296.

14. Jt’s(’(il)s(ils, IN. B. & Kaplan, N. 0. (1957) .1.

Biol. Che,uj., 206, 427-437.

15. Sasansie, H. A. & Gillette, J. 11. (1970) Arch.

Bi(ucheuu) . Biophy.s-. , 1-It), 113-121.

16. Sarsadi , 1 ). 1� . (1952) .4 r(-bo . BiO)(biefl) . Biopbmijs.,

35, 265-277.

17. Kalekar, i�s�1. 11. (1947) .1. Biol. Cheuui., 167, 455-

469.

18. Bineisinig, i\1. K. & Fransklims, ‘iI. II. (1974)
.lIoul . Pbma run (i(-(ol - , I 0 , 999- - ltX):3.




