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SUDLO\V, (bL1�I.�N, BIttKETT, I)ox�i�o ,J., AND \V��moE, 1)F�Nls N. : Spo’ctroostoupio’ fo’o’lr

tiiclues iti flue study ouf proofeimi bimuding : flue use oof I -munihimiou-S-mumiphuflumulo’no’sulphutumumutt’

mus mu fluoro’stt’mi( j)rtub(’ four the sfuuclv ouf flit’ bimuditig ouf ioupho’muoxio atid ioopmunooit mucids

too hiummumi sc’rum albuminu. un!. Pliarmacol. 9, 649-657 (1973).

‘flue bindiuug of itopmumiooic mind ioupho’noxic acids to hiunumumi so’rumiu mihbunuimi (HSA.) lumus bo’omu

sfudio’d by spO-’ctrOOsCtOl)io tt’tlltui(IUt’s. ‘Flue proufo’imi fluoresoo’mit’e ouf liutuimuti so’runu mulbutuiimu u�mis

o1uo’no’hed by fluo’ binding ouf o’ither drug. Amualysis ouf this c�uo’tichuitug inchiomuto’cl that ioophio’tu-

oxit2 acid binds very tightly to at lo’asf omit’ sift’ tutu the mulbunuin nutoleo’ule sou flimut, mit lo’ss

(luau a 1 : 1 ratio) tot ituphetiouxic acid too lISA, mulnuoust tutu drug o’xisfs fro’e iou soulufiouti. This pro o-

vides tutu explmtiiaf.itoti four fluo’ uiuusumul l)hmirmmtoookmlio’fios oif this drug. ‘flit’ bimuding to!’ 1 -mumiilimooo-

S-naphthalemuesulphomuafe (ANS ) t o� huunmanu serunu albu nun humus bt’enu sf inched tumid is slu(own

to be coomisistetif with sfroung binclimig mit omit’ sift’ mumud wo’muko’m bimiclimug mit fhuro’e furthuo’r sift’s.

The fluoresceuuce ouf ANS bound too HSA � iuucro’muso’cl by iouphio’nooxic muoid mind dt’oro’mused by

io)pmutuo)ic acid . �\ I o’musuro’menufs ouf fitmo uresct’tiot’ emissit utu slx’ot na tumid fluo oro’soo’mioo’ I ifo’ti m ‘s

indicaft’d that tho’ drug-induoo’d chianuges in fluorescenco’ wo’rt’ clout’ too ohimutuges mu flit’ olualifunu

yio’ld ouf the boumud ANS. If is couniclinded (limit iophenuooxie mutid ioopmutiouie muitis imucluoo’ ohiffo’ro’mtt

(hmthug(’S imi milbumitu (‘o)nf(urmafiomu whuiohi oatu be do’(ecft’cl by ohuamiges iti flit’ fluouro’sco’mico’ ouf

btuund ANS. Iouplio’nuoxic acid t’tihmtnced the fluouresco’nueo’ ouf ANS booumitl too ifs tight sift’ but

displmteo’d ANS froum (ho’ wo’ako’r bitudimug sites. Furtluo’rmoro’, I moult’ ouf ioophit’miooxio mucid dis-

i)lmuC(’d muro’ than I moult’ ouf ANS, indicating (hat this o’ffo’ct ‘0�#{231}�ahsoo ro’lmufed too flit’ drug-

nduced chuamigo’ i mu (he mulbuminu structure.

mNT1IOt)LTCTmON a nuafter ouf wo’o’ks, whuo’ro’mis itophio’mioxic aoitl
humus a lumuif-hife oof 2-3 years (1--3).

loophienooxuc acid (3-amnnou-a-o’tluvl-2 , 4 , 6- .
Mudgo’ mural his coo-wtorko’rs (4-i ) o’murrmecl

(rHo oat unvarouomtunmumno’ aota) anion iopato tome

acid (3-hvdroxv-a-o’(hvl-2 ,4 , 6-triioudouhuv- tout o’xfo’misivo’ studios tutu flit’ mno’tmubooohisrn mumocl

olroucimunamic muoid) mire fw’ou radioooupao�uo’ mooch’ oof o’xcro’fioin tuf fho’so’ twoo drugs tumid

oo)nutrast agetuts w’ifh similar struoturo’s but foumid fhimuf flit’ rmu(o’s ouf hieptut it ooumijitgatiomi

very differetif phiarmaooukino’f it prouf-iles. amid o’xcro’tioumi of iouphuo’tiouxie mioid w’ero’

Iopmunuouic acid is o’himimuafed from (lit’ lot udy iti critically clepo’ndo’tut tutu the plmustuua count-
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ct’ti(mmutioutt. At 100 pg nil a 2-foolol ohmungo’ imm

plmusmuimu hovel wmus missocimited with mu 100-fould

Ot gro’mi(o’r thmumigo’ imu toomijugmitiomu rmufo’ (4).

‘Flit’ upfmukt’ ouf ho ofhu drugs itifto shot’s ouf ro’mumul

(ourfo’x mumiol hivo’m \\�as ro’duco’d by flit’ muc!olifioomi

of plmustuumi proufo’imus to flue incubatioun mo’diunu,

f hut’ tilt ‘of bo’imig nut ott’ nuuarked �vithi it uphio’tioxio

muoid. l”urt hio’rnuo oro’, t lie aco’uniulmu( ioon oof hot Ii

drugs iti shot’s out’ hivo’r arid kidno’v cuurfo’x was

t’mijOi(lly ro’vo’r so’tl l�’ flit muddifioun oof pltusnumu too

(hit’ iruo’ulomutioomi nuo’diutn (5, 6). ‘Fluo’so’ miuthioums

pos(ultitt’tl (limit t’xt’t’p(itutitihly s(roomig pmtOft’iti

bituthitig tuuighi( causo’ flit’ unusual hoioulogicmul

po’rsisf o’mioo ‘ o of it ophuo ‘miouxic aoid. ‘Fhuo’y turf lion

suggo’sto’cl fhmut flit’ to’mial o’xon�c’foui’y mutid flit’

lio’jumu(icino’fmuluoolioj’mouoosses mitt’ himuuitt’dby

ti-it’ muvailmubihify oof !‘mo’o’ drug, (his hitiiifmu(ioouu

bo’imig muuoot.o mnmumko’d �vithu ioopho’mioxio muoioi (hiatt

uvi(hi iojumutio ut aoio! (5, 6).

iii thio’ pro’so’mit sfutlv flit’ boinchitig oof

iOOl)mim000it muntl it uj)luo’mitOxit’ acids #{149}t0 0 iuunuimitu

serunu molbuniin humus boo’o’musfuc!io’d lu� spot-

(ItOsOOuj)iO’ to’chumiiquo’s. ‘Flit imitrimisio’fluoumo’s-

cetict’ mussouoimtto’ol �i thu flit’ 1 r��ut oojohimumi to!

mtlbunuimu �\mus fooumuol too ho’ (juo’miohio’o!uvluo’mi

eiflio’r tiring ��mus hmoottmod too flit’ joroo(eimu.

1�urtluo’m st udy ouf this (100’nohimug imiolioafed

t limit io oj lio ‘mit oxio muit! ��mus tii(OtO ‘ f ighit lv boumuol

to mullounuin fliamu ivmts iopmumuoio mnoicl.

1-Atuihimlou-S-mimuFohlthumulo’muo’suhjohiomumuto’ mis

ho’o’mu wiolo’ly itso’t1 as mu joroobo’ hum t lit’ st muo( nrc

tof mo’tuibommum to’s mimic! jorooto’itis (8). ‘Flit’ boimiclimig

ouf this proobt’ too HSA himus 1)0(11 sfuolio’d mumicl

is sluto\vti too lot’ to omusisto’mu( wit Ii strootog buimiditig

too 0 omit’ sito’ mimic! wo’mukom boimidimig too (met’
furfhicm sift’s,

(‘limitigo’s imi flit’ 11110Ott’St’t’titt’ ui booouttiol

ANS1 imiolueo’ol by thio’ boimoding to! ioupmimiooic

a tid ioophio’ti ooxic mutids to HS A imidicmut 0(1 f limit

I lit’ (woo clings imuduto’ ohumutigo’s imi t hot’ to omi-

Jormmu(itumi oof (he proufeimi. As flit’ohuango’s itt

ANS fluoomo’soo’iioo’ oomi luinditig of (he fwou

drugs mutt’ diffo’to’mif, if is ooummoludo’ol t limit

differo’mit oootmfortuiafiootmal stafo’s ouf flit’ HSA

nuoleo’ttlo’ mutt’ induco’o!. Eyiolo’mioo’ is pro’semtto’o!

thumut iopho’tmouxio mucic! ohisjolao’o’s ANS fm’onu ifs

�vo’ako’r ahiounuimi-bimoolitug sito’s mimic! (limit (his

nutty ho’ tint’ too flit’ ohmumuge imi flit’ proo(o’iti

ooomufourmuuafioomi.

� ‘Flit’ molului’evi mit iooui umseol is : ANS, 1 -amilli miuo-S-

himt1)h t lualo’miesuulpho mimiIc.

.\tETHOIos

h.r/)erilnenta1 Pro(’e(lure

Solutions ouf 0’leOfroj)lituit’ficmully l)tmn0’ crvs-

fmullimie hiumuimumi so’rum mu!boumin (IIouo’ohust

Australimu, lAth.) \vo’ro’ n-imitle UI) imu soocliunu

j)hiousphimut o’ bouffo’r (0.1 un, pH 7.4, with

0.9 0 � Nmu(11 ), tunic! (lit’ coiuo’o’nfratioutu \\.�

ohuo’oko’d usimig flit’ Putlolislio’ci t’xtiiiofitumi too-

efficio’nf oof � = � mit 250 mini (9). The

fmo’o’ fmi(fy muoio! Ot)tifO’tit tof fhuis tuhlouniin mis

ciuofo’d 1)y flit’ nuahuufmuoturers � 0.5

niF:o1 10() g out’mulbunuimu. ‘fhie ii-iagtut’siulii

smulf ouf ANS (K & k Labo)rmut(ori(’s) wmus

iiso’cl �vifhuouu( fum’fhuo’r joum’iliomution. Sulufiomis

tof A\’S \Vt’lO’ iuimtc!o’ up itoflit’miloo)vt’huffo’r at

joH 7,4, mutocl o’oota’o’mu(tmufioitms uvo’mo’ (htt’ckt’d

usitig flit’ pulolislio’d vmuluo’ to!’4,95 X 10#{176}four

f ho’ nit ulmir tuloso Otj)t ion o’(uo’fho’io’tut mut 350 mini

( 10). Ioopmumiooio mumit! ioopho’muoxio’ aoio!s uvo’mo’ mu

gift fmtunu 1)m’, ( . H. ‘uI utigo’ (1)murfnuuou(hu

:\ I o’clic’al Sohto oool ) , ‘Flit’ olrtmgs ivo’i’o’ o!isso ohi’ec!

mu mu snimull moniouutmf oul’0.01 x ‘mu( )H mtmuol

dihuito’ol�vifhi loufl’o’rtoo (hit’olo’siro’t!coomooo’mfra-

tioumis, ‘Ifhie p11 to!’ tho’ o!ilu(o’ol solufiotis �mis

7.4’

(.)p(ioal clo’mosity� nitt’misitmo’clito mu tJmtiominu

S P 3000 moufounimutio iihfnmi�’itolo’t SI)t’0(l’001)hit)-

f ounuo’(o’r. 1’luouro’so’o’mioo’ nio’misunro’nuetu(s �

mmudo’ imu mu Po’mkimm-l’lnuo’t ‘uIPI”-3 sj)t’O’fmOO-

l)hitofO ofluiom�unio’(o’n. l’luu umo’sot’mioo’ lifo’finuo’s

\vt’t.o’ nuemusuro’tl uott a T1{\\’ 75A deomuy I inue

fliu oroumtuo’f or,

‘I’iti’ation s ( siii q 7’r�jptophan bluOl’e,S’(’efl ce

Quench tag

Soohlmtiolus of iopmttuoic amid iophenouxic acids

� miimuo!e up in Iuufl’o’m’ ooumifaimoitog HSA (3.7

�m). Ahicjuots (20 /11) won’t’ muoldo’c! too 2.0 nil of

mu soulufiouti o’ountmuinitig HSA mit (hit’ smumo’

ooomueo’mifrmufioon , mmmud t lie prO)(t’iti fluooreseo’nuce

\�mis tuit’mistilt’d mit 34() tim, with exoitafiouti mut

280 toni. Pmurmullo’l(ifrmi(iouns wo’ro’ po’rfomnuo’d

usi mig mu so ohuf itott oof trypf oophimimi numide UJO (0)

(lit’ smunuo’ imuifimul mubso orbomumioo’ mit flit’ o’xcifmut ioumi

�vavo’lo’tig(hi as (hit’ HSA soolu(ion. Thio’ do’-

tro’muso’ hi 11110uresOetoto’ oof this to omu(ro oh so uluf itomu

was used too o’oom’ro’o( ftor q uo’muchimug tInt’ too flit’

itimio’r filto’m o’ffo’ot.

J?iiuliiig (0/ _1 \.� tO) IL”�’.1

‘Flit’use ouf fluoro’sco’nc’o’too mo’asure loimud-

ing rhimiracfo’rist its itt (ho’ HSA-ANS sysfo’mii

rc’ojuiro’ol(lie f’ouhltowimigf�vo s(o’ps.
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where r is fhic’ number moult’s of ANS bcuund

Titration- to nteasuie hut i’ti’ng fluorescence.

Tifrafions of ANS with HSA wo’ro’ used to

o’s(ahhish (lie hinuifimug fluoro’seemuce uvlieni mull

the ANS was btuund. A 2.0-mi solutioti ouf

HSA (196 � tumid ANS (2.8 �oM) was sue-

cessivo’ly diluted �vitlu a solufioumi ouf ANS mit

the samc’ co)mio’o’titrmutioulu st_u (limit (ho’ ANS

conuco’mifratiouti ro’nuaimio’cl to omistmunt whuilo’ t hue

I-ISA tOIit’O’tifrmufit)n cleoro’ased. �&fter o’aehi

dilution (hut’ ANS flucoro’sct’tio’e was nuemusur(’c!

at 475 mini, with o’xcifafio)ni mit 400 mini.

‘Flit’ rev(’rso’ tifrmutiouio \vmus P0’tftun’nied

when if was dc’sired fo study flue effo’c’ts of

1o�ovu’ o’ouno(’n(rmutiouns ouf HSA otto ANS flu-

orescemuo’e. Alit1uofs (10 Ml) ouf mu soulufiumi

eoon(muiniitig 20 .o�n HSA tumid 2.25 �m ANS

��‘ere added too a 2.0-nil solufiomu ouf 2.25

�2:�I ANS. Affo’r oath additioumu flit’ ANS

fluoro’scc’nico’ � mo’musured mit 475 mini, with

excifaficumu mit 400 mum.

Titration (if lISA 1(’it/I _! V0S. Tho’ linuifing

fluorc’sccmice (it., whuc’mi AXS is ccumplo’fo’lv

bound) w’us (lien uso’d (o do’fermimue (lit’

amoumut ouf ANS bounid mimic! free mit o’much

poin( on mu fifrafioun tof HSA with ANS.

Alioiuofs (20 �I) of mu soolutiomu coonfaiuuing

ANS (199 �m) timid HSA (10 �n) wo’ro’

addo’d to 2.0 ml of HSA mit (ho’ smume (‘on-

cenfrafionu, and (lit’ ANS fluooresco’muo’e was

measured. ‘Flit’ fluoro’sco’mico’ of ANS iii

buffo’r was mio’gligihhe mit fhio’so’ uvavo’lo’migthos.

Calculation oJ Results

‘Flue concetu(ra(iooti of bound ANS in o’muo’hi

solutiomi was calcuhmuted using (ho’ eolumu(ion

ANS1 = X 2.8 �2M

where ANS� is flit’ coonoc’n(rafioiu of bound

ANS, P� is fhio’ oubsc’rved fluourescenuce, mmcl Pd

is flit’ fluorescenice oof a soolution confaimuing

2.8 �n ANS aiid 36 �L�1 HSA, umuder which

condifiotis the ANS is completely boutud.

The concemufrafiomu ouf frt’c’ ANS (AXS1)

u�’as (lien calculated by subfractmoon ouf the

bound ooumucemifratio)nu froom the total. Ro’sul(s

were plotted muo’cordinig too flue mefhuoud ouf

Sca(chuarc! (11), using flit’ o’xpression

= - 1�Ka

I)t’m� nioult’ ouf prO)tt’imi, a (ho’ nunubo’r cof buimuc!imog
sites, � flit’ assotiati(umi ototisfmitit , mimic! A

flue coomico’mutratioomu ouf fro’o’ � ‘Flit’ pltof tuf

ii! agaimust i’ \\���5 (‘l_iI\’t’d, mimic! buimuc!imog

I)mirmunio’fc’rs � oubfaimit’t! by i(o’ratiomi mu
(hue eojua(ioumi

1 = � �

1 + , A I + K�, A

mussitnuitig imu(o’grmtl mounil)(’rs for ii , atit! a 2

RESULTS

J?i1o(ling of’ lophenoxic and Iopanoi(’ A (‘1(15 to

us_-I StiUlie(l 1)/I 7’ryptop/oa a l�lVOiCsCC1l ce

Queue/i ing

‘Flit’ l)0Oft’iui fluoro’sc’o’moo’o’ to!’ HSA wmus

quetichic’d l�’ both ioophio’mitoxic tumid itupano)ie

acids amid wmis mulnuousf abouhishio’cl mut high drug

O’O)iio’t’Ii(tmifitutus (Fig. 1 ). ‘IFhuo’ profc’itu flu-

ort’scemi(’o’ quo’moohunig vmurio’cl (!irec’t ly �vithi

the (omuc’o’nu(rmut ioon oof ioophio’tiouxic muoid until

drug miti(! proto’imu wo’ro’ ioro’sd’mu( iti (‘cjltiuuiOlar

amtouiuts, sugges(inig (limit at less (humun

ecjuinuohar to otuoo’mifratiotus iol)huetuc)xic acid is

St oiehiionie(ricmulhv bounti to u HSA.

‘Fhio’ \‘murimu(icun mi fluooro’sco’nut’c’ c�ueiuohuimig

as mu f’utio’fioon ouf iopanoic mucid to unuc’emitia(ionu

wmis curi’o’ch ouver the whioule range sfudio’tl,

indiomitimig (limit this drug � bouttid nuouro’

wo’miklv by HSA (I”ig. 1).

Binding of’ A X0S to HO’iA

ANS humid very low flumouro’sc’o’mio’emu wafer

but becmume highly fluoro’soenut onu bimutling to

HSA, tumid (ho’ o’missiotu maximum wmus blue-

shifted from 520 mini too 465 tim. ‘Fhie flu-

orescetico’ iof btounc! ANS remuehued a phmuto’au

at ro’lat ively hoow HSA ooncetitratiomos (ap-

prouximmitc’ly 30 j.t�I), so (limit tutu o’x(rapouimitiomo

was nuecessmury to obtain (ho’ limiting fluouro’s-

co’iic,o’.

Bimudimug studies usimig fluorescenict’ en-

huanc’emc’mut depemid oti (hue assump(iomi (hat

the fluouro’scent oiuamutunu vic’ld is f hit’ sanue

four ANS l)ooumid at each HSA site. Sevo’ral

pieces of o’videnc’e suggo’st (limit (his mis-

Sumj)fitutt is justified in (lii’ presc’nut case.

1. Mixtunres tuf ANS arid HSA excited at

280 mum omit light at 465 tim as a result of

eniergy trmunsf#{128}’r frounu flit’ profo’itu to (lie

l)ound dyo’. ‘Fho’ fluooresc’o’noo’ o’nuissiomu spectra



(Drug)pM

Wavelength nm
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of soo!utioons cotifmuimuimig van.ioous rafioos of

HSA tint! ANS are shoown mu Fig. 2. As the

ratio of ANS to HSA imucro’miso’cl, thuc’ro’ was a

do’cro’muso’ imi the prooteimu fluoreseemice at 340

mum tumid mu concurro’nif imicreast’ in flit’ ANS

fluioorescemiee at 465 nini. ‘Fhiero’ was an isoo-

o’missivo’ pouimit at 410 tim, suggest ing that thuo’

cjuianfum yield was o’omustamuf up too mu sat urmu-
i�t� Of 3.7 moult’s ouf ANS �er moult’ ouf profeimu

(12, 13).
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2. The fluoro’seeiuc’t’ hifc’tinio’ of ANS boound

too HSA ro’maimued coumusfmuni(, at 14.8 nset, up

(to a safurafitonu ouf 3.7 moult’s ouf ANS per

nicole of HSA (‘Fablo’ 1).

3. ‘Flit’ o’missioun maximum is 465 nnu muf

sat urat io)tis of 0.2 and 3.7 nuoules oof ANS pt’r

moult’ oof albumin (Fig. 2).

‘Flue Scafcluard j)louf for boinding of ANS

(to HSA is shoowmu iii Fig. 3. Tho’ p1out is

muoomulituo’ar, imidicafitig flit’ pro’st’muc’e ouf muro’

F’mt;. 1 . Qoicioclo ilog oof attooono iii fl000)reseeloee by ioopa owie a 10(1 iopheooo.rie acids

1-ISA (3.7 jiM) was tilrmuted with ioopmumiuoic acid (S - #{149})our ioophemiooxic acid (s--- -�. Flutoro’st’o’mmo’e

wmus muuemostmro’(i at 340 mmiii,with excitat loon mit 280) mimu.

U)
C
U,
C

U,
U
C
U,
U

U,
0

Fin. 2. l”toooresee,oee enoissioio spectra oof atboinoioo-A.VS iooi.rturcs

Excitat loon wmts at 280 nmuu. Curves a, b, o, d, arid e represemut 0, 0.35, 0.7, 1.0 and 1.25 muitules oof ANS

bouund per miuoole of albuimnin, respectively. The isoemuuissive Ioouimut wmus presemit up to mu value ouf 3.7 muuoles (of

ANS bouumid P�’� iuiole ouf lISA.



‘l’Amomi: 1

Fluoresce ooce tifet moe noeas oireiioeiot.s

Fluooreso’emuce lifetimuues were muueasured in 0.1 M

phoosphmute bumfTer, pH 7.4, with � NmuCI at
25#{176}. The values givo’mi mire the muuemins oof eight

muueasuremuuents ± 1 SI).

Solution

otsec

19.4 ± 1.0)5

04

02�

14.8 ± C.6

14.9 ± 0.4 -0 3

18.9 ± 0.5

13.0 ± c.:�

15.4 ± 0)3

thimiti ootue sc’t ouf hinidimig sift’s. Tho’ (urvo’ wmus

fitfo’d by i(t’rmuficomi, assuming imifegrah muuni-

hc’rs four an tumid � . A smufisfmuofory fit wmis

OOl)ttuitut’d ivithu a i = 1 , ii 2 �, K,, � = 0.9 X

loot :�t-’, tumid K,2 = 0.i3 x 10#{176}M�1. The curve

o’ouulti miouf Ix’ fitted mussuming in � = 2 tumid
2 2.

I�ffects of IO/)/iCfl O.t’i(’ and IOJKlfl oic -1ei(ls on

Fluorescence of’ Boun(l A

Jopanoic and iophefl uric aci(l titratiorn 5.

A_clditioun (of iophuo’tiooxic mucicl too a soolutioutu

c(umifainuitig HSA mimic! ANS with flit’ HSA imu

t’xoo’ss, sto fhimuf mull flit’ ANS wmus boumic!,

ctuus(’d an imioro’muso’ itt (ho’ ANS fluouro’scc’tuco’,

�vhio’hu ro’ao’lio’d a niaxirnurn valuo’ ouf 1 22

at mimi iopho’tiouxic’ mu(’itl too mulbummiti rmufioo of

1:1 (Fig. 4). At gro’mufo’r ituphit’hiooxi( mi(’iOl too

HSA ratious the ANS fluoro’sc’eno’o’ loo’gati too

fmuhl slightly, until, mit mu 4:1 rtufiooof’ drug to

HSA, it was mupprouximmufo’Iy $0 ( tof ifs

ourigimimul valut’.

Ac!c!ifioun of ioupanoic mucid to mu similar

soulufioun oauso’d mu sfo’ad�’, mu!moosf himuo’mir,

do’oro’muso’ imu flit’ ANS fluourc’scemioo’ umif ii, mit

mu4:1 rmitio ouf drug too HSA, it � 40#{176}oof ifs

oorigimumil vmuluo’.

‘Fmublo’ 2 shouws dialysis studio’s catrio’d

o out too do’fo’rnuimuo’ ivhuo’t huo’r ouhso’rvo’cl o’himumiges

in fluouro’scc’noo’ u�o’ro’ o!uo’ too o’hmumigo’s ito ,\NS

bituditug. Tho’ o’oumichifioutis mitt’ Ooutuipmutmih)lt’ to)

Fmo. 3. Scato/uard ptoot for ,4 ,V5 biiodiiog to albui-
110 0 10

HSA (10 ji�i) wmis titm’muto’(Iwith ANS, mumid IIi(’

fluituresoence wmus muuemisuired (excilmutioumu mut 400 mmmii,

emnissiomu mit 465 mumuu) . The .\NS ooomucemit rat ioomi

range wmis 1-100) j.uiil. The councemitrmitioomis oof fret’

amu(1 hootmmid _\NS ‘were o’mibculmuto’d froomu t ho’ flumoores-

(emuce as desoribed imu t he text . The pouimils repre-

soemit experinuemital valumes, mimud the soolid limue was

t’oOmiii)oitetl using so t - 1, po� = 3, Ka t 0.9 X 10 �

mind K, = 0.13 x 1o� M�1.

thooso’ uso’d in tho’ fluoro’sco’tioo’ studio’s. ‘flit’

conico’mitrafioun ouf fret’ ANS wmus 4 #{176}o our lo’ss

of (he total imi flit’ Pr(’semioo’ our tib)50’tiO’(’ of

drugs.

-1 ibunt in titration s. Limit big fluourc’soo’mieo’

titrmufionis \��o’it’ po’rfornio’d, mainfmuining (hit’

rafiou of ituphuemituxic acid to) 11S�\. mit 1 : I mimic!
imicro’asing flit’ ooumico’mufrafioons of booth. As

itophietitoxit tuo’id is vo’n�’ fighufly buoound (1”ig.

1), this is o’t{IliVmuhc’tit ((0 a fifratiouti ouf ANS

ivithi a oton-’iplt-’x of itophit’tituxic’ muo’id-IHISA.

‘Flit’ �\.iNS fluourc’sco’muce n�ooso’ too mu hinuitimig

Vm-ulllo’ muf muhouf 30 uM itophit’iitoxit muc’id-I1S��,

mimutl this linuifitog fluouro’soo’nco’ vmulue � 25 �

gro’mufo’r fhtumi itu f ho’ tul)so’mice oof c!rug ( l’ig.
5mu). l’urfluo’rmooro’, flue o’nuissioumo niuaximuiuni

wmus slightly bhue-shuifto’d in flit’ iomo’so’mooo’ out’

drug froumn 465 tim too 460 toni, mutud flit’
flutoro’scemic’t’ hifo’fimo’ rouse froonu 14.8 too 18.9

nso’c’, mutt inoro’tuso’ of 2$
It cart 1)0’ so’o’n, hoowc’vo’r, fhumut mit bow HSA

coomic’o’tufrafioons (it’., high A.NS : lISA rmutious)

(hit’ �\NS fluoro’sc’o’mioewas clo’cro’miso’d in flit’

I)to’sc’tioo ouf iouphc’tuouxic acid (Fig. Sb). ‘Flit’
pouinf tuf �vhuich (but’ fluouro’soo’muco’ wmus the

satuuo’ with mutud wit ho out flit’ drug oocc’urro’o!

uuhio’n ��NS and l1S�� \Vt’rt’ prt’st’tifiti mibot)Ut
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Quimuimue siubphato’ (10 jiM) iii 0.1

N H2S04

HSA (43.5 � + ANS (2.5

j�M)

lISA (10.9 �m) + ANS (100 ��i)

HSA (43.5 jam) + ANS (2.5 jam)

+ iophenoxic micid (43.5 jiM)

HSA (43.5 ��m) + ANS (2.5 �i

+ iopamuoic acid (43.5 jiM)

HSA (10.9�i) + ANS (100,�u)

+ ioophemioxic micid (10.9 �i)

12

1#{149}0

-- - - 08

Fluorescence
lifetime A



ANS (<0.1 ji�t)

ANS (<0.1 jiM)
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<4
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ANS (0.ljiM) 4

a 1: 1 molmur ratioo. This was fruit’over a 4-

fold ramige oof ANS timid HSA coumuoo’nfrmufioiu.

Sinuilar fitrafio Otis wo’ro’ po’rfourmed wit hi

ANS mit mu fixo’d to umuco’mutrat ioumi aiid immcm’c’musing

c’omico’nfrmut iouns of 1-ISA mimic! iopanooic acic!

U)

C

3

U,
U
C

U,
e
0
3

(Drug) jiM

FiG. 4. Effect of iopanoic aiosl iopheiooo.rio aci4s

010 fiuoresceioce of A A’S boa 10(1 to HSA

A soolutiomi corutaimuimig HSA (41 jiM) and ANS

(2.5 jiM) was titrated with iophenoxic or ioupamuo)ic

acid. Changes in the concemutration of HSA tumid
ANS were nuot significamut. Fluorescence wmos cor-

rected four dilutiomu. Excitation was at 400 mumuu,and

the fluorescence wmis read at 465 nmui. --

iophe000xi( maid; S- - -#{149}, iopmunioio acid.

( nituinfmuimic’dmit mu I : 1 oom� I :2 mmufio). mu (his

dUSt’ if oouht! mioof be mussunied! (limit flit’ drumg

\\.mis boumud too oft’ out. fwoo disfiuuof sites toni

lISA. Au o’cjuihihriuni sit ummition �)noob)ab)ly

exist o‘ci , wit Ii i o)panoic mucid distribut o’c!

amoumig sevo’rmul si(o�s. Nevertheless fho’se

tifrmu(iomus dic! mitt mis mu oompariso)n Wifhi (lumuf

it-i flit’ l)1’t�5eti(t’ t�of iophitnioxic acid.

‘Flit linuitimug fluoorescc’mice i’muluc’s wo’re

$80 , (1 : 1 rmu(io) tumid S0� (1 :2 iafio) ouf

that oobfaimied with HSA muloumue. Jmu each cast’

flit’ ANS fluourescemucc’ was lower (loan (hio�

confrool valno’ ouver tluo’ �vhioo1e tango’ oof lISA

ctunuot’mu(ra(iiomu. ‘flit’ ��NS fluouro’sco’uuco’ lift’-

fin-ic mu fhici’ pro’sc’Iico’ ouf a 1 : 1 rtifiou oof ituptimiouio

ti(’i(I fo’ll froum 14.8 to I 3 nsec’s, mu t!o’o’remuse too

88 o ouf (lit’ ourigituab value (‘Fablo’ 1).

A V�’ titrations. Figitro’ 6 shoows (i(rafiomis

of HSA an(1 tof flit’ HSA-ioojoiuc’mauxio acid

complex (1:1) wit Ii AXS. At amt ANS

ooncemif ration of 85 JAM (lie fluoro’so’o’nce in

flue muhs(’mic(’ tof drug mo’muchc’d a vmuhlo’ cooi.-

respoomudnug to 3.4 molt’s of ANS booumud per

molt’ of milbunuuti. mi the prc’so’noc’ ouf dm’utg

(he fluoresco’muo’o’ � 40 #{182}loss fhimitu (lit’

comufroul valumo’ tumid represemufo’d 2 moles tof

ANS bound pt’n’ moulc’ ouf HSA, tussuming iuo

thange in q umunuf umm idol. The fluouresc’o’tuce

lifefimo’ (uf boumid ANS was slightly iii-

creaso’c!, from 14.8 to 15.4 musec, in f he

presenuo(’ t)f iophuo�’tituxio acid (Tmuble 1),

inclio’mifing that (ho’ diuanu(um yio’ld was

slightly imicreaso’tl. This suggests (hat fh(�

value of 2 moles of ANS hound per moule of

albumimi represc’nfs the upper limit four this

figuro’ amid (hat 1 moult’ o)f iophut’tioxic acid

T-�IoLE 2

Eqoiilibriuuin (lialysis stoidies

Studies were cmurried out iii equilibrium dialysis cells (Chemicmil 1-�umbher Coonupany) which o’olutmiimue(l

mu volume of 1 ml ton each side of the menubramue. Solutions were allowed to equilibrate for 16 hr at 22#{176}.

The concentrations of ANS mu sides 1 and 2 of the menubrane were nueasured by diluting an alioiunotwith
an equal vuluinue of lISA (40 jiM and 80 � respectively) amid muieasurimig the fluoorescemuce. The bower

limit of this methood was 0,1 ji�i ANS, and stanudard curves were limiear up 1(0 30 jiM ANS.

Before equilibration After equilibration :�NS ohs-
_________________________________- . � placement

Side 1 Side 2 Side 1 Side 2

HSA (4OjiM) + ANS (2.5jiM) Buffer ANS (2.5jiM)

lISA (40 jiM) + ANS (2.5 jiM) +

iopanooic acid (40 ji�i1) Buffer ANS (2.5 jiM)

HSA (4OjiM) + ANS (2.5jiM) +

ioophenuoxic acid (40 ji�u) Buffer ANS (2.6 jiM)



(Albumin) tiM (Albumin) pM
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Fm o . 5. EfTect ooJ oop/oeloo.roo aol 0/ (000 fl uoro.sccooce oof A .\�S booo,ooil tou (It!) 0)1100 10

a. Limuiit hug fI uiouro’so’o’mice lit rat ioomt.ANS (2.8 jiM) wmus tit rmuteol with USA our with lISA mimttl iouiuhemioxic

aciol muiaimutmuimio’ol at mu 1:1 m’atiou. #{149}- -s, I hS.� aloumie ; #{149}- S, I ISA :imitlioophio’muooxicacid.

b. EfTect mit loo’v m’mit lois of ANS too lISA. ANS (2.25 jiM) w:us t itratc’d wit Ii liS.� :tboomie(� ---- oor with

HSA mumud ioophiemuoxie multi muimuimit mu mueoi mit mu 1: 1 ratito (S- -�) . Excit mit loomi ��mus mut 400 mimiu, and fluioro’s-

cemio’e usmis i’o’aoi mit 465 mtmiu.

I’)

C

3

U,
U
C
U,
U
U,
U,
0
3

Li.

(ANS) pM

Fmu. to. J’�’JJect o)f uooploeoooo.ro 0 (001(1 (000 titrob 0000 of

(itbOillOilo oi’it/o A.V�S

lISA (10 jiM) wmos titrated with ANS, amid the

11 uiooreso’emuo’e �s-mis muio’musumreol at 465 mimiu wit Ii exo’i t mu-

I loin at 400) mumui. #{149}- -S. muoo ioplio’miooxic told;

#{149} - #{149},ioophiemioxit’ at’id (10) jiM).

dispbmuo’ed 1.4 or mmuro’ moult’s ouf ANS. A 2:

nut no oof ioopluo’noxic acio! too HSA mo’sulfo’d in

oonl�’ a 10’ furfhio’r docremiso’ in ANS futures-

ceno’e. 1)imilvsis o’xperinuen(s were omurrio’d

tout with 10 JiM alburuuimu munid $0 jiM ANS.

Umucler these comuojitiourus mudc!itioumus oof 10 jiM

iophiemiouxio’ acid displaced 14 jiM ANS froutii

(lie albunuiti, thus oomuhrnuitug (hmu( muboout 1 .4

niojles of ANS wt’re !isplaoed pot muuolo of

it ophiemioxic micid muddo’d.

�\,f low ANS : HSA rtifit)s f hut’ fluooresco’muee

imi ( hit’ I)l’t�5t’ti0t’ 0 of it opbio’mio oxio muoid �

hiighuo’r (limumu in its muboso’mio’o’. ‘flit’ oroussouvo’r

po)ittf 0 uo01IITO’d! tut ttboo out c’o�uini(ulmtr c(omuoo’mu-

trafioomus oof �\.NS amut! I-ISA. This is itt close

mtgrt’o’nio’nt with flit’ no’i’o’n.se tifrmufioonu shio�vii

ill 1’ig. Sb.

‘Fift’mufi Otis 0)f� FIS�� mimic! iobomumio oie muoid

(1 : 1 tunic! I : 2 ratios) with ANS � also

l)t’mftOt’flit’d! Itt o’muo’h o’musc’ (lie �\.NS fluort’s-
o’ence \\���5 !ouwo’r flimumi iii (hut’ abust’tuc’e oof drug

o)ver flit’ ivhuolo’ _\.NS coumioo’mutrmifitomi rtumoge.

‘Fho’ himuuitimug vtilumo’s \vo’m’o’ 14 � timid! 24 #{182}
less, td5�)t’0’ti\’t’ly, hian flit’ tt)ii(Io)h vmulue.

I)Isc__u’ss_nON

‘l’hio ‘ spoof to usro u� oio t 0 ‘rhimuioj nes ust’d imt t his

stud!\’ d!c’muuomustm’muto’ sigtuifiomutif t!iffo’ro’rio’o’s imi

flue buimuding oof io)phio’nouxic tumid ituptinitoit muc’it!s

to FIS�\. ‘Fhut’sc’ diffo’ro’micc’s hut’lp (to o’xplmuinu

the numurko’c! t!issinuilmurif\’ oof l)himulnituco okitit’fic

profilt’s of’ the (woo d!rugs (1-3).
Iouphuo’miouxic mimic! ioopmumioio tucids mulmuuoost

00 otiipit’ft’lvt�ut’mioli thio’ l)t00f0’iti fluouro’sco’mice

of lISA. B0)(hi c!rugs o’xliibit ti 1)1010 ‘tiabole

al)soorbomumuoo’ mit uvavo’lo’ngfhis bo)tigo’r thmuti 30()

nnu (iouiohc’moooxio acid, X� 320 titii, #{128}= 6.25

X I0�; iOul)tut000it’ tuc’itl X100�( 311 tunu, #{128}= 3.27

X 10:0). It is tho’ro’fiore likely thimut the
quo’muo’biimug oof flit’ try jot o ophutumi fluoro’seo’muco’ is

duo’ too dijoo ohe-dipoulo’ o’muo’rg frmunusft’r frouni

flue (rypfophitimu to flit’ boumut! t!rumg.

‘Flue dli’grc’e of fluoreso’emuo’o’ c1ueuuchimog boy

iopluo’miooxic muo’icl is lino’murly m’o’lmufed too flit’

antoounf ouf dnug add!o’t!, up too mimi eciutinuolar

coono’emifrmutioumu ivith albunuimu (Fig. 1). This
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prcovides strong o’vido’mieo’ thmut it ujohio’nooxic

ticid himicls very tightly to mit lo’ast omit’ sift’

oomu flit’ lISA mooheoulo’, ‘Flit nuaxiniunu o’tu-

hmunitenuc’mut ouf (he fluoresc’o’mice ouf flue ANS-

lISA t’tuiiipbt’x mit a 1 : 1 rmuficu ouf drug too

proufc’imi (l’ig. 4) su�)pourfs fhis conclusioomi.
‘fhe o’ffo’ct (of ioopmumioio’ tidid ton flit’ joroto’imu

fluoorescenoe im� cluiito’ diffo’ro’mut , imu fhimut the

j)lOOf of fluiort’scc’mic’o’ migaitisf coontt’mifrafioun ouf

t!rug is o’urved (l’ig. 1). It is difficult too

clc’rive (tic’ bindimug param(’to’rs frounu (lit’

fluooro’scemuce c�uo’muchuinug fifratioomus, mis bind-

ing mit differemuf sift’s may c’auso’ vmuryimug

clc’grec’s t)f c�uemuchuiiug. Evo’mi imu flit’ extr(’mo’

dtt5d� uvhuemi quenohunug toccurs mis mu ro’msulf ouf

loitiding at outily oomuo’ �itc’, if mmuy hot l)c

jooussihle ( to derive (lie disstuciafio on comusfamut

from such mu fitration. Bimuding mit oothio’r

sit(’S 0)ti the j)rotc’ilu may rc’sult imu coumpetiticumu

for flit’ muvailable drug, mimic! (huts mu higher

appareno t’ dissociation constanuf wi 11 bc

derived. Price and Radda (14) have corn-

sidered (his case iii somc’ detail mu rc’latiomu

too (he bimuding of XAD� to glycermuldehyde

3-phiosj)hate dehydrogenaso’.

The ummiusual j)hiarmac’ookimuc’t ics of iophuc’-

noxic acid is likc’lv too be mu comisc’quence of

the vo’ry tight jor(o(t’imi boinding uf (his

compoumid. At lc’ss fhumumi mu 1 : 1 rmufio of

iophemioxie acid to HSA, alnicst mio free drug

w’oulcl ho’ avaihmiblo’ four c’ifhier nuefabolism or

o’xcrc’fiounu. This wo ould t’xplaimi (he critical

clepo’mudenee ouf rtutes of o’xcrefio)mi mind

huepafic ccomijugatio)mu (oh plasnua ho’vels, as

well as thut’ niturkecl o’ffecf of plasma prcotc’ins

(on tho’ tissuc’ slice muccumulaf ion of icophio’muooxic

acid (4-7).

The fluorc’scc’nt pmoub)o’ANS bias i)eo’n used

to imuvo’stigmu(o’ furfho’r the imiferactioumus of

iophio’noxic tumid iopmumitoic mucids with human

sc’rum aihumimi. Webo’r amid his coolbo’agues

(15, 16) havo’ shuowmi (hat ANS hinids to fivo’

sifc’s on houvimue st’rum mulbumin timid have

demtonistratt’d c’ucopo’rativo’ intt’ractiouns he-

tweemi sites. AXS binds fight by to HSA with

a large fluoresco’nco’ o’tuhanco’mc’n( (about

300-fold) whuo’tu compared with AXS in

l)uffer. This emihanuoo’nuemuf is mucco)mpanuied

by a 55 nm blue shift imu flit’ o’missioumu maxi-

mum, from 520 nm iii buffer too 465 tim when

l)oumud to HSA. Thic’ fluooreso’enco’ lifetime of

the hound ANS is 14.8 misc’c. Tho’sc’ fo’atures

of (hue bound ANS fiuoresco’nce suggc’sf that

(lie dvo’ is sifumufc’d in mu hiyo!rophutobic aro’tu oof

thuc’ j)m00f0’ihi with hinuito’d acco’ss ouf solvo’mif

(0 flit’ dyo’ amid/or himifc’c! mobility oof stulvemut

nuolo’c’ulc’s muroouncl thc’ ANS binding site (17).

Sevo’ral l)i(’(t’S ouf o’vido’mioo’ hiave beemu

pro’so’n(o’d too shuouw fhuuf flit’ d�umumitum yield (of

fluorc’soo’mice of ANS btound to HSA is

o0)1isfmitif ump too mu smufutrmitioun o)f 3.7 moles”

mo)le.

If is fhiert’foro’ possiblo’ to) uso’ fluorescence

mo’asuro’m(’mufs too sfudy (hut’ binuding of ANS

(0) lISA. ‘Flit’ Scatoharol Pl00f is ourvc’d auto!

was fif(o’d by assumimug ouno’ tight amid thro’e

u�i’akt’r himidimig sift’s. 1’urfho’r o’videmuo’o’ four

(lie pro’so’mice oof (utid’ tight ANS boimuding sift’

is pr(ovidlo’d l�’ flue orossouvo’r poouuts tif

equinuoular oouruc’enitra(ioons ouf HSA mumid ANS

iii Fig. Sb amid l’ig. 6.

‘Flu’ bimidimug ouf iouphit’tiouxit timid! ioptumuooic

acids too thi(’ ANS-HSA (oumplo’x ro’sulfs in

chimumugo’s in (ho’ ANS flttouro’sco’no’c’ whuio’hi tire

comusidc’rt’d sf ro ohug o’vido ‘mice four co onufornimu -

fional chiangc’s in (hit’ mulbunuimi nut olo’culc’.

Ait imuc’ro’aso’ in fluo oro’scc’ncc’ is o ubst’rvo’c!

uvhemi iouphio’niooxic muoid is muddo’d too mu solut(ioomi

of AXS amic! HSA, imu whiohu (ho’ ANS is fully

l)oumid (1�ig. 4). The fluoresco’muo’o’ memuoho’s a

maxinium of 122 � whiemu iophc’mioxio ao’ic! is

pro’st’muf imi mutt c’ciuinuolmir t’cmuo’o’ntrmuioomu �vithu

HSA. Sc’vermuh points suggest (limit flue imi-

crc’muso’ imi fluouro’st’o’mioc’ is oluc’ (o� mun imioro’muso’

in (lie oiumunfum �‘io’ld oof �\NS l)oUmidl to ifs

fight sift’. (mu) 1)imulysis stumdies havo’ shiowmi

loss flumumi 4 � � ANS fro’o’ imui(iallv. (b) ‘Flit’

emuhimutioo’ment is unlikely too ho’ duo’ too dis-

plaoc’menf ouf ANS to alto’nnafive sift’s with

higher ciumimufum yield, mis thc’re is mito diffo’r-

o’muco’ imi (he oiumumitum �‘io’ld of flit’ vmuriouus

sift’s miormmullv available for ANS binidimug.

(c) Thuero’ is mushift mu (ho’ t’missioti mmuximurn

frounu 465 tim to 460 nm (d) ‘Flue fluoomo’soo’nce

lifc’fimo’ is imicremusec! by 28 0, froonu 14.8

miso’c too 18.9 nseo. (o’) Ati o’mihimimucemo’mif is so’o’mu

omuly whiemu ANS is present in lt’ss thiamu

equimoulmur oonco’ntratiomus with HSA (Fig.

Sa amid b amid Fig. 6).
If is thio’rc’foorc’ likely that the very tight

bimuding of iophuo’nouxic acid to omit’ site per

nicole ouf HSA results imi mu change in (lie

muhbumin structure. This camu be deto’cfo’d as a

ehuamugo’ mu flit’ quamutum yio’ld of ANS boutmic!

to its tight site. Furfhuo’rmo ore, flit’ results

I)ro’seiufedl in Fig. 6 sumggo’sf (limit loiniding of
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1 molt’ to! iojohuo’miooxio mucid (tutu Olisl)htuto’ nut uro’

tI-uaui 1 o’ciuivmubo’mit oof ANS froonu its wo’tuko’r

bimuditug sift’s. ‘Fhio o’fIo’o’f is pro’sumuumululy ro-

lafo’d (0) flue tlrug-imudluo’o’tl co omufoonnuat io otimul

(huanigc’.

Itupmumituit mueitl o’muuso’s a do’oro’mise in flit’

fluoresco’muco’ ouf ANS bound too HSA (l”ig. 4).

This is hiko’hy too lot’duo’ too mu !otto’must’iii flit’

diumutitunu yio’ltl out’ ��NS bouututl too its tight

sift’. Limititig fluomo’so’o’tioo’ studio’s itic!it’tuto’

that (here is 10(0 chisjolmuc’o’mo’muf ouf ANS t’rounu

flit’ pt’tuft’iti, up too mu I : 1 tmutioo out’ o!rutg too

lISA. I)imulvsis sfuohio’s (‘Fmiblo’ 2) ooummfirnu thmut

tho’ oobso’rvt’d I 2 � o!o’oro’muso’ imi fluomo’soo’noo’ is

iuot duo’ etifiro’!y too ANS t!isphmuoo’miio’tu(.

F’urfhuc’rmoro’, fluouro’sc’o’mico’ hifo’tinio’ stuohio’s

shuoo�v mu snimull ( I 2 #{176}� ) but sigmuifumitit d o’o’mo’mist

imi flit’ hifetituio’ oof ,\NS booumud too HS�\. mut mu

I : 1 rmut it 0 0 of it opmuno ole muoidl t o o HS:� , ‘Flit’

dt’orc’tuse ito qumunfunu yield ouf \.NS boootttio! foo

lIS�� is j)1�t0b0tub0l�’ oluto’ too mu olimutgo’ in flit’

proott’imi sfruio’fuim’o’ inoiuo’o’d by ioojomunooio’ muo’iol

binding. If f his itifo’rj)mo’fmifitu!m is to mt’o’ct , it

means that it oplio’tit uxic’ timid ioupmumiooio’ muoid!s

induct’ t!iffo’ro’tm( clumumigo’s itt (Ito jumooto’iti

oomuformatio 010 ivhio’mi fhuo’v bitud.

(1hiamugt’s it) (hit’ stmutoturo’ oof mulhttmuuimis humuvo’

ljc’o’iishuoo�vti mus mu ro’sttltoof p11 clumumugo’s(1$,

19) mimic! cuf boimudinug of t!o’fo’mgo’mmts (20, 21)

mint! mimuiounic azoo di’o’s (22). Attmullmulu mint!

Laftu (23) l)toopt uso’d, ton I ho’ basis out’ o‘xpo ri -

mo’nfs wit Ii quo’miohuitig of’ jomooto’iti lint uto’so’c’mioo’

(limit stumt’ sfo’rouid!s joo’rfutbo tIn’ oootifltnututiootu

of mulbumitu. Wo’clo’n’ mumud Bioko’l (24) sluouwo’c!

(limit do’siprmuminuo’ l)imuditig too ho ovine so’runi

album is coot opo’rmufivo’ imi ohammuof o‘m, mutit! t ho ‘y

pro’setitc’c! soumo’ spo’o’(rmul o’vic!otio’o’ t limit. (his
i�’mus mu result of ohumutigo’s ito flit’ muhbunuimi

structure. If is shoowmu imu this ptujuor (limit

it ophetut uxic amid pro uI)mil)ly io oj omumit oio mutit! ito -

duct’ chumungo’s in flit’ stritotut’o’ out’ lISA. It hmus

furf luo’r ho’o’mi shuou�vn t limit such sf mulct ummu I

chumumigo’s mmiv ro’sult ito c!isjulmuoo’muio’nt out’

nuoubo’culo’s bouumud mit difl’o’mo’nt sito’s ton flit’

mulbuurniti nuoulo’cunlo’.This suggo’sts tItmut o!mug

imifo’racfioumis mit flit’ lo’�’o’l out’pmooto’in bitit!ing

nuo’o’o! miout l)c’ oouhusid!o’Io’t! stmio’tly in I o’rms oof

c’onupo’titivo’ clisplmuc’o’nio’nt, but nitty mulsou

ro’sulf froum cotufoormatioumomillv riuo’c!ituto’o! imito’t-

mutt iouns bo’fwo’o’n disfimic’f boitidimmg sift’s.
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