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SUMMARY

SANTOS, Em�sA C., AND SPECTOR, ARTHUR A. : Effects of fatty mocids din (lie interaction

of 1-anilino-S-naphthualenesulfomuafe with Itunian ptasisia mutbunsiut . .�hIol. P/oarmacol.

10, 519-528 (1974).

The fluorescence of 1 -amiiliuio-S-muaphithiatenesullousate (ANS) bouuud to humsian plasmuia all)u-

mutimi was euihancec! when up to 2 isioles of paluiuitate were added. Larger arnouuits of patmisi-

tate produced a progressive reductiomu fri ANS fluorescene. Saturated and unsaturated ftu(ty

acids contaiuuing 14-18 carbomi atoms produced similar hipliasic effects on AXS fluoresceutce

with human albumuimi. 1’att-v acids comufaimuimig 10-12 canl)on atoms produced only a reductiomu

in ANS fluoresco’uice, amid those containing 2-S carbon atoms had no effect. Simssilar results

uvere obtained with canine albuunimu, whereas with bovimue amid rabbit a-ibunuimus, fatty acids

jut all conceuifra(ions reduced ANS fluoresceutce. The tryptophan flutoro’scence of houniaui al-

bunsimi ui’as decremused nsarkedlv by ANS, I)uf roof by patniitate. How’ever, palmssitate 1)artimill�’

protected the t-ryptophuan fluorescence agaimost quenching by potassiumsu iodide. Equilib-
rium dialysis rneasurememifs indicated that AXS binding to haitian albumin uvas reduced

when 3 t)r mstore usioles cii long-chaimu fatty acid uvene atided per misole oof mill)ummmi, suggestim-ig

(-hat- (hue decrease in ANS fluonescemuce produced by high comucemitratiomus of fatty acid was due

to displacenuemuf of ANS front alhumimt. ANS l)iuidimig was esseuutially umuchuauuged w’Iuemi 1 or

2 miuoles of fatty acid ui’ere preseuut-. Therefore the emihatucemuiemut itt ANS fluorc’Sc’ence pnoduce(1

by lou’ o’ouuceuitratiomus oil fatty acid mippears to result- front a chamuge in the inutertictiomu of

ANS w’ith aibunuin rather thmuui frcom an increase in the amount of ANS that is bound The

data ool)ttuimsed with this fluoresceuit msioc!el conipound suggest that- flue bind�mig of soome drugs

to albumin may I)e imtflut’mucecl bo- c’hanges imi (he ptasnua free fatty acid coomucemuf-ration. Smnatl

iuicr(’ases, such mis (hose which occur umc!er ondimsany physiological o’onditioouis, are likely to

alter f-hue molecular imutermictiouus betwo’emt albumusimu a-u-ic! (hue drug without appreciably affect-

imig flue stn(’utg(hu of drug l)iuudimsg. Whemu (hue nso)lar rtutio of Ititty ttci(1 (0 alhuiuiiuu appromuclues

3, luowevo’r, a decrc’ase itt c!roug binidimug is likc’ly too ooceur.

mNTmuoDUc’TmoN ito aqut’oous miuo�dimu hut mistust he f ramisporto’d

Plmusmiumu milbumsuimi serves as flue cannio’r loon mu through (lie blood. Otte oil tite muiosf iniptor-

muumssbc’r of substamices that tire poontu- soluble ttuuit t�f these is free Itutty mucici, (lit’ loormtu imt
. . which itit is rt’leasec! Irons the tuc!ipomse tissue

Theso’ otoodies were siopporteti liv resetireli . . .
� . . loon utilization elsewluere iii flue bodu’ � 1 2

gratits frootn the N atototial Ileart mtnid Lootig In- . . .

stutute (III 14 7#{176}�1�nd HI 14 338) md the �merut iou Thut pt isnu u licc fatfu ic-ic! c oomucemttm if uomu
Heart Ass000’itttio)ti (71-895). vmtnies cOmisit!(’nal)l�1 clurimig flue c000mrso’ oil a

1 Hesetort’h Career 1)eveloopmett Awardee oof the day, respomuditig rmopiclly too o’hamigo’s imi tout ri-
Natioonial Heart coid Luoig Institute (K4-HL2O,338) . tioom, physic’mul muctivify, tumid (‘miviroominuo’mufmul
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2 The abbreviatioti mused is : ANS, 1-titiiliti(0-S-

a apht haletiesulfo mt-itote.

stimuli (3--fl) . Umider ondim-imury c’ouic!it-ioomis,

the ituotar ratio of lre(’ fatty acid to muibunsin

in luunimim-i ilasnstu vmuric’s ht’twt’o’ui 0.5 timid

2.0 (7). In ii few’ sifuatitom-is, huowevo’r, such

as tufter vigo orcaus l)Ii\’sit’tO! exo’rc’iso’ , nit olar

ratios oil 4.0 oor niooro’ havo’ bo’eiu oobso’rved

( 3, 8). Itt moc!ditioiit ti lnec’ fatty mtcid, luunsan

pimusnia tihl)uliuumu sc’rves mis (lie traiuspcort

vt’hicte ion mu vmonio’tv of o’omsurnomslv pre-

scnibed drugs. Theno’iore it is imiupoorfamit to

determine uvhe(hier o’huauoges iii fro’t’ fatty

ac’id coomict’mt(rat-ioimu wilt itufiucuice f-ho’ imifermuc-

(icon d)i this prooteimi with to c!nug.

rfllo geuuo’rmulty hueto! vio’ui is (hat phuysioo-

loogicai chstumogo’s iui (Ito’ plmosussmi free Imitty

acid (‘o)uiceui( ratio it i humuve vint utul by muo effect

t)ti droug tratispoort 1)1’ hiunstomi plmusmusto albu-

hut-i . rFhi (,t omuo’ep( 0onigimimof o’s lnomn Coo mc!-

u-ian’s observat ioomu (9) (limit- miuo’thvi oorange

binidiu-ig to liuniami albumisimi was uuuattered Iiy

the presenc(’ oil up (ci 2 rosomles ooi fatty acid!.

The equilibniuuit dialysis studio’s oil Hudmiumomu

et al. (10) suppoorted (his view, for drug

bimuding (ci albunuim-i was unc’loamugt’d until

muuore thami 3.5 nuolo’s oil lmiffv acid were

added. Certain oil oman studies with lsvdrooxy-

pht’muyltozo obc’muzoa(o’ mulso�i suuppoorf- this iu( t’r-

preparatioomu ( 1 1 ) . Usimug e(1otiliI)niuul-ui c!ial-

-vsis, w’t’ ooi)served no signifit’mont c’himimige in

hyc!roxvpluo’mivlmizobemizoat e bindiiug (0) hu-

u-smut-i milbiumsuimu umutil 3 nioles oil fatty muo’id wo’re

added. Hcowever, toni imu(’ro’miso’ imu cc’llultur tip-

takc’ iii hydroixypho’moylmuzobo’mizoate was

miofed w’hso’mu omuilv 2 iusoiles oil l’mott�’ ao’ioi were

present- ( 1 1 ) . Soirne ac!oli( it omual quest iciltS

wero’ raised by fluoreso’ence studies wit Ii

hovimie plasmismi aibuusiimi tumid 1-a-usitimioo-S-

naphifhsmult’mio’sutftousmufo’, mu nitoclel ligauud whose

bimiding (‘tim-i bo’ rouonitored by sensitive slice-

( nophot oflucoromsuet-nic f ecluisic1ues ( 12) . A(Idi-

tit)ti cml 1 ton 2 ifl(iieS of ttimog-t’himuiut imttty mucicis

pertunhec! ANS2 flucoro’sct’uico’ (‘veil (hioiuglu

hindimig too bovitte mithiuiusimu, mis nsemosoured by

o’ciuihibniumui c!imilysis, uitis uitot o’himimogt’c! sig-

muificmtnfly (13).

The ANS limudimigs suggesto’c! (loaf o’vo’tu

suismull o’lianges itt ireo’ l’motty mucici o’omico’mi(ra-

(ion night imofluemoo’e (Ito’ iuift’rmictiomi oil tins

dorgam-iic ligmuusc! with (lit’ so’c’ouud!ary bimudimug

sites oil mull)umuiiil, tot lo’asf tot- flit’ nioolo’culmtr

levc’l. Before attemssptimig to o’xtemtd tho’se o)b-

serva(iolss to drug bimsdimig, liouvevo’r, we

o’oissidenec! it inuportamif ( oi determimie

whetlio’r flue fatty acid o’ffects tin ANS

fluooro’sceuu’e aisco coccurred with milbuisuimis

tither (hami bcivine l)taslsimo mulbuisuimi. Tliis wmus

thought o lie muecessary l)ecause of (he many

diff’remsc’c’s that- are kmsow’n to o’xist bt’tweeut

albumiiimss Irons vaniomus species ( 14-17).

Thio’ro’lomre we have exfemidc’d (lie ANS

fluorescc’iuce studies, placimug particular em-

Phasis on huumssmon aihuissimi because of the
need loin prec’iso’ty dc’fimuing the effect oil free

l’muftv mucids imu nsams.

in ETHOI)S

The serumsi albunsims, ool)fmuimio’dI iromsu \-lites

Labo irtutoonies , uvere tretof ed wit ii charcoal

(0) remcovo’ inherc’nt lmuttv acids, a-mud tho’ui

dialyzed (18, 19). ANS, purchased from

Eas(-nsaiu Kodak, was recu’ysfaltized froomu

wa(o’r amid dried at 110#{176}for S For (20). The

pno)t(’in scolutitins ui’ere niac!o’ up to) o’oomitain

0.05 ii sodiuuuu l)luolshihate tumid 0.1 ii XaCl,

1�H 7.4. Pro(eims coomocemifraf-icimi was defer-
miuimuo’c! l)v (lit’ biuro’t msso’(luod (21). Ftitty

acids of 99 � ton greater purity wc’rc’ pur-

chased im’oomn o’ither App!iec! Scjeuuco’ Ltibora-

toonies o)r (he Hormuio’i luistitute. TI-ic fatty

micid-miihioumsiiui ctoniplexo’s wo’ro’ jirc’ptured by

iusc’ubmu(imug somlutiomos oml (hut’ prcoft’imi with

fatty acid-coated (1o’li(e (22). 1’af(y acid

couiteuifrmu(ioiui titus clo’tc’rmiuiuso’d by titrmotion

(23) . Pa-mutate soilutioius o’rotuftuimiiuig muo

pno(o’in uvt’no’ pro’pared li:i’ clissoolvimug a inca-
sureci qumi-mufity oil st)chuusi iimotmiuita(o’ mu wmurmss

1120 timid moc!ding (lois clroopwist’ tom a Imorge

vcolumsse of biuffo’recl salt sojlutioous (hat was

beimug s(irr(’d! isut’o’lsanuio’atly. LTsirig this

nut’thuo od , 0 ip(ic’molli’ o’lo’am’ so olaf it otis uvert’ ooh-

(muitto’cl mis long mis (Ito’ flutmil scodiumsi pmolmssifa(e

o’oomicenfnmitiomu did tioo( o’xceed 25 .oum.

Ituores(’t’muc’o’ nieasuro’museuot s wo ‘no‘ nstode

using a Hifachsi Po’rkin-Ehuso’r miiotlel \IPF-

2A fluoresc’eno’e spt’t’t roplotof ousi’f er et luil)ped

with a ro’o’orc!(’r. A (lio’nisiostmuticmullv cciii-

(roillo’c! Lmiuc!a Ic-2H uvmit o’m’ eiro’ultito or miiaius-

(aim-icc! flit’ (emsipo’rafuro’ oil flue c’o’ll hoilder

mit 25#{176}.rflid rmttio ro’o’oircling iuioode oil ompera-

(itoh WtiS OOS(M! (0 o’hitusiiiafe fluctuatiojuos of

(he so ounco’ output . The fluooro’seenf o’msiission

(limit \\tis oobtmuimued as s0000n mis (lot’ somlution
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was prc’paro’d did noit change oover (he course

of 0-8 hr. in nscost cases, luow’evc’r, flue fluo-

rescemuce nueasunemsuenfs uu’ere nuade abomf 1

hr after the solutions were preparo’d. I”atty

acids always were added (to (lie albumin

before ANS uvas added. The atbunsin comu-

centrafiomi was 5 �um iuu msuoost oof the fluores-

ceutce o’xpo’ninit’muts. Excita-tiomi mimic! (‘litisSioti

slit \vi(Ifhis w’c’re set at 4 mum, mind (he light

pat-h of flue c’uvetfe was 1 cm. Auu exc’itatiomu

w’avt’lo’ngth oil 3�0 mini was used Icon flue ANS

expenimsiemsts, timid the flutorescemut c’muuissiomi

was reo’ondo’d betuveemu 400 amid 000 tons. Fcor

imitrimisic fluort’sco’tuce studio’s, excif at iouo

w’avelengths oil o’ither 280 on 295 mint were

used, and the o’mnissioui was recordo’d bet weo’n

260 and 350 mini.

ANS himuding too human aibumssiui was muuea-

suned I)y equilil)nium dialysis (11). The dial-

ysis cells amid nsembranes were purchased

from Bel-Ant Prooducts, Pequanriock, N. ‘V.

( nsodo’l 250) . Before otso’, flue msiembrano’s

were placed itt b(iiling dhtilled wat-o’r timid

then soiaked for 48 hr itt fresh distitlo’d water.

Prehiniimmry incubmutiouus at pH 7.4 denscimu-

strafed (limit mio’itluer crystalline liumisan molbu-

usshi mior [ 1-’4C Jpmulisuitmi( o’ paSse(! ( hrough

these mentbnamtes uvheuu treated! mu (his

manuser. By coontrast, ANS o’o1uibrafo’c! mocross

the msic’msibramie uvithimi 8-12 hun at :37#{176}.ike-

limniuiarv imscuba-tions also imic!icmu(ec! that

less (hami 2 0:::; oil the ANS uvmus bound to the

rnembramuo’ duniuig tho’se imucuubmutkomss . Twelve

dialysis ct’lls were usc’c! in o’aoli expenini(’mi(.

Exactly 1 nil of the 100 �um albumim soolutioon

was acbdt’d tt� the left co)uiiparfusio’mot. Imi flue

right (‘oouuTlpantuusemut, 1 miii of flit! samsue sodiumii

PhosPlttitt’ -XaC1 l)uffo’r soluf ioomt t’oomitaimiimug
vaniooous mumssooun(s ooi ANS uimos ac!c!o’cl. Its-

cubafioomi \vtis t’arnio’d tout loon 18 ltr tot 37#{176}

itt a fo’msspc’rmifum’o’-c’omotm’oot!o’d \\mo(o’n iotofhu uvif I-i

shakimig at 20 oseitlafioomis-’musimnuto’. 1”ootltmwimig

imtc’uI)mo(io)mu, (hut’ ANS o’oono’emi(m’mufioon iui the

prcoft’in-free coomiupart lii( ‘nit uimis muit’mosuno’d

5l)0�d’( roopliot oiiuit’( nicaltv am-ic! , molt o’r to mrrec-
(it)ui for adsoorpfioimi to) fist’ msuo’muslirmoiue, flue

coousco’nfrmitiouts oil iro’(’ mimic! booumtcl ANS ims

the molbuunsimu soilufioiuu wt’re o’mubo’ulato’d. The

p1-11 oil thit’ soilufjc)uis oioo booth sides oil thuo’ osseisi-

bramoe ro’mismiimued idt’mufic’at dtmnimig itoo’uhitutitimi,

imic!ic’mu(-iuig (limit cconro’cfioimus loon flit’ 1)oonmimomi

(�ffd’(’( wo’re licof ric’cessmunv

RESULTS

ANOS fluorescence. As shuoiwuu in 1’ig. 1,

the fluorescence spectra oil 25 �oit ANS

boumsd to 5 jrsm plasnia motburnin differed somuist’-

uu’hat, depending on (-he species fnomsi which

the albumin was obtained. Whemi excited

at 380 nrn, the relative nsaximumsi fluo ores-

cence intensities imi flue abseuuco’ oil fatty

acids (dashed curves) uuene : bovimue, $9;

luumaui, 72; rabbit, 55 ; (‘amuine, 42. The wmuve-

length of maximum fluomrescence oil flue ANS-

albuntin complexes vmiried oomuly slightly:

bovine, 469 lint; huniamo, 406 mimiu; rabbit,

470 mini; canine, 465 mum. Two general types

oil respomuses uu’ene observed when ptulisiifafe

was added (solid curves). With (he bovims�

arid rabbit aibumins, mill t’oineemfrmoiouis omf

palnuitate produced to ro’o!uetion in ANS
fluoresceutce. The uiomogmiit tide of t hue (bt’o’nease

i)ecalsie greater mis (ho’ jomilnii(ate o’oono’o’mutrmu-

(-ion was raised. By como(rmost, witlo the hot-

man amid canimie alhumsuimss , tow t’omtco’mt( ra -

(ions cii painsif-afe prochuo’c’cl an eloII(llo(’elllent

jut AXS fluonesceuuce. ,-\t hoighio’r jomolmusifafe

o’oncentraficouus, lsow’o’vo’r, A NS fluuro’seer tee

uu’as reduced. Pmilmriifmofe chic! motif- mutton the

shape oil (ho’ ANS t’niissioomu spo-’o’(rumn o or fl-ic’

waveleng(hu t)i iismiximiitmiis fluo)ro’s(’c’m oct ‘ uvif Is

ausy ol the tulhiumssiios.

Fromsi previous misemusuno’miserifs oil [ l-’4CJ

palnuifafe binidimig too plasmusmo mulbuuniin (19),

uve o’stimsumofe (limit fl-it’ tumuboumid iomolmititmote

comucemitratioimum iii flit’ toboove o’xpt’m’imiit’nts

varied irons 0.01 to 20 pun. Thesc’ J)titmi11t mitt’

cdoncemi(ra(ioms are to mombow icon o’i(hier miiict’ltes

or gross aggregates to ionmss, bout (hey more in

the rmumigo’ whuero’ o!imisenizat ioomu mismuy ot’ctun

(24, 25). However, fluorescemic’e clstumtges wore

t--itit ohiservo’(! w’huemu ANS uias mocbc!o’cl (to

palusuitate soolufioomis ito (lois o’comoo’(’motrtoti(in

raiogo’. Thuo’ro’loro’ t Ito’ fluuo mresco’moo’o’ off cots

muo(o’c! it-i (ho’ mohooi’e t’xpo’ninio’iofs. iii uvhoirhi I lie

msio’dia o’tomu(moimoec! molhouisiimi , mthiitcmst o’em’ttiimilv

were lot)t (‘auso’d liv imu(o’ntoo’(iomtis oil ANS with

ut-iboum-id 1)milliiifmof 0’.

The effo’o’fs oil oothuo’r pliyskohmgio’tull\’ mi-

porfamit lti(ty mueicls oomu (hut’ ims(o’rmoc’tiomu of

AINS with boovimie tithiuniimo tolm’o’aclv humiu�’ hoo’etu

sfudio’cl ito c!o’(ai! (13). \Ve wished (cm o’comui-

pane (hiesc’ ro’sults with thcoso’ obtaimuec! tusimig
an tutbumsiiut ims uvhsichi iialmi-iittit e pr(oobumo’c’c!

the l)i/)/iasic ANS fluoorc’set’miee efft’c( . ho’-
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- CANINE

FtG. 1. Effect of pa/notate o,o- 1.\S fioiore.s’ce,oee .s�pectroono witlo boo’i,oe, rabbit, homan, and

c000i,oc plasnoa a-lbu-noins

Meto.suremetits were nsade at- 25#{176}ito a medituns cotitaitiing 0.1 ii NaC1, 0.05 um sodiooni phosphate (pH

7.4), 5 �ut albotniito, at-id 2.5 MM ANS. The wavelength of excitation was 380 tim. In each case the dashed

coorve represetots the spet’trtutn tobtait-ied wit-Is fatty uicid-free aliototniti. The stolid curves represetit spectra

oiitmoitoed in the ircsetice of various anloototots of paltiuitate, the tioonui)er associtoted with each stolid curve

giving the molar rtttioo of total palmitate too albommiti at- which the iiarticoolttr spect-o’um was oohitainecl.

t’ause of its inuptorfamco’, huumiumumomulhuniim ui’as

selected Ion these ac!djtioomial studies. Figure

2 ilttustrafes the effects oil several medium-

amid lomig-ehain saturato’c! imofty acids on (he

fluoresec’mice of AXS hcoumid to humamu tulbu-

Fruit-i. 1”totfy acids c’otitmuiuuimig 2-6 carbon

atO)miis had mto effect-, amid f-lie result-s ui’iili

(hose acids are muof shiow’mi. Ocfamuoa(e also

lumuc! little effect . Decausoafc’ produced nioder-

ate reductiomis imu ANS fluorescemice when

ussore than 1 nioto’ was preseui(-, w’herea-s

lmoum’ate producc’cl to reduction itt mill of the

eono’emitraficons float were tested!. Myristate,

however, euiliamiced ANS fluoresceuice ui’huen

omily 1 mole was present, but it produced a

r(’domcf-iooms when Imorgem’ aniooumut-s were todded.

Pmolmusitto(e emuhamiced ANS fluorc’sceuice ui’huems

lii) to) 2 iuuotes w(’re added, whereas larger

aiusoiuuits produo’t’d a reducf-iomi. As seen in

Fig. 3, (Ito’ c’ffo’c( of st-earate uvas simjla-r to

thumot- of palmusitafe. Figure 3 molso shouvs that

flit’ o!egnee of umssmu(urmufiouu itad relatively

lit(lt�’ o’ffect tin floe changes itt ANS fluores-

celot.t’ I)rOdUCed bY fatty mocicls conttoinimig 18

o’tunhoomo mitouuis All these mucicls enhanced AN’S

fluooneso’o’n(’c’ uvhso’mi present in-i low comsc’emu-

(ratio)mss, amid (hey reduced fluonesceutce

w’hiemu added in higher concentrations. The

ansounf oil o’nhuamicemsiemuf produced by litio-

lenate, hutiiveven, was somiiew’hat smatter titan

that prooduced Iiy the other iS-carbon at orn

acids. The coml)lete emsuissiomu spectrum ob-

t-aimued w’ith eao’h of these fatty acids imtdi-

cated (hat-, like palnii(ate, they produced

mit) muif-enat-iomu iii (he wavelength cml nsa-xi-

mum ANS fluorescemice.

rfhe enhamucemnemut of AN’S fluoresceutce

iorooduced Iiy loiv comucentrations of palmi-
(ate occurred only in (he pH range 6-9,

w’hereas the reduction in fluorescence pro-

duced hiy higher patniitate conico’nt nmitiouis

cocunred ovt’r a widen pH rausge, 6-1 1.

Studies on (lie effects of AXS ccouicemutraficoui

revealed (loaf with 5 �tuu albumiiiui the c!c’-

crease in ANS fluorescemice produced by 25

/�rii palmisifate w�mis msiaxinial i)etw’eemi 15 mum-id

50 j.LM AN’S. The eushancemutemit in AN’S

fluoirescence Jiro)duct’tl l)\’ 10 p_ui ptilussi(-afe

was miiaximsnol covo’r mu smnmolic’r couscemut rmu( itimu

ramige, 10-25 Mum AN’S.
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The Ct)tiditiOtos were thesame as those described itt Fig. 1, bout only the relative fltoooreso’o’to’e itotetosities

at 466 tom are shown.
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Intrinsic fluorescence. The effects of AN’S

on the ultnavioilet fluorescence of hiumssaiu

plasma albumsuims are listed in Table 1. Fluo-

rescence was decreased markedly as AN’S

was added, amid this uvas associated with a

large blue shift mu the w-avelemsgt-h o)f maxi-

munu fluoresceuuce. When 1 uncle of AN’S was

present- the tryptophami fluorescemuce was

decreased by more than-i 95 %. Addition of

1-3 mooles of palmitate had essemitially uioo

effect cit-i ejther the degree of quemichiuug or

the nuagnitude of the blue shift produced by

AXS. In the absemice of AN’S, addition tif

palnuifafe produced muto appnec’ial)le chamige

iii flue magutifude oil fluoirescence and only a

very small blue shift in (lie wmuvetemugth of

maximsium fluorescemicc’.

As seeuu in Table 2, the preSemso’e of hi

reduced the trvpfophami fluorescence of huu-

man atbumsuimu. Addition of increasinug

amounts of palmitmifo’ decreased (ho’ hI-

induced quenehimug. This ooccurred imu comucen-

fnatioins mit which patmisifate itself c!icl m-iot

enhance the t rypfophuati fluoresceuuce.

Equilibrium dialysis studies. Thto’ t’ffects

of oleafe and palmit-ate on ANS binding to

human albumin uvo’re isseasured by ec1ui-

hibnium dialysis. These data were amialyzed

by the method of Scatchard (26), in which

p represents the molar ratio (of houuuuc! fatty

acid th albumin arid e represemits the umi-

bouuid AXS cojutcemuf ration mu nsoianity.

Figure 4 illus(ratc’s ti-ic effects of olo’mife oh

ANS binding. A comusiderable reductiomu in

AN’S binding was noted when 4 incites oil

oleate were added. The chamsgo’s iiroduc’o’d by

2 mnoles of oleate, hooweven, were so susimull

as (ci he of ques(ionsable significamtce. Thuerc’-

foire, iui tinder to ob(tuimu better oiuamititafive

estimates of (lie effect of small aniouuuts of

fatty acid, a series oil equilibniunu dialysis

expenimsiemuts were penioornseo! , usimig prepa nmi-
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FIG. 3. Effect of fatty acid uoosatoiration on .-1.VS fluorescence with huo�oaoo albumin

The cooiditions were the same mis those described ito Fig. 2.
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(‘ ‘ulooles (�of palnuitate per nutole of albumin.
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T.OBL0: 1

Effort ofA.V�S’ atod palnoitate on intrinsic finoresee-nce

of /ooonoa�o plasma (libounin

The iiiedimooui o’ootitained 0.1 ii NaCl, 0.03 um

Na2FIPO4 (pH 7.4), anid 30 toM hionian albumin.

Excittotion was tot 280 utn, mood the fluorescence

spectra bet.wcett 380 arid 400 urn were reo’torded.

Only the miiaxituutomuu relative fluorescence mind the

wavelength at wi-i io’h maximum fluorescence

oio’cimrred are listeol.

��Ns �

�

Rela live fluorescence - X,,,,,

0� 1 2 3 0 1 2 3

,�it! � units nm

0 80 77 � 79 78 340 338 338 338

12.5 � 34 � 33 � 29 � 29 3:30 330 330 328

25.0
:37.5

30.0

13
3.0

2.8�

12 � 12
5.0 � 5.0

2.8 � 2.6�

11 � 322
4.3 � 313�

2.8 � 314�

318
315

314

318�
316

315�

317
313

312

tiotus cii luunsami molhumssimi (hat- coiutaino’d 0-4

moles 0)1 palmitate. Mutfijilo’ determinations

went’ made at flour poiui(s alcomug each bnsdmg

isoflio’rns, so (hat stamudard errors for these

data points could he o’alculated. The no’sults

tire tisted in tabutar iorni (Ttible 3) because

(here was comusiderable oivenltup iui por(iouis

of (lie data, uistikiuug mu composite graphical

display appo’ar clu(tert’d. As predicted by

(Ito’ oleate o’xpo’nimt’n(s, ANS bindimtg was

reduced sigmuifica-mitly at all points wlu(’mu 3

tin 4 mssotes oil pmilmssitmtte wo’no’ addo’d (p <

0.01). \Vhc’mi 1 ton 2 uiio)leS 0)1 j)almssita((’ were

jiresemut , a t-(’mudemucy to’uvard c!ecreased AN’S
l)iusding was noted. Ito tho’se cmuses, however,

s(atistio’al comsipanisoons revo’aled that tomuty

(lie values oil u/c oobfaiuued at the highest

amoumit oil bound AN’S, 4 muioles/mole of

albumius, wo’re sigutificamt(ly reduced (p <

0.01).

Tlit’ AN’S liiiidiuug cimitmu w-ere ausalyzec! iu
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T.uom�t: 2

Effect of palinitate 0)10 iodide quenching of intrinsic

fi uorescence O)f h union aibumi-,o

The niediuoiu conitainecl 10 eu human albuonin,

0.03 M Na2HPO4 , the atuioionts of KI listed, am-id

varying anitmiotits of NaCl sti that the ioniio’ strength

was 0.4 iui each case. The fimial pH was 7.0. Excita-

tioon oo’cmorred at 293 nom, and the fitoorescence in-

tensity was recoirded between 300 an-id 400 tim.

Only the fitotorescence intenisitv at 340 nt-it is shtown.

31 units

80 81 79 79
32 54 57 63

44 46 31 58

38 40 43 53

(‘ Moles of palmitate per ni(ole of albuntin.

terms oil two imidependemut classes of albumiuiru

binding sit-es (26). In (he palnti(ate expeni-

ments, the parameters calculated for fatty

acid-free albumin are n� = 3, k’1 = S X

10� �m#{176},102 8, amid k’2 = 2.5 X 10 M_i,

where to � is the number of 1)indiutg sites in-i

the ith class (to the nearest imuteger value)

and k’1 is the average apparent association-i

constant for f-he ifh class. These values apply

ouuly to) the albumin pnepanatiO)ti used for the

palmitate experiments ; the on-ic used in the

oleate expenimemits, as scent by inspectiosmu 0)1

Fig. 4, gave slightly higher values Ion the

bindimig parameters. As the palmita((’ couu-

centration was raised, � did utot chauuge

appreciably, but k’1 decreased, (he values

being 7.3 X 10� :ui-’ with 1 mole of palmi-

taft’, 7.0 X 10� imd�m with 2 moles, 6.2 X 10�

ruu’ with 3 motes, amid 5.2 X 10� �1-u \\�it1i

4 nioles. Since the actual data points list c’d

jut Table 3 are not- significamutly differemut-

froni (he cotutrol values when 1 or 2 moles

of palmitate were presemi(, (he apparemit

decreases iii the k’1 values in these cast’s

probably are flt)t real. The rauige of the AN’S

binding data was iussufficient to issake

meaniuigful companiscouus I)et-ween (he vanio)us

102 amid A2 valuc’s.

l)ISCUSSION

The equihibriumis diatysis data imudicafe

that (he decrease in ANS fluorescemuce pro-

Y

FIG. 4. Scatchard plot (of

h uoooaoo plasnia alb-unoii,

The effect of 2 and 4 modes of oleate oomo ANS

binding is shown. Inuo’tubation � done tot 37#{176}.

The meditunu comutained 0.1 M NttCl, 0.05 tomNtt2HPO4

(pH 7.4), and 0.1 hiM alhuoosin.

cluced by 3 tor nsoine nsolc’s of Itmuog (‘ham

fatty acids per nsole oil albumin is due to a

rc’ductiomu imu ANS himuding (to albunuin. Like

AN’S, flit’ bimdiuig of a miumbc’r of drugs to)

houma-mu mulhuniiuu alsoo is ro’duced whemo mssore

titan 3 isiolo’s oil fatty tucid more added (10).

Imu amu attempt to deto’rmiiimie (-he niechanism

cii the decrease imu ANS binding, the data

pro’semted in Fig. 4 amid Table 3 were pto( f-ed

in double-reciprocal form, 1/i’ agaiuist 1/c.

However, as predicted by the fact (htot two

slcopo’s were ohservc’cl ton the Scmitcliarc! plots

( Fig. 4) , each of (he dtoublc’-reciprocal curves

also contained two slopes. Moreovt’n, f he

five double-reciprocal cuurvo’s toht-muimted mom

flue data imi Table 3 did uuoot iuutersec’t at- a

comnicon joiuut . Therefore the dispimocemitcuit

oil AN’S from humamu alI)unum by 3 on more

moAes (if palnuitate camino(- lie explained on

the basis of coompetit-ive himsding. An mtltc’rna-

tive explanatiout is suggesfed by flit’ spec-



1:3.9 ± 0.6#{176}’ 12.9 ± 0.6#{176}’

12.0 ± 0.08#{176}’ 9.9 ± 006h

:3:3 ± 0.08#{176}’ 3.1 ± 007b

1.6 ± 0.01” 1.3 ± 0.01”
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TOI3Lf. 3

��Effe(’t of jialuo otoite on .4 .\S biFO(/i(Oq to lo unoozn (111)0010111

1�lio’so� t-iit’ttsoot.o’to-io’to 0 s -�vere nittole liv eoioo ilibritoni dit-ilvsis ttt- :37#{176}i� � tiiecliootn (toOl t tin i tog 0. 1 it NtoCl

0.05 ii so 0(1 i ooon iili osplotut e (i� I 7 .4 ) , atool 1 X 1t)#{176}in huntati aibtotitin . lttoIi value is t ho’ tn�’ani ± st andard

en�t�o ot 0 of fotot olt’t t’t�tii i totit io otis.

,�\S:al1ouniin C/c )( l0�
nloo(ar ratio i- ---- - - -���-- - -�---��- ---�--___________________________ ___________________

0” 1 2 3 4

0.9 19.1 ± 1.2 17.6 ± 2.1 16.4 ± 1.5

1 .7 13.8 ± 0. 1 13.6 ± 0. 1 14.2 ± 0.1

2.8 4.6 ± 0.07 4.5 ± 0.07 4.5 ± 0.07

4.0 2.3 ± 003 2.1 ± 0.02#{176} 2.0 ± 0.02#{176}-

- S Mooles if l)ttltloitttte l)er t000l(’ of all)lotniti.
b Si gto ifictoti t ly (I i fiO’t(’ti t fro otto t he oltot to 0 obt tO tocol in-i t Foe ali5etote oof ftt t t v twit) (p < 0.01 )

(m’oost’o m1iio’ sfuc!io’s oil Stc’imohmorc!t et al. (27).
r1�hit,5o, imovo’sfigmifoors iooumic! fhumif (lie imiifial

(yroositit’ rod shilts promcluo’o’cl In- u-milky!

ligtumio!s \�‘o’t’o’ m’o’verst’cl to o I lue shifts mis floe

higtimoo! (‘dotit’etOt m’totio mt-i � m’tuiso’cl. TI’luis rc-

vo’rsmol oicc’urro’d! tot miiueh toowo’r nioolmir ratitos

oil higmomud too motbumuoimi (himiti fhuoost, ro’c1uired

-tom 1)1’tidttit’t’ huitossiVt�’ umtioolcliiog(ofthe prooteimu.

St’imohtmorclt el (II. msttnibufo’c! flue speo’frco-

so’t 01)1 0’ ro’vo’u’smo 1 t oo o’xpo osu to ‘ ool Pl’eVio)uistY

1)uit’ied! tvrosimoo’ m’o’sic!ouo’s, i.e., mi miujo’ncoclis-

oorgmumoizatic)mi oil flit’ tuhhotumusimu (c’rtiary struc-

(uro’. \\e siuggo’st (limit fIst’ � to’ omidary hoimtc!imug

sito’s 0 ii tilbumisin morc’ pm’cogm’essivo’ly alto’ro’cI as

(lie husiO’rooc!iso om’gmtmoizmutiou imic’measo’s tumid! (lua-t

(lois nimoy 1)0’ (Iso’ c’aimso’ oil (lie obso’rvo’cl do’-

cm.(’ttsd’ iii AN’S hoimoc!imig.

,-�mioofhio’u’o’ommto’lusioomoirtonu flue t,o1uilihniumii

dmmolvsis o’xpo’rinio’mots is (limit- (Ito’ emulomimio’c’usso’mit

0 ml ;\.N’S fluoot’t’so’o’mio’t’ proooluo’ed by 1 con 2

I_-i-it mit’s oil loomog-t’hoaimi fatty tio’id is ioot due

to amuy inucro’ase il-i �-�iNS him-io!imog. Thuero’lone,

at lo’asf it-isoono’ c’moso’s, tluo’ rlsmogmoitu(!e of

fluo oro’sco’nc’c’ o’mimi (‘lumumogo’ mis to m’o’sult oil tot-lien

lacto om�s 1ic’sido’s to c’hitontgo’ ito flue nunuber cml

ligmomids boouncl too tlse jom’ooto’iuo. ‘Tlsis imic!icmu(es

thimtt fltuoro’so’emico’ mioo’mosuu’o’mllc’mu(s c’monnoot at-

\�.mo�’,.S lie oused as to ojumimotitmotive estinimote of

hgm001(l hiiuding. Studio’s ivithi 2-p-toolouic!iutyt-

nmuphstlomilo’moo’-G-sullomimi(e mimic! iuioc!o’l po’p( ides

lemod to a siinitmou’ c’comio’lusiooto, for they also

demsiomostrato’ fhmtt to fluooro’scc’muec’ clumumige is

usot ioec’essmonilv mossomo’imoto’ol with a o’lutumige iii

(lit’ aistioumit flint is hooumic! (28). Sonso’ in-

sight imito flit’ l)m’t)l)mil)lt’ muit’c’l-mminisoss oil flue

flout oro’S’t’mio’o’ o’mihiamsco’mu o’mot is proovido’c! by

tIn’ hit t�imisio’ lint om’o’sc’t’tio’o’ isio’tusuremssc’m-ifs.
Tluo’ dat-ti iii Tmobio’ 1 imidicmu(o’ (limit AN’S bimids

imi (lie ro’gion cii flue loomue (rypto)piuan ro’sictuc

o�ul huunsan al Imuiuiiis . Spect noosco opic studies

imic!iemo(c hmut sfo’rooic!s tulsoo bitic! to (his re-

gioli (29), amid if is go’miermully moccepted (hat

trvptophumomi fonmsis a pmurt oil ami inspoonfamit

niomopomimor bimocling sifoii’oil huunsmuu-i mulbumsiin

(30). As oop�)oose(! o AN’S, palmsii(a(c iuu bow

c’(omoc’o’mitrations did mucot alt en (hue ( rvpfcophsan

fluomro’seo’uice (Table 1 ) . Ta-ken togc’(-her,
these fimidinigs suggest (limit (ho’ first 2 issooles

o�if bong-chiaimo imofty acid c!oo noof biuud (to (lie

stimist’ sito’s tos AN’S. If nsay ho’ murgued, how-

ever, (hat AN’S prooduo’es o�ouo’muo’luing thrcough

emio’rgy (rmonslo’r anc! that this could foot ooccur
with fatty tt(’j(!s (‘vets if they boitmic! imu (lie

samise regiomu. �Vo’f with l)tiVihit’ mulbiunsimi lmtfty

muo’ids amid thuo’ir c!o’nivmufivc’s, like AN’S (12),

quemuclu (lie (ryptoiphan fluooresceuice (3 1 , 32).

:\ It Ot’t’t)V(’I’, t lie spect rosco Oj)1C fimidiuigs oof

Sfo’inhmtrclf et (-ii. (27) mobso ima!ic’atc (limit (he

first 2 ussotes oil imiffv at’id c!o’rivafives dii riot

po’rf urb flue t rvp(oophauu sl)( ‘#{176}‘tmust 0 of huumistumu
albuiiiiui ; iuistemud, (lucy pemtunl) (he tyroosimic’

sj�ec(rumsi. Tins supports flit’ view that (lie
first 2 molt’s oof tomug-chmoimi molkyl denivafjvc’s

(to) niof- binuc! too flit’ ro’gioiui oil hunimtuu atl)umssmn

that ctomsfttim-is t hue bouuo’ f rvpfo�mphan residue.

Tue imi(erl)I’etmutmo)Iu (-limit fl-it’ first 2 momles

oof Pabmisifatt’ c!oo hoof bind (ci (he samsue sites

as AN’S is coomusisto’ust with flue humami mulbu-

hum-i himudimig issooc!o’l Pt’Ol)t)Sd’d by (0100c!lssami

(9), in whio’h (he two pninstury i)imudimig sites

are (‘oomisidlo’ro’o! fo�i Tic’ a(’c’essihlo’ to bo)ng-c’httilu

imotfy acids hut m-ioi( toi bulky oorgauuic ligamic!s.
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Studio’s of itotty acid effects on (lie tyrosimue

absoorpfion spectrunu of hunuamu milbumtiimt also

are coom-isistemit w�i(li f-lie Goodmusmimi nsodt’l

( 33). If this view is co)rnect, iuoow cloo lontg-

chaits fat ty acids produce the o’milumuutc(’muso’mot

mu AN’S fluooro’sceutce? A possible c’xplamiafioui

is suggesf(’d by flue results with hI. Pmotnsi-

taft’ prcofo’c’(s mugmuimist quenching cii the (ry�)-

tophamu fluoorc’sceuice by hI (Tmobte 2) mu!-

(hoomghi it- doot’s moot bimid to (ho’ sitc’ c’oonfaimiimog

trypfoophumomi (Tmubbc’ 1 ) . This suggests (hat

tho’ fryptophuan site is affected wluemu patmiti-

(ate c’(omisl)imuc’s with tither negiomis 0)1 (hue mu!-

bunsinu mnomlo’cuto’, (hurouglu either stenic htiuu-

dna-rite or a o’oomllo)nnsa(ioltal chamuge. Omie

night expect flint nsolecular interact ioiu-is

betweemt tim-i oorgmumuic ligand amid (lit’ (nypto)-

phan site woutd ho’ altered as a result oil (his.

Iii fl-ic case 0)1 AN’S, (his is mssmtuiiio’sto’d mis

fluo irescemuce o’nihuamict’muueuut withicmuf tomov

marked chiamuge in-i I)inudiusg muffinity . It- is

somewhat surprising that- iso cluamuge itt flue

wavelength oil nsaximurn AN’S fluorescc’moce

accompamuied flue postulated imicrease in

quantum-it yield. A possible explamiation is

(hat- palmitate bimiding partially rensoved a

proteini-c�uemuching group, such as mu car-

boxvlafe ion, front the AN’S emtvircouuussemut mu

such a way that- the 1)olarit� oil flue AN’S

binuding site was not- chamiged appro’ciahly.

Thio’ fact that, unulike palmsii(mofe, 1 ton 2

moles oil laurate auud decamicoate reduco’d

AN’S fluoro’scence also is comisistemot with

the hunsan albumin bimidimug moclo’! proposed

by Goodniani (9). Accoirdinig (ci Goooduuiami’s

imit t’rpretaticonu , medium-chain latf j.,. mtcids

caminlo)t interact with f-he pnimnary bimidinug

sites. Imistead, (hey bind to the samise sec’onud-

any sites as AN’S. Thero’fore om-ic might cx-

pect- sonic displacemeust of AN’S evt’n whemi

onily 1 or 2 moles of baurate or decanoate

are added, because oil competitiomu for the

samo’ l)indiuig sites. By ciomutrast, muo AN’S

displacemusenf would he I)rOdttced by 1 or

2 mooles of j�aln’ii(ate, l)o’causc’ it would be

l)oumud loon flue nuost lmor(- (0) (lie iininsar3�

sito’s.

It-i ccomuc’lusiouu, we recoigmtize (hut’ joossibil-

if-y fhmit daft-i oobtmuined with to nsoclel fluores-

cemit higatud nutty have rio mipphictution to

drug hindimug. On structural grtoumscls, how-

ever, it is reasonable to assumsso’ thmot AN’S

night lit’ a suit muble o’xl)o’m’im-iio’nfmil niooc!ct (‘or

bimclimig studio’s. \Ioro’omver, we lutovo’ lore-

semit ed pnelinuimuary evido’mce t limit- (ho’ lmuuiitin

albumuuimu bimichimig sit es It or chi!donophuemsoxy-

isobomfyrafe, a c’oimsuliioomoly use! Isypolipi-
(�!cms’oic drug, tire the smumiuc mus (hose loon AN’S

(34). Therefore uvo’ ho’tieve (hat sonic’ ctu-u-

tituS c’x(napoltu(ioouu tof flit’ presemst results to)

drug bimidiusg is justified. Tho’ results with

AN’S actually mire o’oomsipmotibte with musamuy of

flue currentt idemis coont’o’nmiimig flue roole oil free

fatty acids in drug transport (10). They

support the vio’w (limit- mmujon ojimamitifative

c’Iittusgo’s imt drug bimic!imug do noot- coccur wiuemi

(-ho’ nsc)lar ratio 0)1 imoffy moo’id to aihunsin is

lc’ss than 2. They titSo) m-iu�)por(- flue view that
rcductiomss iii drug binding tire likc’ly to

occur whemi (he rotoobmur rtitio risc’s and is 1)0’-

two’c’uu 2 amid 4. Altluooughu (ho’ plmusmisa frc’e

ftitty acid couso’o’mitrmofio)mo usually is bo’boow

fhc’se levels, suo’hu valut’s htmuve been no’pomnted

ito ussamu (3). The loro’sd’mit- rc’sulfs with AN’S,

however, are riot o’motino’ly c’oinsisfeuut with (lie

prevalenit view fhmut I tor 2 moles oil imo(ty

mic’id have absolutely mio inifluemsce toni (lie

drug-binditig sites oil huuumisami mulbumimu (9).

Based upomi the fluoresco’micc’ nseasunemiio’mits,

it appears that snsmotl amssouusts of lomug-chumiimo

fatty mucids will molto’r (ho’ mssolecular imi(o’rmuc-

tiomus betweemu tins orgtiuiic bigamuci tom-ic! the

secondary albumsuimi sites. Although (hue coiui-

libniunu dimulysis msic’asuro’miit’muts iuudicatt’ (limit,

in-i the o’muse oil AN’S, these msuolecular molt’ra-
tions do miot cmuuso’ gromss 1)inding cliamogo’s,

the poossihihifv fhumit such a!tc’rafioimus affo’ct

the (rmumisport- oil mit lo’mtsf soomise drugs by million-

niiuu nc’c�uires funthit’r o’ommisido’rafioui.
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