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ABREVIATURAS

CEM - Centro espectral de masas-
CTAB - Bromuro de hexadecil u'illlcll;l:mi_'(')n'\ib

DHAP- Dihidroxiacetona fosfato R

DTT - Dithiotreithol

GAP - Gliceraldehido-3-fosfato

o-GDH - o-Glicerofosfato deshidrogenasa

GdnHCl - Cloruro de guanidina

EDTA - Etilendiamina tetraacetato

FITC - lsollocmnalo de ﬂuomscun.l

1,5 lAEDANS 5- ((((2 xodoaccul)am1no)eul)ammo)nafmlcno ! audo sulfomw
MI - Mlcelas mvertld'ls '
B—NADH Dmucleotldo de nicotinamid

a‘reducido - o |
TEA - Tnet'l o6lamin -
TED - Ar'rio’rtig,uador TEA 40.0 mM/EDTA 10.0 i mM/D I‘T ] 0 mM p]I 7.4
TPI - Tnoso!ostalo somers
TPI- IAED/\N_ = TPI'marcada con‘l 5- l/\L' I)/\N§
TPI-IF I'IC‘ - IPI lmumdd Cbn I lIC o




RESUMEN

Aun queda mucho .por: conoou acerca del mccqmsmo del plq,anuenlo proluco

a partir de la cadcna pohpcptndxca lotalmentc dcsplez,ad» 'VEnJcl pxcscnle trabaJo se

(Garza-Ramos, etal,, - 1

de agua, simultaneamente se midi6 la recuperacion de la actividad: Se encontré que




en 6.0 % de agua los cambios en la fluorescencia intrinscca ocurren en paralelo a la

recuperacion de la actividad catalitica.‘En“las ‘MI con bajo. contcnido de’ agua no




INTRODUCCION

as~pr()'léilias"‘glbbillzil'cs poseen l«l ])l()[)lbddd dc .ulqmur su cqlluclum

tndunensnonal autonomamentc en baqc umcamenlc a .sl' : sccucncxa dc am noacndos

esta técnica es solo para prolcmas dc mcnos dc 0 KDa y sc;;, d'




condiciones desnaturalizantes muchas proteinas ucnden a agregarse. Los estados

desnaturalizados son cruciales pam cnlcndcr I‘1 t,Sl'lblll(l'\d de protemas sus

orden jerarquico [Figur

Estructur'l cu‘ltenmrm

eqructura tercnna

Dominios

Eslructura supersecundana ; g

\ I\ . o
apl?és AN AN NN A D A A
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4

ra secundarm

Sceuencia de.amino

Figura 1. JefaquIa de la estructura y el plegamiento proteico. La estructura
primaria unidimensional- (ssee) determina el plegamiento y la asociacion de las

Lus: mteiac(,mnev de corto alcan(_e en ¢l nivel de la cs'n uctura

proteinas globulare

.vecundaria e um las' interacciones de lar, go (llcauce orlgmamlo I(11, y

Sformacion: de m()tlvov e.\'tru(,tzuale\' y d()muuos' (e.\'n uclm a A'Ll[)ervcczlndai iat y

‘R.,‘ 1)87] -

terciaria) [Jaemcke,
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Dada una secuencia dc aminodcidos, las interacciones de corto alcance

conllevan a la formacion  de “clementos regulares de estructura -secundaria 'y

monomeros  desplegados

mondémeros desplegado y plegado y del dimero:




ANTECEDENTES

CARACTERISTICAS GENERALES DE LA TRIOSOFOSFATO ISOMERASA
(TRJ)

L'1 TPI calah?a Ia conversion xcvcrsnblc (' 3 ‘df:l-iyi‘drféxﬁEC(Gn:il‘osfato (DHAP) y

et. al,

A., 1985, Schr

Se
Johnson, L
molecular

polipeptidlc;;i.‘sf;‘ndily‘]



del cristal de la TPI de masculo de pollo [Banner, D.W., ct.al, 1975], levadura
[Alber, T: »etal, 1981]ytr|p'moq ) :

]as'unidadc unurw'ls

. cucuw.m HJDOJI‘OSTATO L

D[HLDROXIACETON/\ ros TO
i (cir)

o (mw’)







REACTIVACION DE LA TPIL EN MICELAS INVERTIDAS

Con el fin de caracterizar la reaclnvacnon dc la I‘nosofoqlato Isomerasa (TPl) a

pamr de la enzima (lcmalumlmnda por GdnHCI* se realiz6 ‘i "'sludlo cmcuco en




monoémeros desplegados por guanidina en solucion acuosa, y transferidos a MI es el

siguiente:

Das Mus Mu <> MF = Da

G., et. al, 1992].

GENERALIDADES

ELAGUAY LA CATALISIS ENZIMATICA

El agua partwnpa en todos loe proccsos bloquumcos m vlvo sm embargo aun, '




de apua disminuyen las interacciones eclectrostiticas, cubrcn la superficie de las

plotcmas y se e\pandcn hacn el cxtcnor cuando Ios monomcl 0s llCﬂan a formar




Finalmente la @ltima catcgorl'l formd parlc (lc la (,apa dc h:drmacxon y posec

esiructura resndual a‘altas 'temperaturas 'Mallthc s, et al 1‘)‘)1] F11 el espectro de

dicroismo cxrcular del UV leymo de la oc-lactdlbummd tcrmlcamenlc desnaturalizada

.
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se visualiza estructura secundaria rem’dual Aunquc muchas proteinas presentan

grandes cambios conformac:onales en respucsta al mcremento de cargas posmvas de




1993]; ya que la acc1on g,cneral de estos agentcs es promovcr o mcrememar las

1ntcracc10nes entre los grupos protexcos y’cl solvente cnrcundante

ENZ IMAS ATRAPADAS‘EN MICELAS INVERTIDAS

(‘racm\; a8us ¢ lmcluisllcz. anicas:las

nicelas mvulldus‘ (M) son sistemas

ethylhexxl)sulfosuccmato de sodio (/\OT)/ISOOCtﬂﬂVOA_ un W de 5 (l 83 % de agua)

16



equivale a un diametro de la cavidad acuosa dec 20-A. Iistc valor se puede

incrementar a 80 A a un W de 50 Al varlar cl W sc modnf‘ C'm Ias plopledades del

liill\ar,

llidrochBib'a de la protema mteraccnona con Ia partc lndrocarbonw'I del delerz,ente y

con el solvente or;,amco [Fl[,ura 4]

Figura 4. Representacion esquematica

del acomodo de la enzima en el
sistema de micelas invertidas.
I, - enzima hidr()ﬁ'/ica,

Iz, - enzima pau./a/meme hidrofébica

I - enzuna h/dm/ol)/(_a i



FLUORESCENCIA DE PROTEINAS
La fluorescencia es una técnica cspectroqcoplca muy utll en el estudxo de las

propxedades dindmicas de las m'lcromolccul'm blOlO{,lCﬂS Las mcdl iones’ s vkllev.m a

(Aexc = 280 nin) La absorbancia se: deb




donde A y I(A) son la longitud de onda de emision y la mtcnsndad de la cmisién a

una Iong,ltud dc onda dada [Blsmuto B et al 1987]

Una enﬂma omo

de-la separacion: (r). La eficiencia de la-transferencia de.’e’nqrgnal esta

dadapo‘r:f*"." G
| E=1/[1+(RR,)%]



donde R, es una distancia caracteristica del par donador—accptor llamada la distancia

critica de Forster, a la cual la eﬁmencna de la transferenc;a es del 50 % Un paramctro

que se mide frecuemcmente cs la «,F iciencia de:la lr'lmf‘ercncm de (,ncrg,la L, la cual




El grupo de Hamaguchi (1991) utilizé la transferencia de energia para

caractenzar la_ compactabllldad dc un fra;,menlo de la cadena hgera -de ‘una

l ragmento reducido

la emisién del

POLARIZACION Y ANISOTROPIA'

Al excitar un fluoroforo con lu7 polarizad 'ocurre um lotosdeccwn quc‘

consiste en la excitacion excluelva dc los fluoréforos cuyos dlpO]O d transwlon de

absorcion se encuentran parale\os,an ector cl cmco c.ﬂfcxcxtacnon Esta excxtacmn



selectiva de una poblacion de fluoréforos parcialmente orientados da como resultado
una emision p'xrclalmentc polnn/ada Dentro de cada fluoréforo los momcntm de

tl'anblClOTl pam 1a: absorcxon ;

'nnslon mncn orientaciones fijas, el z'mgulo entre

(l'ly

’i) ¢l vc.u(n clu,!uu) d(. cxulacnon




polarizacion de la fluorescencia de 0.2 a 0.3, mientras que en un medio altamente

R., 1983)..

viscoso es de 0.4 (Lakowicz, J

.1':/,-7— 1/r,, [+ R'l/nV]

Up-1/3 = ( I/p,‘, - m)[ [ mr/n v1

donde:



p = polarizacion de la fluorescencia
¥ = anisotropia

P = polan?acnon dela ﬂuorcscenu'l en auqcncn dc dlfumon rot.ncnonal
r, = anisotropi n

en’ auscnua dc d

lOll l’OldclOHd’
mM = viscosidad

20 %de la absorcxon a 336 nm Su ﬂuorescencm es dependl‘ente dc. la poland'\d del

24



medio, en agua el maximo de emision se observa a 482 nm, en solucxoncs apolares el

1,5-IAEDANS es de 20 ns, dcquo a lo
muy utilizados en estudios d
La emision del 1,5-TAEDAN
fluoresceina (F ITC),
transferencia de" éné" ‘

El FITC (fig.

marcada se le

debe rcstar la conlnbuuon ¢1 la abeorbdn '

Tuoréforo

12 ;280 nm_ ‘d

O :
NHCHZCHzNHCCHzl
SO;H

Fig. 6. Estructuras del 1 SIAEDANS yFITC

25



MATERIALES Y METODOS

MICELAS INVERTIDAS

asi wcrluhs du.cnto por. Ullhorsl y colabonadores [I984] y
jo e componc de um mezcla (CI IO) de 200 mM de
nio: (CIAB) en’ Octano y H

El sistema de lev

utilizado en el p'rgské‘n‘t”

Bromuro de hexadec anol en- una xclacnon

volumétrica ‘de 8 ,l._gmadlr un

amortiguador cste sistema
k ctanoy 1.1 ml
gua a anadir y

posteriormen ucion . dpticamente

transparéiite;v 2 10.0 % de agua,
obteniendose gunos  experimentos la
concentracm 1 cantidad de agua de las



mililitro de mezcla total) y entre 5 y 7 mg. de o-gliccrofosfato deshidrogenaéa

(0-GDH).

. TPI L |

GAP.. & DHAD:

e a—GDH .

DHAP + B-NADH +H"

ientes - se “distribuyen
cxcllmvamcn cenl ’
de TED o Ml conlex

alicuolas

Ia muda an Chor a '% O ml dc lbl) 0 MI a un crcrto

contemdo de agua (2.0 =170 %)

27



FLUORESCENCIA DE LA TPIEN TED Y-IEN MI

La TPI , natwq o desnaturalizada (10-20 mg/ml) en  solucién  acuosa. se
lr'mshulo a IEDT [ ) 6 2952450 nm., ‘despucs de exci
a 286 nym‘

fluoroforo libre.




Para el caleulo de la estequiometria del m.m,.nu. para TPLI-IALDANS 'y

TPI-FITC se midio la absorbancna dc la protema a 280 nm y dcl l 5 IAEDANS a 336

siguicnte ecuacion:

P ((Rvurl/lem) 1)/((Rvul lmrv 1)“/(R¢.un )

polarizador.de excitacion s¢ pone en'la posicion

A Tean ando el polarizador de excitacion se pone en la posicion -
homontal (90.,) : R R

corr

R, ¢ la n,lauon Lonqad.l dc lus «.mnpununlu pulm |/.ulm



La anisotropfa se deriva de fa polarizacion usando la siguiente ccuacion:

r=20/GP)

El programa permite eliminar la senal;de blanco es demr del solvente o muestra sin

el fluoréforo, la cual puede tener un, »ena de- fon 00 de dmpcrsxon de luz Este;

calcula R

COIT’

,T y P, asn,como




FLUORESCENCIA DE TPI MARCADA CON 1,5-IAEDANS
La TPI- IAEDANS (TPI marcada con l 5 JAEDANS) nativa o desnaturalizada

con GdnHCI en qolucxm
determinada conccntrapxq
600 nm en un ﬂuorémél'fo
agua (T = 25 °C), slits dé:

TRANSFERENCIA DE ENI

de energla fue '
controles fueron lav ;
TPI-FITC renaturallzada en

en los controles fue de 10 z,/ml

Com



fluoroforo era el doble que en la mezcla de transferencia, asi que fuc necesario hacer
una manipulacion de los espectros de emision de los controles es decir dividir cada

uno de ellos entre 2.

TPI-N TPI-IAEDANS (D) '1‘1)1'1“1’1‘0(/\‘) . IPEN

Gdn 4.0 M Gdn40M ' Gdn4OM. . Gdn40M
TPI—N-FD"» D DA A TPI-i;,I-'"A:
Gdn 4.0 M. Gdn40M  G4OM  Gdn4OM Gdn40M
L l L ! :
TPI-N -!-'Dv" D | DFA” | e /\ o mm A

Renat. S ‘_ Renat. - chat . Renal , ""’R\,nat s
Control 3~ "Control 1 Mezcla Conl |

de interds -

Esquema 1. Protocolo del experlmento de la reasocnacno de Ia TPI
medida por Ia transferencna de energia e

J’amblen se :
TPI-FITC y;

En varios experimentos no solo q'e hiciLi‘on“cStbS controlcs sin
prepararon otros controles de'la w,mcnle manera; . TPI-IAEDANS

TPI sin marca (TPI-N) se- dcsnaluralwaron, or: separado’.con: GdnHCl



de TED o de MI formadas con 6.0 % de H,0, donde la concentracion total de
proteina fue 10.n g/ml (me7cla de TPI- IAEDANS y TPl sm marca (control 3), mezcla
de TPI-FIT y TPI sin marc. '(control 4y la GdnHCL se dlluyo mas de100 veces :

La eﬁciciricia”de la 'irmML cneia dc cm.rz.,m esta. rclauonad.l con la'd,lslancm

(R) entre los ﬂuorotoro y Ta dlsl'mcm cnuca dc l«orslcn (R,,)J a‘u‘ml l'1 c{“ cxencm dc

la transferencn cs u,ual '11 50 %_ i

X
p9S )



E=R/RS+ 1) @)

R, se puede obtener por la ecuacion




datos de absorcién del FITC se dividieron por la concentracion para determinar el
coeficiente de extincion molar del FITC a cada longitud de onda [e ,(A)], en unidades
M-'em™. En otra columna sc colocaron. las:lbhg'itu‘des de onda elevadas a la cuarta

dlfercntes concentracxones del Gdnl lCl,-"y adcm'ls p‘lr'l esiablccu cl mccamsmo de la

as



desnaturalizacion, se determind la curva de la desnaturalizacion de TPl midiendo la
fluorescencia intrinseca de la enzima (Aexc = 286nm) de 295 a 450 nm. (Fig. 7,A).
Tal y como se ha observado en otras prol sinas:[Pace, C.N ‘1991] la graﬁc‘l

del centro de masa del espectro de emls;or d: dlfc' ntesv

- 1980], “quienes

demostraron que Ia TP[ .dc‘:.ﬁizjfuri‘lyliiafda; se . puede | al " diluir - el

desnaturalizante.

36



360 [\”\‘/.——0-—.—.—.
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N -
330 e
- GdnHCl (M)
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A

','ffs"c,jM (nm)

2.0

Intensidad de la Fluerescencia (U.A.)

05|
B
0.0 — : ' -
250 300 350 400 450 500

Longitud de Onda de la Emision, (nm) 7 »
Figura 7. Efecto de la concentracnon de! GdnHCI sobre el Centro Espectral de
(A) y Espectros de emisién de TP en solumon acuosa yen GdnHCI 4‘0 M (B). Lal

Isomerasa a una wncennacmn 7! 22 0 / HeihG i n l10ra en el

c_' u;_u.uan

(. = 25( mn)' ‘

cem

\pCCIlO de emlslan de



FLUORESCENCIA INTRINSECA DE LA TPl A DIFERENTES
CONCENTRACIONES DE AGUA. k

Fue de gran importancia analizar los c.nnbnoq cstruclumlcs globaleq que la

enzima experimenta al cncontmmc en mcdnos con dlicrc,ntc conccntmc: n de z '11,ua al

intrinseca de la proteina

8

% de la Fluorescencia Relativa ()

d .NL()II ( () A dc cu,rml (a)iy en ()/uuon‘ '

totalmente acuosa (s).

38



Se ha reportado [Garza-Ramos, G., et. al, I992] que el contenido de agua ticne

un efecto en la actividad de la TPL. Como ya se nencnono en los zmtecedentes la

TPI es estable en el sistema de ML Sm emb'lrz,o la actmd'ld es’ 10 o mas veces

menor que en soluciones totalmente acuosas

992] D bl(lO a esto quisimos

mvestu,ar que tan dlférentc es h ,cstructur'l global,de la protcnm“deqpues de haber




estado en GdnHClI 4 M y ser postcriormcme transferida a Ml con diferentes
contenidos de agua, Tambxen qmsxmos saber si en las condlcxoncs de renaturahzaclon

de la enzmm podmmos ver una cinética de cambios estructurales de tal manera que

espectrbs g

para la enzima ﬁtrapad'l en Ias mlcehs eq mayo que en medxo 'xcuoqo (ver i’ g 8)

a0 L



Fluorescence intensity (A.U)

tu - - o
© 2 % Water

T wewater L 6% Vater

2

hora una‘aliciota de 1 pl:se transfiric o

la concentracion de agua indicada.

después de |
después—de
Sluorescencia intri

intrinseca de la T}
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- Tiempo, (horas)

rescencia y actividad de la TPl duran

a -‘MI’ La TPl se desnalumlr'o en

de agua.. A_s;mistno;cl patrén .de. l]a;ﬂuqrevsyc‘encm,de .h enzima desnaturahzada y

4



transferida a micelas que conticnen guanidinga 4 M difierec del de la enzima
desnaturalizada en medio acuoso (ver fig. 7, B), es decir la enzima atrapada tiene una

emision mas alta y un CEM un poco meno

De acuerdo al experimento’ anterior is¢ investigd si- los cambios en la

fluorescencia intrinseca ocurren ‘en

ona con la aparicion de la
maximos de la fluorescencia

asco; A, et al, fl9§4]1para

altas concentraciones de agu (60 %)

edades fluorescentes

activo

Subsecuentemente ns.
graduales en la fluorescencia intrinseca que correlacionan con la recuperacion de la
, D R e



actividad. Cuando la TPI desnaturalizada se transfirié a MI con 2.0 % de agua, no

ocurrid la renaturalizacion (ver hb. ‘)) /\Hlﬂd(lll dbu.l"»u .

"/. RIS ruwpun la

actividad, pero la ﬂuorcsccncn intri a tener

una intensidad de ﬁuoresceucm como cuando: la TPI lcsnaturah/ada se transimo

directamente a 5.0 % de agua (Tabla 1)

TABLA 1
Fluorescencia intrinseca de los monomeros competentes y no competentes en micelas invertidas

con 2.0 y 5.0 % de agua.

Condiciéon CEM Intensidad de la fluorescencia (U.A)
2.0 % de agua 343 6653

2.0% — 5.0 % de agua 344 4674

5.0 % de agua 343 3877

5.0 % = 2.0 % de agua C o34 S 6241
50%—-520%—> 5.0%deagua 344 R 3686 -

La I‘PI se: dcsmlumh/o con 40 M dc] Gdnll(,l por una hora y

postenomlenle se transﬁrlo a mxcclaq i verud'ls I'om]ad'ls con h%’concentracnones de

ada ¢ inmediatamente sc:volvieron a (omar los espcctros

agua a 1'1 conccntracmn !lldlC

de cm151on

44’



EFECTO DEL DTT
La TPI posec 5 cistcinas por monomero, ¢stos no forman puentes dlsulfuros y

sin uubmgo en medio acuoso y ¢n Ml su wuultvuuon nm,\mm mquluc Dl"l l'n MI ‘

capacidad de expenment'lr cqmblos en su ﬂuoresccncxa mtrmscca (cspectro" b y d)

45



T8
~~ CEMrwn Emon ol CEM
<_ ¢ a 348 4340
b 347 4201
B o 340 4304
4| d 343 2067
K] e 437 2822
5 1 837 2411
;
2 3t
Q
=
- f
-~
o 2f
g~
"’§ |
Z’ 1l
3
=
0 i n " - exn .
250 300 350 400 450 500

Longitud de Onda, (nm)

Flgura 11 Espectros de emision de la TPl transferida a micelas nnvertldas con y sm




MARCAJE DE LA TPI DE DIFERENTES ESPECIES CON 1,5-IAEDANS Y CO_N




FITC. La polarizacion de la fluorescencia de TPI-IAEDANS fuc 0.225 + 0.002 y
para TPl-cl FITC 0. 220 + 0. 005 valoreq tlplCOS obtenidos en locloq los expenmentos

La eslcqmomema del m'lrcaJe se determinG’ '1I medir el especlro de “bsorcnon de la

1,5- IAEDANS 'medmnte elzmetodo de modulacno'n‘ y f'we y encontré solamente un

48'



componente  de vida mcdin dc 17.8 ns. Lsto suglclc quc Ll el 1,5- IAEDANS
solmncntc se . une a um cmcm.l y'l quc si el m'lrczuc no Iucm en un qmo se

obscx V'lrmn 2 o m.m componcnlca dc la vxda muim dc ln Huomsccuua

~ Fluorescence intensity (a.u.)

" 920




[Garzén-Rodriguez W., Beltrin C., ‘)‘)4 resultados no publicados], Como la TPI

mpansomal no. uenc h cmleum 9!7 se intento ner'uh con Ll 15 IAEDAN§ pero

S
20100 .
2 = Ut’lk 5 .
.:-‘-; 00 * e o [T
1
4
§ o
“8ha0 4
[ e S
LN
D 100 o S 1 .
51_], N 50 B - B J
2 Uil ®
S i
- 40 SRS
o i b e
R 240 .
i : .
ok g
vl \ v o

la mlenwc/a(/ c/u /u jluoreswuc aen. l()() () % (/u uq//a, &

50+



FLUORESCENCIA DE TPI-IAEDANS y TPI FITC A DIF ERENTES
CONCENTRACIONES DE AGUA ’

superllcxe c1rgada de las M : El CLM se desplka'm ln’cn el a ll:(':dni'!'o'h'nek aiﬁhéhtavel‘
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contenido de agua del sistema y tiene un valor de 537,535y 531 en2.0,7.0y 100.0

% de agua respectivamente.
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DESNATURALIZACION DE LA TPI-JAEDANS EN SOLUCION ACUOSA

A través de la fluorescencia intrinseca de la-TPI, mediante la incubacién con

diferentcs'jcbn‘cvenjtr}jlbioi}és" el GdnHCl, pudimos observar una’transicién del estado

y para la cn71 ]

nativo al le'l

segun s¢ momtorco por la a solropm de TPl-IAED/\NS Aunque cml{']')xymto medio kvde i



las curvas de desnaturalizacion es de 0.6 a 0.7 M del GdnHCI, no podemos decir que
la transicién es de dos estados ya que las curvas del CEM vy la anisotropia no tienen

la misma forma. Esto sugiere la existencia de estados intermediarios durante la

desnaturalizacién de la TPI. Por.lo.ta canismo de la desnaturalizacion se.

puede explicar mediante el siguiente esquema:

de proteun El hecho e haber ot emdo e\(penmenta]mente un valor el ‘@ltllngn del.
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dimero de la TPl mayor que ¢! valor caleulado sabiendo las dihicnéibiics diélrd(mcro
se puede explicar de la signiente manera: : s

1) La ecuacion de Perrin esta diseiiada para particulas esfermdalcs : S

2) La capa de hidratacion de la proteina es del 20 al 30 % del volumen total calculado
experimentalmente. T

3) En la grifica de Perrin el valor del inverso d‘_el‘“‘ mtercept en el eje Y (ro)

imovil es de 0.3, esto

N
wn



1/r

jod]
Kl
>ue

Figura 15.

1/r= l/r’[ 1 +1:RIV(’I‘/n)]

0100 200 3000

T/n#10e (K/po. )

Grat”ca de Perrln para el calculo del volumen de Ia TPL .

8 -ent100.0 %%

MlGO%

MI2.0% ¢
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CAMBIOS DE LA FLUORESCENCIA Y LA POLARIZACION DE LA
FLUORESCENCIA DURANTE"” 1ZA ‘

Polarizacién de micromol/min
/mg

luorescencna

i Fluorescencia ]
en TED . : SH0TT L 0.22001/- 0.005 4800
en las MI con )5 o 81 0170+~ 0005 - 4507
6.0 % H20 . R : : . .
en GdnHCl4

0031 +/- 0005

GdnHCI 4 0]
renat, en T_

% H20

La
MI con 60
aproxumdzu

desn'llurahm _ 4. : 1 ; ‘ ¢:20 nm

hacia al I‘OJO y 'su ﬂuorescenc: esta apagada aproximadaménte '50.0°%. Para la -

57



enzima desnaturalizada atrapada ¢n Ml al 6.0 % conteniendo 4.0 M del GdnliCl ¢l

CEM sc desplaza 5 nm hacia el ro;o y la Huuruunuu ‘esta’ dpdb.ldd

aproximadamente 25 % con rcspcclo ala enzima muva c,n 6.0 "/u e agua; La uv.nma

renaturalizada en solucion acuosa-rccupcra en uvn‘ 9‘0‘:0 % su_vﬂuurc;:i;c cia.y actividad

y el CEM regresa al valor normal.

6.0 % de Agua ) ostrm i aur [ 1000 'lu do Aguu
ol - N :w.}l;l,ll n
e e b o

Intensidad oe ks Fluorescenciz (LA)




% mayor que la TP nativa en 6.0 % de agua'y su CEM regresa al valor normal (fig.

En TED la pol: {
+ 0.005, enMIGO‘V'
une el el l 5 IAEDANS

la ﬂuoreég 1
valor de 0.21

dela ﬂuoreqcencn I‘CngS'l '11 nonm ' , ,
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durante ‘la renaturalizaci

con 6.0 %

ala:polarizacion




0.115 + 0.003, valor muy similar al de! monémero atrapado en las MI. Al incubar por
varias horas y medir la polarizacion de la ﬂuorcqcencla en dlferentea tlempos

practicamente no ocurren camblos @m embargo la .1ct1vudad se recupers in 80,0 %
(fig. 17, B). L




muestras en una relaciéon 1:1 y la me7cl'1 se transfirié a un volumen determinado de

TED o de ‘ML fi nmdas con 60 Y dc agua, condluones bajo las cuales el

desnaturahzmxt =‘se. diluye 1100 0:ma cces: "Postcnonnente se corr i6 el espectro de

emisi(')n éx




v F{uo_rescénce‘i!jiergsity:(A._U.)

550 600" 650

restar el especlro 3 dcl 5 ‘(ver tlelallu s en el lem))h A en

)Iuc'lén acuosa v l} en m/celas mverlulas'
6.0%dea agua. . '
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Al mezclar dos poblaciones distintas, es decir los monomeros de

TPI-IAEDANS y los monémeros de lPl F 11(2 tcndnamos lrcs clascs de lemeros

aproximi :

det 80.0 % y la ficiencis la transferencia:de: cncr;,n es dc 0.50 casi el mlsmo'

valor obtcmdo en solucnon ofal mm ok CUOSa:
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Figura 19. Cambios en la transferencua de energla durante Ia
renaturalizacion de TPIMAEDANS y TPI-FITC en Ias MI contemendo 6. 0 %
de agua.




muestran el valor de la eficiencia de la transferencia de energia calculada a los

tiempos indicados, E = 1 -1,/ F,.

Las cinéticas de recuperacion de la actividad y de transferencia de energia en

1ecesario que
ocurra el choque entre dos micelas conter,

han propuesto dos modclos para cx;)liézll



mondmero marcado con el aceptor podrian tener contacto durante microscgundos

aunque no fomnran el dlmero corrccto y podrm ocurrir lmmlucncn de cnergia.

DISC USION o

CARACTERIZACION DE LA TP NATIVA EN SOLUCION TOTALMENTE
ACUOSA Y EN LAS MI

‘nativa '1trap'1d'1 en las Ml prcsent'l u ‘ a 'whvxdadl

\or qut, en soluclon

acuosa. L'\ actlwdad aumenta conformc sc incrementa ¢l conlemdo de agua en las

micelas y tlene un valor de 100 y 450 ;LMol/mm mg..en '.ij:;7.0 % de agua

: ‘('7 7



respectivamente versus 4500 uMol/min mg en 100 % de agua {Garza-Ramos y cols

992] Aun en MI formadas con Ll mas alto contcmdo de a{,ll'.‘qtlev,acepvta cste

embargo mediante

estructurales entréfrlzi' :




triptofanos parecen estar interaccionando también con las moléculas del solvente

orgéanico apolar. _ T R U D,
b) El espectro de. emision de TPI-IAEDANS en '100.0 %\ de agua tiene un




fluorescencia de la proteina marcada en MI con 2.0 % de agua la rotacién de la

micela podrla tener una mayor conlnbucmn ya que en cqt'ls condluones la protema

su movmdad en hs mlcch s p_es nt n solo el lO "u dc la actividad.
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Por otra parte utilizando un sistema modelo [Fcr'm’lnclcz~Vc|asco A el al,

1994] p'xra tmt'lr de ver si 1a mteraccuon l‘ qu enlre loq monomcrm puede ocumr en

CARACTERIZACIQN‘\DELA‘Tm RENATURALIZADA EN LAS MI

7



Cuando se tr'lnsI' icre T PI cleqnaturallmch en 4. O Mde Gdnl ICl a MI formadas

con un allo contcmdo_




representa un promedio de las polarizaciones de las estructuras que se formen en las
ML ‘

surge det‘.pucs de transfenr a 1'1 "lPl dusn;uumlwdd a hs Ml (l 11, 9 -Csp ctro k) es

X



un fntermediario en la via de mondmero desplegado a dimero activo. Ademis los

datos muestran que la dlmcrl/acnén mvoluu.l un arrqjlo hn(ll dc los dmmoaudos

monémero, también pucde

¢ 4.5 %),

formar un:




capacidad de experimentar o no la reactivacion. Sin embargo las tres poseen

caracteristicas de ﬂuorescencn mtrmscca muy snmhres Se podna suponcr que

despues de que los resnduos

baja polarnvda
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[Garza-Ramos G., et. al, 1994] de que la dimerizacion es la ctapa limitante en la

renaturalizacion de la TPI sugiercn que: -

interaccionan (en - microsegundos);

mondémero marcado con:aceptor:se

ocurra la transferenci

eventualme
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En solucxon tolahncmc %uosu la iornmuon de Ios d:mexos dLllVOS de 1.1 I‘PI a

concentmmon los. protones,del agua: posccn proplcdadc,s_dcl al_,ua‘hbrc por lo'que a

6.0 % de agua-e] factor e mtcmccnon con la superhuc mlcclar podrn ser

1mp0rt'1nte
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CONCLUSIONES

En confirmacion a los rcporlcs pxcvxos (l lag,en l990 a, b Gar/a-Rdmoq y

caracterizar: et:u uctur'ﬂmcnu; loq lrcs con!ouncms qm sc atr.lp.m en ldS MI a partlr

de los monémeros dceplcgados dc la T Pl
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-el monémero altamente f{luorcscente que sc obtiene al transferir a la TP

desnalurah/ada a'las Ml con 6.0 % de agua.

-la cstruct_ur'l";mc pitz. d(._fol‘l rl dlmc.ro lctlvo quc qc ol)lnum cuzm' o la ’lPlr

15 MI con'3.0 % de '1511‘1 0 mcnos ((,n

desnaturalizada se transfiere’a aus_(_:vncm‘ oen

presencia de DTT).

marcados con el I‘ITC La tr’mslerencnﬂ dc cncrya nos'mdlc(m aSi ocurre o‘no eqta

asociacion.
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Water chuucmcnls in Monomer Folding and Dimerization of Triosephosphate
Isomerase in Reverse Micelles Inlxjiné;i ‘;I“lumcsccncc of Confoxmcxs Rc]‘xl d to-

18 /‘\nlonm G.thn.l f /\lbuw l) i

) md /\nn.lndo Gunk z-Puyout: ;
-n, México, 1F, México, Ingtitutg de Ciéaeios
J mum I;‘mn/ mul lmluuln de: Biotecnolagia, UIIII(’I.\I:/(I(/
2 /tg,lmL of reverse ubo\'c 4.0%{ Wi(h 3.0% waler, rc:lcli\':llinn i
dbOUl lO%. Il' dt.na conds in.reverse micelles with 5.0% water (or
vation is between 35% and 50%. That is, a hriel
tha relatively high water concentration yielded i significant
ft.ﬂl.lly(u..lllv iactive dimers, As evidenced h) kinctic
TP {Garza-Ramos, G, Tuena de Goamez-Puyou, M.,
JiEBiochem, 208, 389~395). After a 5-2.0% waler
lmnqlllon compclcnt at least 30 min: a subscquent rise in waler concentii
fed to dimerizalion ar 2+ By changes in the simount of water, il was
determine in reve ‘ol water required for monomer folding and dimerization; i.c..
less waler was req ion step. “Experiments with a model system, trypsin and the
soybean inhibitor; showed ihicdlcs with 2.0% waler, pmuin-—purmin inlcr.l(.(i(m\ ruulily
take place. Hence,
. that, after collision
catalyticully active dime; ilrmslc ﬂuon.sccnct. sp(.um af native .md LICIhIllIILd ll [ enty mpc«l in
reverse micelles with 6 ater.were, clcarly different. Both differed from that of monomers competent
for reactlivation.” With rinsic {luoreseence of the latter changed in paralic! to the appearence
of catalytic activity. = Thei nlrlnslc fluorescence of competent and incompelent confurmers was sensitive
to walcer concentration. ,,/\( cquial.waler concentrations no_obvious difference was observed between the
two. TPl at various stales of denaturation produced by various concentrations of gnanidine hydrochloride
in standard aqueous media cotild also be stabilized in reverse micelles with 2. 0% waler, an increase in
water concentration;induced.reactivation. - The lack of interconversion between folded monomers and
active dimers in reverse micelles with low water content suggests that in‘these conditions there is a Kinetic
barrier that prcvenls formation’ of active dimers from folded monomers,
K‘lunn.mn (1959) propmc.d that'waler-is n plcdmmn.ml i folding u\phnul the role of hydration of polar and nonpolar

‘component in protein folding, m.unly as comcqucncc of the : :
unfavorable entropy "of “watet. molecules:, near’. nonpohr "
residues. More recent slud:cs on the mh_ of walu on prulu :

ds on prmcm stability (Prividov & (hll, 1988;
& Privatov, 1993; Privaloy & Maklntadze,
Cand-other studies (Rupley & Careri, 1991
1987 ‘have ded 10 the concept Uuig water is
ental “in the Tunction aimd sability of potein -,
cer, the precise contribution of water, snd prnatdarly
weh wider s nealed for protein I'nihn-g anfor
ion of oligomeric proteins, is not known,  As continu-
* ation? of studics concerning the contribution nf water in
spccmc cvents of enzyme mobility (Barrabin et al., 1993),
Tihis work explores the water requirements in monomes
- folding .and dimerization of homadimeric triosephosphate
! ! A isomerase (TPI).!
K‘Mcx{:‘:"g'uir‘;:vgé:lcc"omgr" Universidad N"“Onal Aulonoum deis TP is formed by two identical cight strand f/cc subunits

" Universidade rulu,u do Rio de Janeito. 7 5 LT D of-around 26 000 Da. It c.ullyns (hc mlucnn\uumn nr
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through well established mechanisms (Albery & Knowles,
1976, 1977; Knowles, 1991),  As & side reaction, I'Pl
cutilyzes the formation of methylglyoxal phosphate (Richard,
1991), and in repeated catalytic cycles; it undergoes specifie
covalent mudifications (Tang. et al,, -1990).
structure of TP! Trom several sources (Buunu etals
Alber et al,, 19815 Lolis et al 21990, _\Vl(.l'ul[}.l et
1992: Noble et .ll 1993, M.m;h. [
dcu.nmnul .ll Ingh xu.oluno:

(\Vah.y, 1973, /_.lborl ot .ll.. l980).
(Garza-Ramos ¢t .ll 99"1)), thie.
reaction sequence \v.ls deri !

M;. Mr stands for a. monomcr compc(cm for dxmcru'luon
wuh u structure dxf&rcut fron l|hl( in lhc c.u.nlylxc.llly active

do not furm the

e “In both .sl.md.lrd .nqun.oux
medin, und revi

t ll.l.lllV(.ly lu\v pm(un

The lmtcn
(Rupley & Curcn
Silvaet n!,, 1993

nd' pn.vnously erortcd data

dimeric TPI If s0, (Iu.
llu. dlfh.u.nl u..u_(mn',

charnclcrlsllcs ofconlormcrs related to'the. I’orm
TPI dmu.r, uud to duc mmc (hc

dlnn.rs Thns .dlowcd lln. d
\VJ(LI‘ uqum.d ful )

Triosephosphute

P Abbrevintions: BAEL

N-benzuyl-tearginine ethy D ester; EUDTA,
ethylenedimninetetr te; GdnllCl, guanidine h)dmchlmuh s

spectial center of mass; P Imnq)lm\pll.nh. inomerases W atio ol
water 1o Mll"l‘-l'.'lullll nuler “'t—\

The erystal

: ‘cont.nnc.d ’300 mM cuy!lrn Llhyl.lmmomum Inouudc SUs-

‘have * been  deseribcd

. mM triethinolamine, pH.7.

ks & Klibanov, 1985; Ramirez- JED I‘A 33 mM L.chcr.lldc.h)csh_ 3- plmsph.uc 0.2 M NADH

sested that systems wnh a Iow waler’

: 'ccnlnfug:mo

uypxin. ‘
u_lylnunLlIlyl.lmm()mum hmnudc. ”"- ocl.mc hcxnml a-

Fermindez-Velaseo et al,

glycerophosphute dehydrogenase, NADHL and glyeeralide-
hyde 3-phosphate dicthy) acetal were obtained fronmSigma,
Glyceratdehyde 3-phosphate was prepared Trom glyceralde-
hyde 3-phosphate diethyl acetal:is described by the supplier.

5 Suyhc.m uyp\m,mhulnlm WS from” Worthington.  he

activity ol TPLE il dgueous mixtures: measured s

ducnbul LI\L\\‘IILIL' (Rozackyetal,, 1971). strotnd < 000

mml/(mm'mL) with glyceraldehyde 3-phasphiate as substrate,

Pl cumcn(r.mon wis dc(cnnmul by its absorbanee at 280
= 'ky etaly, 1971)

ic basic systcm for reverse micelles

water: wlubxlny

ihed: (Hilhors
‘)_‘)2_). “Undery Hu
n'liL"('kHcs« iy

Veluseaetal, |
tion ol v
al., |
CAssayof:
activity ‘was mesitred
contitined:6.0% wa

I all cases
s “mieelles thit
willer: ph.lsc contained 40
mM dithjothreitol, 10 mM

)

7/(5 ol a-glycerophosphite
d‘.hydro;,umqe The Iaiter enzZyme: was introduced after the
micelles had been forined with'the ‘aforementioned compo-

fm_nls prc.\'musly. .unmnmum sulfate’ in” the enzyme was

1992b) - by filtration—
G- 50 columns equilibrated with
0.mM EDTA, and { mM dithio-
lhc il\s.ly n(’ I‘l’l .lcu\'ny, an .lhqlm(

40 mM lnc

Reaciiy ¢
M: C‘dnHCl of A

by- injection of I /1]. ul the dumlurul cn/ynr xuln 'H) ml

“of réverse micellés formed at the glc\md waler u)nncnlmxmn
2 with o solution of 40 M tri
“and 1 mM dithiothreitol, piL7.

10 mM EDTA,
sfer of denstured
TP o' reverse micelles’ resulted, inat least a 75-fold dilution

~of GAnHCI (maximal Concentration of GdnHCl in the water

phase was 80 ma). The concentration of protein rnged
hetween 1 and 8 prw/ml. of reverse micelles svstem (10—

TTR20 0N manomer, oversll concétrion), As the concentia-

ton ol ‘miceltes s b= md taane et al, TEHL en



Water Requirements in ‘TP Folding and Dimerization

statistical basis, not more thin one monomer will be loculized
inasingle micelle. After transfer, the system was incubated
at 20 ¢C. To fullow reactivation of TPL wliquots were
withdrawn at various times and their activity

contained O.0% water (v/v); Wy == 10,6 No reactivation ok
pluce during the activity nc'mnununs. i.e; ‘luwny was
lineur with time, ‘"

In several experiments, the LOIILLHII.HIUI\ afiwater in lhc

system was varicd during the course ()l eI Teactivation,
s desired, ”“-.'

When a deerease in the amount ol w
reverse micelle system was diluted with' i mixture of dry
cetyltrimethylunmonium bramide, si-oct i he mn) or

reverse icelles it had the desired water: coneentration,
When i rise in water concentration was u.uJuJ, .m .lhquul L

ul an .u]uwux xoluuon ol 40 mM lnuh mol

TPL u.msl‘un.d 10 reverse mxccllu: lh.lt h.ld wiltér at the 7
llldILd When -

coneentration in which reactivation ol 'TP]
changes in wiater concentration were de during reactivi
tion, the same changes were made in conlrol TPL Reuctiv
tion is expressed as percent of the activily of a conuol that
had not been prosud 10 GdnHCI but thiit had undcrgum.
identical chunges in witer. umu.nu.luom. It is noted that
llu. sl.ll)xhly ol llu. n.mvc enzyme was nm .ll'l'célcd by such

consmn! for al lcz:sl 4h h irt
ol the micelles.

Ingrinsic Fluoreseence,
.smn spu.(m of ll’l in‘reve were (lLlL‘I‘lllIllLd in

nlluofmn:.(cr will2

In all cases, emiss
snmplu: (\vilhoul'

lc;ls‘l SO%. \Vln.n ihL L\‘y
S’i) or l(.\\. lL‘.'lCll\’ m(m "

tion remaing at .|lmul I()‘/a (Cv
indicated that the transter of lhc (lm
micelles with o relitively® low’ w
structures that bail o form e n‘lly i

ers comuu pmdl
illy active (“llll‘l

ayed, As
noted, aetivity wis always measured in reverse.micelles that

“time at which reye
: dry basic ml.\.lur-' 'u.nvuy wits measured after. 24 h ol the water

mn slits
| Lxululmn wivelength -
md:.d bn.l\vu.n 200 and

""_[l.ll'l\\’il)’ ln i active dimer aC lower we

Sisir

“eours
i which water was alway

“noted ubove, d«.n.llurul TPy
Swith-3

'undurbmng dumrl/.mnu longer times of incubition in 5.0%

llcll. :
we explored i the mslu nl Llcn.lluml Il’l munmmn o s
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aclivinion in reverse miceles after a
5%t 3% wiiter transion. TP denatured in 6.0 M Gdnl IC) was
transferred 1o reverse mieelles thar conrained 5.0% water, yiclding
i concentration of 3.7 g o protein/miy of reverse micelles, Afier
5 'min, the witer content-wits decreased 1o 3.096 by mixing with

FIGURE 1: Kineties of:

. the dry basic mixture for formation ol reverse micelles (@), or with
o equivalent volume of reverse miceles with 5.0% witer (O) At

the indicated Aimes, aclivity was measured, The'inset shows he

e micelles with S.0% waler were mixed with

jump,

f
rt.\'cr\c !HILL“LS \vnlh high water concentrations (> 5.0%;: W
KN ‘)) conld: yu.I(I structures capable: of - ll)ll(l\\'lm, the
coneentrations,

Ligure| .shu\'s the’ sl ol .~.l|Lh

Denanared TPEwas translerred (o réverse micelles with 5.0%

wate |I'|v.|25 min ol incubiation,. the waler: ¢ontent of the
was diminished t0°3.0%. At this time, TP activity
was-hardly: detectable; however it pmgrcwvcly appeared
with the time.of incubition (Figure: 1) After 24 h, activily
wiis around 409 of thit:of the; native enzyme. The time
of reactivation of denatured TP in reverse micelles
i conct.nlr.nurm ol :5.0% is
.mnn was close 10 100%:. As
rc.d 1qu'uly to micelies
0% water;underwentrenctiy Lmn of ubout 10%.

dings of l‘n_.,ulc l illustrate, that 4 bricf incubation
(l TP mansomiers in'reverse micelles with o water
)%.produced a1 substantial amount of conformers
‘hnumlmn ul m.u\' dun' 'm %() it \V-IILI. .'\n

also shown; in this case,red

of denatur
,wnlcnl al's
unmpuunl lu

roduce a7 population’ nl C()II[OFI]‘IL‘H compclun fm

up: 010 mln) did not result in-higher reactivation
of ll[,lll“(. 1).. The Kinetics of reactivation at various
1 concentrations (Garza-Ramos et al., 19‘)7b) show that
lumunL step for formation of, the active dimer from
unfolded? monomers™is the bimolecular step. Henee, in
w o reactivation in micelles with S.0% water, the
reiictivation. that is observed after a 5.0=3.0%. water
FSHION Ry imdicate it ar e losw waler eoneetiation,

Sthereis an cquilibrivm between M, ud competent monomiers
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90~ My == 5% 1,0 S 4 1,0 :
o
S 70
S
2
= 50
(%]
(=]
W
Q: 30_
B
10+ ¥~
o
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Fietne 2 Amnum of il
ulum'll/mluu hl u.-vc oloenlwns us-in Figuie 1
e had the indicated water
wnunlrmmm .md mLul m.d for 24° I In7thie trce depicted wuh
(0), denatured TPLWwas translerred [o reverse mlu.llc_s with 5
w.mr' alter 6 nnn lhc \v.u;r concentration”of various uliquots \v:ls'
hown by mixing with: different
volumLs of dry basu. mixture, or by:udding aqueots buffer so as
lo yield the water’concentrations” shown. The samples were
incubated for 24 h .md i ‘nvuy wils measured, Ce

(M ) that are able (o undurgo dum.r
in the number of” producuvc ‘collisions . duc 10 -:ower
concentration of competent monomers:.

The duta in_Figure 1 also show that, at c.qu.\l prot

with 5.0% than with 3.0% water;. Les, the h.lll liv
maximal reactivation were 110 and 260-min; res, sectively.
This suggests that, in addition to protein. concentr: mn. th
rale of active dimer formation is controlled by th Wit
content of the micelles,

Water Reguirements for Monomer.-F ol(/mg and 1)unu' ;

ization of Denatured TPI in Reverse Micelles. To estimate
the amount of water required in the two general su.ps of th
pathway (monomer folding and dimerization;sce rcuc!m

sequence 1 in the introduction), reactivation was meastred’

under two_conditions. In one, the enzyme was transferred
directly (o reverse micelles with different”water, cont
(lmc«. delClLd by dou.d cuclw in Fxburc ")

wiiter; |l(u 6 min, thc \v.lu.r conlcn( of llu.
adjusted to various levels (open’ ciréles in Figure 2)
uses, activity was measured after 247}

the amount of water uppeared- :.lymm Jal.
I the experiment off l-lyuu

reflected water requirements-in the overall process of sictive
dimer formation, Inithe '{:IlllplL‘\ in which. the denatured
protein wis first incubated in°5, 0% waler to allow monomer

folding and subsequerntly exposed’ to- different water. con-
centrations, the level of reactivation” indicated the amount;”
SOl is

ation. I‘IOI’I) the llll\'

of water required for dimer

»

evident that more water is needed for monorer [olding than
and 3:2% for_half-miximal =5

for dimerization, -i.c., -3.6%
reictivation, - . .

Stabilization of Competent Meonosners in the Surmation
of TP Dimers,

for - monome rul(lmy iind .

tired with 6,0 M Gl 1C1 -

ation and/or 1 reduction

n.:
concentrations, the rc:lcuv atjon ride was hx;,hur in lllILL'”L9 .

In sthes (wo o
conditions, the curves of the um.nl ol reuctivi umn \'Lrsus B

setivation ol deni mc.d'
TRI transterred direetly - 10° dxll’Lan( witler ‘coneentrations -

When denatured 7P was- transterred 1o

Ferndndez-Velasco et al,

T——————
120 ¢+ 180
hrne (mmules) o

Rc:lcll\'minn ol denatured TP llﬁtl‘ m‘ 10 20% W’
5()’» water transitions, The: protecol wins- s in Hrnw  BACep
thit S min after teansfer of T80 deastared o8 M CdricE o
reverse micelles with S.0% water, the water content of the system
wirs deere tine zero in the figure, AL the times
shuwn by the arrows, the w, v brougeht
back again 10 5.0% by addition of aqueous bufler; activity was
measured at the times shown (©), The lrace with (the arrow at tine
zere indicites denatored TP transterred to reverse micelles with
5.0% water that was diluted alter 5 min with reverse micelles with
5.()/ waler.

reverse micelles with 5.0%. \v.llu. the’ uv)'mc reactivited
“tovi «lu«.x of 80% or more.. In cantrast, when denatured TPI
sferred 1o micelles: wnh 5.0% water, follawed by a
ducnon in_wiater concentrition to 3, 0%, reactivaticn ringed
l)C(\VLLll 35% “and S096.5The lower e ictivation after-the
k sulon mdlc.nul lh.u, at the latter water
opul'llmn ol Mu and Mrlunncd in'5.0%
tows nd

0% walerlo ulduu. lorm.umn of lhc fuldcd nmn()mu“ '|ﬁu‘
min,’ lhc dmounl ol‘ \v.uu Wi m»:}cd‘uccd 102 .0‘70. H.|rdly.

$ bro ghl back to
0%, rcm. tion Wi rcxl(md (closgd circles I &,lxu. 1) It
nolcd lh.ll, after:30:min in'2 0% w.uc:. i i wiler
com.t.nlr.mon ‘produced a rite of resictivation that was close
‘1o - that- of - the’ - eneyme ‘that throughout . the: experiment
sremained in 5.0% water. Al longer times ()l incubation in
- 2.0% wader, reactivation was slower. These resalts indicated
that by decreasing, the mmount’ off water in-the micelles to
‘ues of 2.0%, it w possible 1o stabilize competent
monumers uhs(.um W length of time!
Stbili Zation ol mununwrs by 10.5.0—-2.0% waler transition
wasulso. obsérved-at different-eXtents of resetivation in-
~micelle wnlh 5. 0‘/n water, -In the experiment of Figure 4,
ion 01' TPl 5.0% witer.was allowed Lo proceed
es VAL NS stale,. i feduction of the waner>
activation. Note that, after the
decredse in wr u;r concentration, the activity of the previously
- formed diniers was, m.un(.nm o When water copeentration
wils hmuyhl I).u.k Again o 3,05 renctivation reappeire s’




“poes during reactivation were determined (Figure 5).

Water Requirements in TPl Folding and Dimerization

500-1 .
400+
300+

200-‘

Activity (Pmol mintmg)

100 4

Time*(’ﬁoﬁrs')

FIf‘UI{! 4: Arrest and reinitistion"of TPL renctivation, Dm.mnui .

elies with S.0% wate

The time course is ilustrated by O, At diflerent tines of reictiv

I'P1 was allowed to reactivate in reverse mic

tion, the following protocal was followed, where /4 indicies a waér.,

iion: (0) 5.0 £ 2,09 (24 h) —= activity; (&) 5.0 M/ 2.0%
I8 h) — :anvu)' (O) 508 £ 2.0% (1 ) M 5.0% (24 1) — aetivitys
() 5.0% £ 2,0% (24 W) ~7 5.0% (2.4 h) — activity.

henee, in 20% water, both the active and the inactive
structures were stabilized. Tt is pointed out that as the time
of incubation in 2.0% water wis prolonged, the extent of

reactivation was fower, but even after standing fora day at .o
2.0% water, at least 40% of the monomiers were able 1o

dimerize after a risein witer concentration (Figure ),

Intrinsic Fluorescence of TP during Reactivation in ;
Reverse Micelles. Iy reverse micelles, reactivation of 1Pl

occurs in times muoch urger than -in convention: i i ater
systems. “Thus, in this system, it is relutively casy 1o .smdy
the structural Lh.m;,u. that uccompiny re: 1ctivition, . Accor
ingly, the changes in intrinsic fTuorescence that TP undcr-

to these studies, the speetra of native TPHin réverse n
thit contained2,0%, 3.0%, and - 6.0%. water,

cquivalent concentrations of 4.0 M GdnHCL, were duunumd
(Figure 5). In Teference to native 'UPL; the dumlulul I

a higher spectral center Of mass (SCM) :

To follow the possible. chinges:in intrinsic ﬂuorwunu.
that TPI could und«.rg,o during reictivation, the enzyme s
denatured for 1 h instandard aqueous mixtures with 4.0 M

GLInHCl Al (hls time ol aliquot was transferred to 3,0

ned 2.0%, 3.09%, and 6 0%

willer, ’Iln. {luorescence : spectra - of the. samples were

protcm wiis hl{,htr lhm !
entrpped in reverse iieell

cn/ymc. The re.lcllv ation ol the’ s'lmplr. in 6.0%
83%, whereas in reverse micelles with 2%: 3% Wwater,
reactivation was 5% und l"%. rcspu. vely: [tis noted. that

' TPl umlu

o lullu\\u.l by
: luunnpc.(cul

& .md that ; of' B
denatured TPL u.mslun.d 10 reverse micelle formied with®”

ryme:
z.xhlbncd a spectea witl i hu,h«.r Nuorescence umssxon .\nd

“question addressed was if the conformers that exist at

,"7 0 fu \‘\"

rcu)rdud wuhln 5 min alter lmnsl’t.r (.u lh|s time, l|.lrdly any.

‘monomerization (Sawyer & Gracy, 1975).

“systems can be smcc\\lu Iy triapped inre
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for Muorescence measurements protein concentration jn the
mnge of 8=10 pp/nl. of reverse micelles had. o be
employed, i this coneentration rnge, the rate of reactivi-
nnn was still dcpt.ndun on pmtcm concentration (ol shown).
wges in fTunres and-activity that 1quuuctl
uil in reverse nyicelles furmeed with 6, 0% wi aler
lhuc wis il

and: Incaniperent
ig on the v uu

nd Im\\' the amotmt nf wilter
ce llu. bCM .uul lllu n:l.lu\'

! ot (mwmp«.(cnl munnmu)
I'u llu Hum seence \pLLlhl nl th

d'16:5.0%,; \'lchlulL wspectrum snml.u W (h.u ul
mpeicint monomer: (Tuble’ 1) These findings showed
theumount™ ol water _is central to™ the - tluoreseence
properties ol correct and incotrect monomers and that there
are: no_obvious differences in their intrinsic fluorescence,

'I-(I/J/JI'III' in Reverse Micelles of Conformers Praduced by

GdnlICli in Cam'enlmlml Aqueous Media, Concerning the

stabilization - of ‘monomiers in reverse micelles, another
HIUH.\
concentrations of denaturant in conventional agueous systems
muy also be rapped by trnslerring them to reverse micelles,

I'PLwils incubated with various concentrations of Gdnl4Cl
in stindurd water mixtures for 2 hy at this time, aliquots of
the various mixtures were lransferred (o reverse micelles with
tmmedintely. ifier transfer, the activily of-the
nn\ ures wis me asured (open circles, Figure 7). The

lrl()ll

»ubscn'cd \' lucs are considered to reflect the amount of dctive
diners msun; at: the time ol transfer, Alter:

4D ol
s ugain measured. o all sdmiples o’
ctivi luon was observed;i.e. l(l‘%k‘

heir
y.was mc.nsurul .lllcr 24 h (cluscd cnclcx, [% x{,urc 7).
ignificant activiion was observed in the suples tiat had

“been exposed 1o GdnHC! concentrations between 0.7 wund

1.0 M. tnthis concentration range, GdnHCI produces 1T
Henee it would
appear-that monomers of *FP1 formed in canventional water

semieellen v,
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FIGURE 5: Intrinsic fuorc.su.nm. emission ﬁpccu"l of native, denatured, and reactivited TPI in reverse micetles, Native TPLund TP denatured
in 4.0 M GdnlICl were transferred 1o reverse micelles funmd with aqueous buffer or o solution of 1,0 M GdndiCl, respectively; the
coneentration of these solulions in the reverse mivelles was 2.0%, 10%, or 6.0% (s shown, Traces ¢, I, and § show the spectiy of mative
T mleeltes Fonmed with 2,0%, 3.0%, ud 0.0% aifer; e dashed fines depict the spectrn of the et enzytne I reverse nideviies
formed with 4.0 M GdnHCL Denatured TP was wso transferred to reverse micelles formed with agueous budfer at a concenteation of 200,
3.0% and 6.0% water. Traces a, d, and g show spectra takien S min after-transfer, Traces b, e, and h show the speetriof the Buter smnples
after 24 b, The conceantration off C:dnll(.l in the aqueous phase of sl sinples (exeept those shown by the dashed Tines) wits adjusted to 00
mM,
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Figury 6: Fluorescence and uctivity of “UPY during redetivation, %

TPE was denatured in' 4.0 M GdnHCand trinsferréd. lu reverse
micelles with 6,0%  water, AL the - indicated t S
: ﬂuoruzu.nu, spuclrum and .|cl|vuy \vm. du-.rminLd

ol TP that: had been
Pl wu\' :mulmlul for

ﬂuou.sculu. (mlumly at the spu.lml
enzyme underwent in 24 h, .

Table 1+ Intrinsic Fluorescence of Conipetent ‘and Nonéomparent
Monomers in Reverse Micelles with 2.0% and'5.0% Water? -7

condition SCM #" % rel Nuorescence intensity
5.0% water 343 5 T P 3877 o

5.0% M 20% water 3da - G241
5.0% f 2.0% 1 5.0% water Jdq g - 3686
2.0% water 43 S 665
2.0% I 5.0% water 344 . AGT-

TPL was dematured in 4.0 M GdadiCY for 1 b and therd
transferred to reverse miceles tiat had the indicated watter coneent
tions, #/ denotes that water concentrtion in reverse micelles was -
chimnged to the level indicated,  Five minutes sfter ransfer of 1710
reverse miceiles with 0% or 5.0% water, fluo e einission spectin
wure teconded, Alter these trirees were obliped, wa clianged
to the concentration shown, and e spectra were again recorded.

ll’l wis easured,
\'m' fiok p(.uc ina
.xhuul 80% whereis
isc of the lower
studied). Neve
mlulu(ux readily
.subg,uls lh.n

2.0% water in @ state competent for subsequent formition
of the uctive dimer.. .

Cuuses for Lack of Dimerization in Reverse Micelles witl:
2.0% Water. In reverse micelles with 2.0% waler, competent
monomers do nout form an active dimer, " This
centry) for the trapping of monomers that upon a
concenteation follow the puthwiy toward active diner:
the question arised as to the causes that prevent dimerization 5L ;
in reversc micelles with 2.0% water, Among severil i), n"umcnx' lh.ll stabilize the dimerie
passibilitics, this could be due to hindrances in-the transfer ,.n relatively high waler ('nur('nll.llmm ire
ol twa manomers to o sinple mdeetle, This allernntive was - - m cdcd o suminn \uch .u:.mpum Ill\. LT

l\‘v‘() m()ll()IIILI\ ((‘l i I'lll“|(.
e llhll, III mdur o i uin
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% Activily

100 % H,0
o

10 20 "30"°40 50 . 60
Time (min)
Figure 8:  Inhibition of trypsin activily by the soybean trypsin
inhibitor in reverse micelles with /
formed at 4 concentration of 2.0% water that contained 100 mM
Tris-HCI, § mM CaCly, and either 0.06 geM - trypsin or . 0.06 M
soybean trypsin inhibitor at pH 8.0, At time zero, equil volunes
of the two types of micelles were mixed. At the indicated times
aliquats were withdrawn and their setivity wi ayed in revi
micelles that contained 0.25 mM BALE (overa

shows the .\Luvuy of teypsin preincubated in aqueous nudm \\'Illl
tnhibitor for 5 min,

DISCUSSION

Intermediates of “the “folding . pathway - of - monomeric

N

proteins have been trapped under mild denaturing conditions,
where neither the folded:nor the unfolded states are stable 7
so trapped &
using i
protein that keks its proyregion.. In oligomeric proteins, the' =

(Mughson ctal., 1990), Buker et al. (1992) have ul
an intermediate in’ the. folding ol a-lytic proteas

stubility of intersubunit contact has been altered by higl
hydrostatic pressure. (Silva. & Weber, 1993), aimmonjum
sulfute (Girg et al., 1983), and site-directed mutagenesis
(Ahern et al,, 1987; Casal et al., 1987; Borchert et al., 1993).

Flagen et al, (1990:,1) studied the renaturition of monomeric -

proteins in reverse micelles, Were jt s deseribed that by
decrensing the water content of reverse micelles, it is puss

to stabilize monomers competent for formation of dineric;

T'PL as well as monomers formed in aqueous media. In both
conditions, the tapped monomers remain in such’ slate:-for
substantial lengths of time;
destabilizes the monamer and dimerization ensués. - Thus,
it was possible to determine that less water ‘is ru]uuul lor
dimerization than for monomer folding, [+

Intrinsic Fluorescence of Coufmners‘ I/n'olvul in Ilu:

Cormation uf Active Dimers. {The slow time course of TPL

reactivation in reverse micelles .1ll0wcd -studies” ol the

structural changes that accompany reactivition. - Upon
transfer of denatured TP to réverse micelles with a relatively
high water content, the:protéin acquires Muorescence char-
acteristics that differ-from th f-the native and unfolded
enzyme, Its intrinsic, ﬂuon, 'ane is hxbhe .md its spcclr.\l
cenler of mass is intel
nalive enzymes, With'tin ,c.ll.llyuc :lcnvuy pm[,ru.sslvdy
uppeirs, Lunuun,l.m( 10 duuu, in-emission {luorescence,
When nctivily and . lluon enee: no‘ Jlonger ch.m;,u, llu,
enzyme exhibits a fl c
of the native enzym
the amount of waler
.s(oppcd reactivation

Olll-lcl \Vllh COmle(.ll( IHOI]OIHLI‘

quent rise in the water: concentration rcslorcd rex lCllV.l(lOl’l' :
i related ﬂuorurcz.ncrc chianges. - Hence, the highly. Tua-?
reseent confurmers that-appear; after tansfer;of denatured -

- are rapid: processes (Waley,
failure to detcet a high fluorcscent intermediate in standard -
“aqueous. media may. be due to technical limitations, How-

2.0% water, Reverse micelles were

wnu.nu.mun) .
(@) shows activity at the indicated  preincubation times. - (a).
indicates nvny of typsin preineubited without inhibitor, (O)

a rise in water concentration

15 also obs«.rvud that lowz.rmg s Hence) ini2
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TP to reverse micelles represent an intermedinte step in the
pathway of an unfolded monomer o an netive dimer.: The
dati itlso show that dnucn/,u(um involves i linal sarangenent
of aromatic residues. ;-

.80 far; we have! failed 1o (IL'll.Ll this fluorescent intermedi-

~mcvdmm;, TP reactivation in all agueous mixtures; .,

spectra of TPl obtained 23 min‘alier GdnHCI dilution were
similar to those ‘of the native protein (not shown), Since
dimerization and reactivation of TPI in all .nquwus medi
! 1973; Zabori et al., 1980), the

ever,itmay be.that the fluorescent intermediate with-high
Muyorescence exists only -in reverse micelles. That is, the
Nuorescence:enhpncement of the monomer in reverse ni-

- celles m’ly result:from folding-to a.monomer with high

hut .1I(c|n.m\cl)n it may correspond “to - a

-4monumur- ‘whose fluoreseence is perturbed by the medium
i md/m it interaction with the charged ¢
llldLL(l there is evidence indicating that the /4

ellar.core;
vl
$ c tal, 1991) and phoasphorescence
b) of* protein” tryptophans e

lencu ofllu. highly fluorescent monomer
o in all aqueous media, in reverse micelles
pecies could be trapped Tor a substantial
Moreover, in reverse micelles incompetent

SUTPE honowers could also be Jocked in a state amenable to
V.Sludlg.ﬁ of their-intrinsic fluore
= the 'intrinsic fluorescence speetra of competent and incom-
©petent monomers were

scence, It is notewarthy that

markedly similar. This sugpgests that
structural- differences betweenthe two types of monomers

~mmay be rather subtle, and that other approaches must be used

to-uscertain differences between the two.

© Mohomer—Dimer Interconversion in Reverse Micelles, It
has been reported that dissociation of multimerie proteins
in_reverse micelles is favored by decreasing the size of the
micellar water pool (Kabanov et al,, 1991). Thus, dimer-
ization in reverse micelles involves the association constant
between monomers and the restrictions of the waler space
imposed by the physical limits of the micelle. The experi-
ments with a model system (trypsin and the soy bean trypsin
inhibitor) indicated that, at low water concentrations, proteins
can-interact, In consequence, it would appear that 2.0%
witler in reéverse micelles dues not suffice to support the final
conformational arrangements that lead to the formation of
the active dimer. In this context, it has been deseribed that,
after collision, complexes of multisubunit proteins underpo
further transformations (Rudolph et al., 1986; Le Bras et al.,
1989; Jaenicke & Buchner, 1993),

Regarding the barricrs that hinder dimerization in reverse
nicelles, it is relevant that, with 2.0% water, the activity
measurements indicated that after prolonged incubation limes
(48 h) formation of active diners [rom competent imonomers
was less than - 10%. - On the -other hamd, when aative "1
wis runsferred 1o reverse micelles with 2.0% waler, the
popul.umn ‘of “active. dimers rematined  constant . (100%).
2.0% water: ther
compucm mononu.rs .nul .ltuvc dnnux. Near- Lquilihrium

onccmr:mnm 'lhuclmc. at low, but not at high
2 a kinetie barrier that hinders
mmmmcr—dnnu mlcuunu- sion, .

5 no’interconversion between -

4
W
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Advantages and Disadvantages in the Use of Reverse
Micelles for Stdying Protein Folding and Dimerization.
Lnzymes entrapped in reverse micelles exhibit-characteristics
lh.ll mdy bc ll‘iLd lo slu(ly LVLH[\ n.l.llz.(l to prolun mobllxly

more lhdn 1 h whcn -
nucullu is u~.cd ¢

uunccn(rulinn. ;
advantages over ¢

“”L(l mlct.llu. R:lh:lm
viewed the effects tha

ch.lrg,cd llllCL“nll‘ surface inight prcvcnl fru mobllny of lh(.
prolun and mducn. dlxlomons ofll : mu.nmdl.uu lll it oceur

place, it is clear lh.l N
not affect luun.m(m ol

catalyticully <ctiv “IHowever,” ane- ol the “niin
problems in the tse ol reverse micelles concerns the swnount
ol water that is needed for agiven process,  For instanee,
with denatured TPL ransferred 1o reverse. inicelles with 3.0%
waler (Wy'= 8.3), thére is a reactivation of around 10%. At
this water concentration, there are about 1700 winter mol-
ceules per mieelle, Following Rupley and Careri- (1991),
about 1100 water molecules are required to surround TP1
with a monolayer. ‘Thus, on these grounds, it would appear
that more than a monalayer of witer molecules is needed o
support formation of the active dimer. However, it is stressed
that these figures do not necessarily indicate thau this is the
amount of walter that is in contact with the protein in a
protein-filled micelle. The Iatter is of hinportance, since very
likely these water molecules are the ones that support or
arrest structural arrangements’ during protein folding and
dimerization (Zaks, 1992). In this respect, it is ol interest
thit NMR analysis of water protons in reverse micelles off
the type used here revealed that; upito 4.0%; water exists us
“bound” water; above (his- concentralion, witer protons
exhibit the properties of “bulk” water (Kernen et al., 1993).
Hence, in the evaluation of the amount of waler that is needed
to support folding und dimerization of “TPL bath the anmount
and the state of the solvent should be taken into consider-
ation.  Nevertheless; the: present. results illustrate that, in
addition to other approaches (Udgaonkar & Baldwin, 1988;
Roder et al., 1988; Serranoetal., 19925 Radlord et al., 1992),
witler mity be used (o plob(_ events involved in protein folding
and dimerization.
component of such [)IO(.L
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Charneterisation of the sivuctuenl angd energetic properties sf the infermedintes
an_the fulding pathway of PG from Bavillus stearother hils

M. Packer, S. Dursion, G Jichson, J. Spencer, R Stmiforth & A, Clathe.
Maleenlar Recognition Cesnitre, Biochem. Dept., Universiy of Bristol, Bristo) 888 17D, UK.

Our object for foling/stability studics is the ghycolytic enzyme phophuglyceate kinae fum
Bucttius stearotheemoptilus. “This prowin bas wo distinet doning, cach essentially udopting a
structure compased of i contral [leshieet pached on cithier side by u-hetices, angd vo disulphice honds,
Hius eliminating 1he added complexity of theit Tomeion o the fulding ceaction (Davies ¢f af 1991),

Steady stale it time sesohed Huorescence studics o sigle iy ploplions,  genctically
inserted in and suounl the prorein igure 13, have been used 10 prabe the local eovismiment chiges
incurred as the proteen unfolds by chenneal denameation. By use ol these, aul othet spectrascopic and
physical propesties. we begsnamg o disect the stenctant il eneigene propeitics of the
caquilitirium and hinctic itennediates present on the ol ding pathway,

Figune 2 shans cuthlrm unfoldang praliles for ihe single tryptoplian mstams oailined o
fgure 1. These clendy demunstsate the exsstience of dishinet cquibibriom udetmediaies on the folding
ity il 15y plropliian reporting specific local eveats,
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mun 1 Strusture ol
liombing st uf
uuu.‘..a 250 wand vaghnesiod
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concentration {Satnifurth o s 1923}, This meithod of analysis enables mure accurate eslintiles for
these chinnges, compinad with conventiomal methods, and alsa serves (o iltustrate the cooperativity of
these folding events i les of the aunbict of sesidues that becanme buried upan folding of the
protein. The dats in figure 2 bive beea tilted in this aanoer,

Stupped-flow Nuorarctry sidaes luve atsa been employed to disseet the eveals on the kinctic
folding pathway. An exanple of the late tate-determiniig folding events is Wustrated in figure 3.
Lincar fice energy profiles, constncied by amilysing (he kineties across- the ‘Inte* esquilibrium
teamsitions, feveals the existence of s Kinetic inenmedione, ie. one Wit is not significuntly populated

u u|u|hlmmu We e netently campter si 10 élucidute the proj of these
" T T T
on g
o | wiee 1 - g o,
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A
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Figurs b Muppet Hom flon i borimintig fubt

Litotien of WISY apd W13 (1K mistonds »* °

As eaperimiental evidence suggests that most of the decisions thal detcemine the final
conformption 1 the carly evenls, it is imperative it we deline them, mechanistically and
icatly, Stemdy stide and time resalved Duoreseence resonance eniergy transfer ang circular
diclisny stuties e o being uuplu)ul 10 study the foration of the c:ul)' falding incrmediates.
i und kinelle act

il iy
highly u)u]u:mliu' pu;ccw
I andition, we ae i the fi of i ic i in ihesc initial
of folding. ‘Thes imelves cvating small, nondisruptive dellion mutants of  pared

e resnlus thist iire enbier iean on distin in sequence but within Van der Waals distances in
the luhlul stane, "Ll estent to which shese intetictions e formed in these intenmediales and the
contritutions tliey mihe 0 iheir stabibny e analysed by constructing double mutant cyctes (Fershi e

A, Binston §.G., Smitli C.J., Jachson G.S., Hideoe 1.G., Akinson T., Holbrook J.J. and

Cluhe AR (l‘)‘)'l)Ilnulu-ml\lrv.|1 3R12-1851.
. Litechild LA, nmt Watson JL.C. (l')'JJ) I'rulrln.v Struct, Funct, and
'

w1 bl El i
“r e
“ - al 1992),
R S SRR A
it Hrng ot Py
Sgoted: Bes o s 13 el K, )
B St :

The Bee eneepy dauges tor these Tuldingg il
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A Iul cennains to be Kowin abiout the meelkanisia o lokding, o the lully
T the presenl stdy we iny it ilie senaticatons od cabsbit
Trinseplosphate Ivtiense (TP in wqueons niedis aad s geverse ivelles (RM) Tuau
untolded masimers usitg fliesesccuse emesgy anster (FETL TR0 o il by 1wo
dentical coptn steand ae/gh sl o~ 20000 Da anld it it mverts diliydisy o
plispliate (DUAFY ad D-glyseratdeny de -3 plsphate’ (GAI). e cystal s )
C [RUES
1M poanisine hydiowd ¢ AGIIICT) 3], T denaiined ey v iy
antivity whon the denaturaut is difmed. TE cactivation Fom antaldy S 08 paoin
comcenttative depesdont in sspenus media FUS]amd in RM (6], 00 s been peopused il
e tafualbed wononier i G Gabded i momner able i lom e cotatylealy ative
dinet, AU elative fow paotein concentradins, Hie aoe limitiog siepr is ditieriz This
prowess iy much stower in RM tosned tom 200 mM liexadeeyluiectty l-uulmmuuu omde
b potanedhexaml 8.4 viv, allow !
dietization and weactivation. 11w
snathans Lesulbonic acid)
CHHICY i o of s Dee aminn gronps.
Muonptines was g 1o asaay cessucation and (o cogielae i witle eacwati
Tabielted wutolded MUCES 1CaNSEcTate s 1 maive ones slter stassing: the tetohb
by dowezing the Gl i¢T cancentrativn.
Methuts, 111 was Labelled Iy -lmuluu.' i i budbes S0 @M Pais-1CT pIEAS comtaining,
1S-ALDANS oF FTIC it a S o 3.5 o) i tespectively amd incubted foe 15 s
in the dutk. Free dye was climinated e Sephatex Go B9 columms cquilibaed with 40
ieth ine/ 10 M cthylenediamine tetacciate/t mM dithiolciml, pll 7. l(!mlh: A).
‘The swichivuetry of Jabiellingg with cithee 1 was il i3
Activity was measuzed as described [6,7). The efficicncy (£) of FISE hetween (lmln\ was
ined by encasuring the intensity ot |I|= dagoe Dith in the presenee (2,)
amd ahsence (£,) o the acceplor as given by:
Results und Discassion, Hom 1L5-1AN IJ/\N\‘ Iu lII(’ Tras been usead tie estinmabe
axsaickation amd distanices it labefled proncins (K], {lese we caployed “TF1 labelled it these
o tluarophiores o sudy telolding and seassaciation in agueons edio ad in RML T

Intrucuction.
wilalided

TIAEDANS (111 Labselted with |, 5-TAEDANS) and ‘TPLFTTC CFPH Jabelled with FUTC) were
septately denanivd with L0 M Gdnl10] fug D le, ‘Theteatter, atisuats of buth santples were
Al the mistiae was teansfercd 1 bidfer A ar RM condiniog 0.0% watet,
the demantant more s 1KE tines (06,0 0 fiuad in RM). Recovery of activily
and Moesience spectes (excitation 18 30, weee measured simullancously as a fuoclion
o i 1, specton Y, panel A (in waies) and panel 18 (in RM)]. Comrals were made
as lollows: “TEIIAEDANS (o TP1-101C) and TP) without label were spatately denatured
with .0 M Gdal 1] as indicated above sl combised and then ansterred w botfer A or RM
totmad with 6,0% waler |Fig. B, specira | and 2, panel A (in wates), panet I¥ (e RM)]
Spectruus - iy (e sum of speciea | and 2. Spectrum S correspoads o the emission of the
lomor in the wixtuse of interest wid is mathcmatically obtained iy muhiplying the specnm
1 by the tactor #, 48, Similaly, spectinn i coggespands (o the e n o the acceptor in
Hie ueiatne abitained by subitiacting, » a 1 aml 2 with
spectia § and o, indicates that iu the PI-IAEDANS
Glewaease it e caission o tie dunor) (o (inctease in the emission of the aceeplor,
B aguenns metia 1P senatutation ovenrs veey Jusl, i, the encrgy ransfes etficiency
olserverl 2 or 3 uinates afier denaturant dilition was 0.3 and re el constant alice 24
Iwwrs, I KM, e kingtics of achvity recovery and energy .unlu of the mixiue of
e labetled with e and acceptos ate veey diflerent, Fig. 2 shows that in the first
ul (33 minn), the ebliviency ot the eocrgy seansfes wan alicady (.18, Tluwever, ot
um timwe dhere was ae activity. A 24 lones BOAVA of the aqiivity tecovered, and she
¢llivieney of was (1L25, fhese resulls suggeal thal since in RM collisians between
micelles oveng i e mitlisecond range thow is cnough tine for eneigy anler between
o and acceptor Labelled TEE ammaers Wetore the functional dines is fommed, In time

(.22 he). these collisioms yichd diniers whidh become active amd toctease the etliciency of
civagy nansled atimal 0 the value obtained in sgueous media,
et v
ot .1
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