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Tryptophan Fluorescence of Mitochondrial
Uncoupling Protein
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Abstract. Mitochondrial uncouphng protein (UcP) contains two tiyptophans bu-
ried 1 fransmembiane a-helices Trp-173 at the matrix end of fourth a-hehx and
Tip-280 on the sixth a-helix However, the steads-<tate emission of wolated UcP
exlubited properties unusual for a-helices maximum close to that of free tiryp-
tophan emission and low quantum yield of 0 04 The former suggests prevailing
t1yptophan contacts with hydrophilic residues and confiims Tip-173 proximity to
the water /menbrane mterface and Tip-280 location near a water-filled nucleotide-
bindimg-«ite cavity The latter mught mdicate that transmembrane segments are not
true a-helices VMeasured depolarization factor of 0 6 suggests also then  breath-
mg’

Analvsis of UeP emission decavs measured by time-corelated-<mgle-photon-
counting, vielded components 04 06 ns 22 3 ns and 9 10 ns (or alternatively
U1 15,43and 122ns 01 01 03 12 37 and 10 5 ns), very sunilar to those of
free tiyptophan m water where the longest component belongs to anionic form
Hence such an ‘amonic’ couformation must exist i UcP perthaps as a conse-
quence of charge-transfer compleses between Tip-173 & Lys-174 and Trp-280 &
A1p-276 Noreover N-ethylmalenmde modification, known to mduce confoima-
tional changes, prolonged the 10 ns component, decreased quantum vield to 0 03
without changes i emission spectza while slightly shifting absoiption to 1ed and
1mc1easing ty1osme exposure to water

Key words: Infiamembianc tryptophans  Integral membrane proteins  Mito-
chondnal uncouphng protemm — Tune-corelated-single-photon-counting
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Abbreviations: \[OPS  {-morpholimepropanesulfonic acid NENL N-ethy lmale-
nude Oty IPOE  octvlpentaonyethylene TP uncouphng protein

Introduction

Tiyvptophan fluoiescence m protems provides an mtrmsic probe usctul to under-
stand some structure/function 1elationships Nevertholess the time resolved emis-
s1on of protein tiyptophans 15 complen (e g Beechem and Brand 1985 Eftig ot
al 1987 Ssmacmshr ot al 1988 Peng et al 1990 Chabbert et al 1991 kawata
ard Hamaguchr 1991 Vailey 1 al 1991 Lakowiz and Giyeosinshy 1992 ham
et al 1993 Hasselbacher ¢t al 1995 Ladohkin and Holloway 1993) and has not
been fully understood This 18 also valid for tiyptophans m membrane proteins
(¢ g Ferrewa and Verjovski- Almeida 1989 Klemfeld 1989, Bigelow and Inest 1991
Ladobhin et al 1991 Lakey et al 1991 Gonzales-NManas et al 1993, Rodionova
et al 1993) It has been shown that a comples decay pattern observed even with
a smgle Tip residue m a protem caasts because of the exated state heterogenetty
{Ilaim et al 1993) This nught 1eflect a multi-set pattern of general energy transter
on subpopulations of the conformational states of the given protem It 15 argued
on what 15 the prumary cause of the complex Tip emission decay Is it a ground
state heterogenerty given by @ priori existence of the conformational states? Ot
15 1t « priorr (asting ever changing pattern of multimodal encigy transfer of all
hind {(not only Forster type) which proceeds duting the lifetime of the (xated Tip
state” Sone well documented cases suppott 1ather the latter pomnt of view (K
ct al 1993) Consequentls m the case of two- Lip-contaimng protems 1t 1s almost
nupossible to ascuibe discietc decay compounents to the particular 1esidues unless
additional cffccts cause a vers spaahic” cmission of one of them The situation m
A dvnanie protein 1s somewhat analogical to that of fice tivptophan m aquoous
solution at pH 7 Tip exasts a4 form of two different 1otamets and the amonic
form producmg a coresponding trple-exponential emission decay (Creed 1984a)
Besides the major mfluence of the conformational dynamics some other specific
cftccts may contuibute to the nature of Tip emssion For example the hy drophobic
emvnonment leads to a bluc-shited Tip emission usually for Tip located deeply
w the protem cote Moreover Tip located 1 the regular a-hehces usnalls exhibits
high quantum vields (Becchem and Brand 1985 Chabbert et al 1991)

The uncouphng protem (UcP) of bhrown adiposc tissue mutochondila 15 a
model prototype of an mtegial membrane protein, suitable for studies of struc-
turc /function 1elationships (khingenberg 1990 Nedergaard and Cannon 1992 Jezek
et al 1998) UcP belongs to the gene family of dimence mitochondital amon porters
with howologous trad sequences that determne sic frapsieibiane a-helices per
monomer (Khngeuberg 1990} Having most of then stiucture embedded m the
mcubrane short cytosolic and much longer matun segments these catrers repre-
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sent typrcal mtegral membrane protemns The a-helical structure m a 50% propor-
tion has been documented in UcP by Rial et al (1990} UcP translocates anions
m a untport mode (Jezek and Gairhd 1990) It forms a puiine nucleotide-sensitive
pathway with a strict speaificity to monovalent unmipolar amons (Jezek and Gai-
hid 1990) mcluding fatty aads Physiologically UcP probabls mediates fatty acid
(velg leading to HT wmport and consequently, to the uncoupling of mutochon-
diia (Gaihid ot al 1996 Jezek et al 1997a b 1998) UcP contams two trvpto-
phans Trp-173 and Tip-280 Tip-173 15 located at the matiix end of the fourth
transmembiane a-helix Tip-280 hes 1w the middle of 1ts sixth transmembiane a-
helin that aligns the nucleotide bindimg domam (Klingenberg 1990 Mavimger and
Klingenberg 1992 Modnanshy et al 1997) The UcP mtisic fluorescence has been
studied by Viguerra et al (1992) but as shown m this study then data had to be
1e-ev aluated

In this work we analvzed basic absorption and steady-state emission propet-
ties of UcP mtimsic fluorescence which was also studied by the fime-conelated-
aingle-photoncounting We demonstiate that although located on a-helices UcP
t1y ptophans possess properties surprisingly simnlar to that of the free tiyvptophan

Materials and Methods

Chomicals were putchased mostly from Sigma (St Lows USA) Hydrovylapatite
BIO-GEL HTP was fiom Bio-Rad (Richmond USA) Octvipentaonyethlene was
from Bachem Feinchenukahien (Bubendotf Switzerland) Brown adipose tissue was
excised from Syrian hamsters cold-adapted for thiee weeks at 5°C

Lsolation of the uncoupling protewn

Isolation of TcP on hvdronilapatite was done without the hpid protection from
brown adipose tissuc mitochondriia (control or NEN-premodified) extracted with
4 5% detergent octyIpentaonyetinlene (OcvIPOE), 20 mmol/1 Na-MODPS 50
mmol/l NSOy 0 2 mmol/I Na-EDTA pH 6 7 followed by stepwise elution (Jesck
and Frewsleben 1994) Punity determmed by staiming reached over 90% as detected
by SDS-PAGE on salver-stamed mmgels (¢ Mighty Small II" Hoefer Sai San Fran-
asco USY) UcP was reconstitutively active m this form (Tezek and Freslebon
1994 Gailid et al 1996 Jesek et al 1997b) Morcover, UcP wtactness m the de-
tergent (1etamed GDP binding capacity ) usually lasts for 1 o1 2 davs at 100m
temperature (Lin and Klingenberg 1982) which allows quite long measurements

Absorption spectra

Absorption of UcP 1 a detergent-micellar solution was measured first on a Cary
219 {(Vanan Valton on Thames UK) double-beamn spectiophotometer for evalua-
tion of quantum vields Samples m 05 x 05 cm Huotescence quartz cuvettes were
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tested for absorbance immediately after runnmg the fluorescence spectra The elu-
tion buffer with 2% OctviIPOE was used as a blank The shts were set to 1 or 2
mmn for scanmng speed of 02 or 05 nm/s, 1espectively Equal slits were used for
the emission spectra (sce below) The second mstiument was a diode-array ui-
spec trophotometer Spectronic 3000 (MNilton Roy Rochester, USA) A baseline (ct
above) was taken mmediately before the measmement The scan-tune period was
8 25 Second denvative spectia were obtained using the software pachage provided
by Nlilton Roy

Absotbance values from hoth mnstiuments were affected by the ight scattering
on the sample, pronounced as nonzero absorbance m the region above 400 nm
where Tip should have sero absorbance At 295 nim, hight scatterng representod
mote than two thinds of the apparent signal Hence the light scattening contribution
was simulated theoretically (Shih and Fasman 1972) as tollows

oD =10V M (1)

whete the constants V oand A were determincd from the best fits of the theoret-
wal curves to the capermmental traces m the 1cgion 100 500 nm (for Spectiones)
and 360 400 nm (for Carv) A fitting procedure using a Marquardt algorthi was
emploved

Sccond dervative absorption for determination of tyrosine iposure

Absorbance around 270 nm 15 due to Trp and Tsyr absorption while m proteins
usually the former exceeds the latter (Beechem and Birand 1983) The state of
Trr residues can be evaluated by the second derry ative absorption spectroscops
(Ragone et al 1984) costimatmg the heights between the second-derivative positite
and negative peaks  the anthmetic sums at 285 vs 288 nm (a) and 291 v~ 295
(b) Thc 1atio a/b s then a factor that 1eports the exposwie of [vi residues to
the water envnnonment In model peptides and 1 some protems the tatio teaches a
constant value of about 2/3 (Ragone et al 1984) Higher Ty exposures o1 protemn
denaturation mcreasc this ratio

Stcady state fluorescence

Tivptophan fluorescence can be exclusivels exated at 295 nm or higha wave-
lengths since tyvrosine has vitually no absorbance at 295 nmm (Bocchem and Brand
1985 Crecd 1984a) Steady-state Huorescence was measured by a photon-counting
mode on an SEA 8000D (SLAI Inc Uibana USA) with a double gratmg ex
citation monochromator Polanizers of Glan-Thowpson-type were set m vetrtical
posttion (exatation) and m the ‘magic angle (34 7°) (enussion) Both exatation
shits werc set at 2 nm and emssion shts at 1 or 2 nm At the employed integration
constant of 10 s the dark counts weie 25 per s Collected spectia (step 1 nm) weire
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corrected for the mstiument response using the evaluated cornrection function for
wotropic fluorescence (Acuna and Lillo unpublished) This procedure was justihed
simce 1t vielded results equal to the total fluoiescence calculated from the polanized
emusston (I = I + 21 ) and the cotresponding corrections for Iy and I

Quantum vield (Q) of UcP tryptophans was determined relative to the solution
of 50 pmol/1 Tip m 10 mmol/1 Tris-HCL pH 6 9, for which a value of 0 14 was taken
(Bishar et al 1967, Werner and Foister 1978) Necessary mtegrals of the corrected
photon-counting emission spectra were calculated, so that () was calculated as
follow s

014 A&‘)’ | (Emssion UcP) dA

5nm)
(2 UP T — >nm (2)
(b Tip) 4}3%];““]) [ (Enussion Tip) dA
As discussed above, UcP absorbance at 295 nm (4 557,,,)) was the patameter most

sensitive to systemic er1ot
Time resolved fluorescence

Tune resolved fluorescence mtensity decays were measwed on an Ortec 9200
Nanosecond fluorescence spectiometer (EG&G Prmceton UTSA) A thviation
gated nitrogen ns-flash lamp (Edinbuigh Instiuments, Edmbuigh Uk) with a
repetition frequency of 50 kHz, operating at 55 kY, was used as a hight source
The N, bands 294 and 297 nm were selccted by a smgle-grating monochromaton
{(Jobin Yvon Longjumeau France) set at 295 nm sht 16 nm The exatation po-
larizer was ortented vertically wlile the emssion polatizer was set at 54 7% Tip
cmission was selected using the cut-off filters 318 nm o 1w specific cases ‘345
nm  (Schott Glaswerhe Mamz Germiany) A blue-portion of enission was selected
by using a UGH Schott filter which transmuts light between 200 and 400 nm si-
multaneonsly with a 318 nm’ cut-oft filter It was compared to the results when
using only a U360 Schott filter transmitting between 300 100 nm

Enmussion was detected with a Phullips XP2020Q photomultiplier (Gronmgen
Netheilands), and the decay was resolved by a time-amplitude converter and an
O1rtec Model 62408 Multichannel analy ze1 with 0 105 ns per channel (255 channels)
mterfaced to a personal computer The decay function was counted to a nununum
of 10,000 1deally 20 000 counts m the peak channel The background signal was
recorded separately with a sample of an elution buffer contammng 2% OctvIPOE
The mstrument response func tion was 1ecorded as a lash lamp pulse passed thiough
a Ludox scatterer solution under the samme conditions but without the cut-oft o
colon filters Usimg a software developed by P Lillo, data were fitted with model
functions generated by convolution of the mstiument response function awd an n-
component exponential decay tunctions The software mvolved cortection for the
stop photomultiplier “color sluft’ The disaretc n-exponential decay model was
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acconnted for as follows

I(t) = Z((r,exp(—f/r,) with Za, =1 (3)

! 7

I'lhie hfetume components 7, and amplitudes a, were obtamed from best fits, judged
>

by reduced * weighted 1esiduals, and an autocorrelation fundtion of the 1esiduals

The mean Huorescence hfetime (7) was taken as the first order mean

<T> :Z(GITI) (4)

!

and fraction contiitbution to the total mtensity 1s ginven by

(e}
~

fl:alTl/Z((llTl) (

Steady-statc anisotropy measurement

The Azumi and McGlvun (1962) procedure was used to obtamn steadv-state aniso-
tropy

r=(y —Lng ULy +2L g U) (6)

where U = Iy [Ipgr, and indexes 1 and H describe the vertical and the hotizontal
otientation of polaiivzers, when the position of excitation polatizer 15 indicated by
the first mdex (1, vertical, H hotizontal), and the cmission polatizer by the second
index

Results

Absorption of natwe and N-ethylmaleimide-modified uncoupling proten

Absorption spectia of native UcP! (contiol) and UcP chemically modified with
N-cthy Imalenmide (NEM) m a OctyIPOE nucellar solution wete evaluated, thanks
to the sero absorbance of the detergent above 220 nm  Absorption maxima wete
atound 270 nm (Fig 1) and at 214 218 nm (not shown) The first absorption
maximum of experimental spectia for native UcP appeared either as a shoulder
at 265 nm or as a distinct peak at 265-267 nm, depending on the extent of hght
scattering With NEM-modified UceP, the absorption maximum was shightly red-
shifted and the distinct peak at 268 270 nm was 1esolved (Fig 1) NEM binds to
residues at the entry of the GDP-binding <ite cavity and 15 supposed to mduce a
major conformational change (Winkler and Klingenberg 1992), while 1t prevents
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Figure 1. Absorption spectia of control and NEM labeled uncouplng protein Spectia
of uncoupling protemn m a micellar <olution of detergent OctvlPOE were measured on a
diode-antay spectrophotometcr (0 33 nin resolution) at 0 047 mg/ml (contiol) and 0 023
mg/ml (NEM-labeled UcP) with 1egard to a reference contaiming 24 OctvIPOE The
hottowm trace shows the absorption spectrum of 24 OctvIPOE taken vs distilled water
bachground The dotted lines represent calculated contribution of hight scattermg (¢f
NMethods)

GDP binding and gating This conformational change 1s reflected by the observed
absorption red shaft

Lhe dotted lines m Fig 1 illustrate the contuibution of hight scatterng calcu-
lated accordmg to Eq 1 The protem was a source of additional scattering above the
level obtamed with the sole detergent On the contrary scattering on a detergent
solution multiplied by a determined coeflicient matched the theoretical calcula-
tions GDP as a UcP mhibitor and higand did not influence erther the position of
the absorption masimum o1 the protem absoibance (not shown) as 1evealed using
references contamming the same amount of GDP (30 o1 300 pmol/l1, 1espectively )

Second derivative absorption of native and N ethylmalermide modified UcP

UP contains 9 Tyr and 2 Tip therefore a mimor portion of absorbance at 270 nm
may be due to tyrosmes The state of Ty 1esidues was evaluated by the second
dervatrve absorption spectioscopy In the case of UcP the 1atio a/b (<f Methods)
was found to fall into a 1ange between 10 2 (15 evaluations with 3 UcP prepara-
trons) and with NEM modification 1t shghtly mereased to 13 25 (Fig 2) Ana/b
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Figure 2. Second dernvative spectra of uncoupling protemn Second derivative of absorp
tion spectra are plotted for control and NEM-labeled UcP The parameters a and b (ct
Methods) are mdicated by arrows In the samples shown, the ratio a/b reached the mag-
mtude of 105 and 1 87 m natine and NEM-labeled UcP, respec tively

1at10 higher than 2/3 mdicates aqueous surtoundings of UcP tyrosmes For UcP it
reflects the location of Tyi1 resadues m the matis water-exposed segments In NEM-
U (P the mld mcrease in this 1atio shows that the corresponding conformational
change 1s not extensive (denaturation-like)

Steady state fluorcscence of the uncoupling protein

By using steady-state photoncounting and omitting polaiizers, the data 1eported
previonshv (Viguerta et al 1992) could be confiimed with the maximum of the
corntected emission spectrum of UcP tryptophans at 332 nm (not shown) However
when vertically polarrzed hight was used for exatation and the emission polarizer
was set at the magic angle (54 7°) to count the true total mntensity the masuum
of the cortrected spectium was found at 343 nm 1w contiol (Fig 3) and at 345
nm 1 NEM-UcP (uot <hown) The diffetence with 1egaid to the measurement
without polatizers can be due to the existence of Tip conformers having different
hfetimes and spectial maxima Without counting the total fluorescence intensity
ansotropy might enhance the contribution of the lower wavelength component It
might be concluded that Tip emission m UcP 1s only shightly blue-shifted when
compared with that of fice tiyptophan at neutial pH which has a maximum at
349 nm (I'g 3) (Creed 1984a, Lakowicz 1984 Beechem and Biand 1985) However,
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Figure 3. Emission spectrum of the 1solated uncouphing protemn as compared with the
spectrumn of fiee t1vptophan Corrected emission spectra measured by steadv-state pho-
toncountmg with polanzers oriented at a “magic angle”, 54 7° are shown for 1solated UcP
(solid hne, 0 125 mg protemn/inl) and 50 pmol/! trvptophan i 10 mmol/1 Tris-HCL, pH
6 9 (dotted hine) Maximum of UcP emission appears at 343 nm for Trp enussion at 349
nm  All shts were adjusted to 2 nm and the mtegration time of photoncounting was <et to
10 s The background given by light scattering on 2% OctvIPOE solution was subtracted
from the measured spectrum and the difference was corrected for the spectral response of
the instrument (¢ Methods)

temperature-denaturated UcP in OctylPOE exhibited a 1ed shift to 350 nm (not
shown) Therefore, the mtactness of the samples can be judged upon fiom then
emission maxima, and this has been routinels used

The quantum vield deternuned from two absoiption and four corrected emis-
ston spectia was calculated as 0 045 £ 0 004 for the fist UcP sample and 0 041 £+
0 001 for the second UcP sample Quantumn vield did not signihcantly change upon
GDP binding However NEM-modified UcP exhibited a lower quantum yield of
0031+ 0003 This indicates the presence of additional modes of energy transfer
o1 non-tadioactive decav processes, and agawn illustrates conformational changes
resulting fiom NEM-modification

Ty1osme fluotescence was studied using excitation at 275 nm. while the net Tip
spectia (excitation at 295 nm) were subtracted from 1t The resulted net tyrosine
spectia had maximun itensities 1caching 30-30% of the total emission mntensity at
275 nm excitation. and exhibited red-shifted maxima around 310 nm (not shown)
The usual Ty1 enussion maximum hes at 305 nm (Creed 1984D)
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Figure 4. Decay hnetics of tivptophan emussion of the solated uncoupling protemn
Top traces contiol lower traces 08 mol/l Nal added Top panel shows the mstiument
responses cunission decavs with the subtracted bachground and then best fits using the
model of three-exponentials (sohd lines) the middle and the bottom panels show residuals
of the two respective fits

The excitation wavelength was set at 295 um (sht 16 nm) with vertical polanization emis-
stonl was collected thiough a 318 nm cut off filter and a polatzer onented at 54 7° The
fit of the control emission decav gave the following parameters g 0453 7 065 £ 001
ns ax 0421 75296 £ 023 ns o 0126 7386 £ 06 ns (\“ =137) The contributions
to the steads state fluorescence were 113%4 47 3% and 112 % respectively The fit of
the nnquenched emission docay m the presence of 08 mol/l Nal vielded the following
patameters a; 0941 7, 060 £ 002 ns 0, 0031 183 +£005ns a30008 36502
ns with the steadv-state contributions of 27 6% 45 6% and 26 74 1espectively and with
vZ 0l 133 when the background of hight <cattermg on 2% Oty IPOE was not subtracted
When the background of up to 30% of peak counts was subtracted the resulted fit gave
a;r 099 7,001 £ 001 ns a, 0001 7013 £ 2ns a3 0006, 73 23 £ 02 ns with
stcadv-state contnbutions of 30% 2 8% and 67 4% 1espectively and 7 of §
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Table 1. Typical three-exponential fits of the UcP fluorescence mtensity decay Typical

fits of tivptophan emission decay as selected fiom 8 measurements with contiol and 12

measurements with NEM-labeled UcP \leasurements were performed as desciibed in

legend to Fig 4 When mdicated Schott filtet UG 5 was used or cut oft filter { ¢/o )
345 nm” mstead of the filter that was used routinely the cut off filter 318 nin

SANPLE s T T3 o ¥ a3 Y
Contiol two

exponential 0.18 5.25 12 2
model

Contiol 0.66 = 007 2.90 £023 8.60 £064 0453 0421 0126 137
(/0345 1.00 £ 036 2.35 + 025 10.59 £ 046 0239 0594 0167 204
08 mol/INal 0.18 4+ 001 1.84 £ 005 6.46 =017 0834 0142 0024 120
backgind

not subtr

0 8 mol/1 043 £ 005 1.46 £ 011 3.71 £008 0450 0373 0178 158
Nal backgind

subtractcd

Contiol

+GDP 0.07T £ 001 2.21 + 005 8.08 £+ (316 0892 0083 002+ 158
NEM-UP 0.39 £ 003 2.49 £008 9.71 +024 04198 0369 0133 127
UG-5 0.40 + 004 2.62 + 011 10.46 =039 0483 0389 0127 116
0 8 mol/l Nal

backgrd 0.27 £ 001 1.88 £ (004 7.42 £ 015 0696 0257 0047 146
not subtr

() & mol/l Nal

backgrd 0.43 £+ 028 1.75 014 5.26 £020 0384 0497 0118 160

subtracted

Time resolved fluorcsccnce of the uncouphng protcin

As shown m Fig 4 and Table 1, the decay of Tip emussion i UcP 1s multiexpo-
ncntial Two-exponential models were unsatisfactory to fit the data (Table 1), and
the best fits were obtamned using at least a thiee-component exponential model (8
measurements with 3 UcP preparations) In these deconvolutions, the first compo-
nent (71) rtanged between 0 3 and 0 6 ns (fits with 7p < 0 2 ns were ignored because
of the time 1esolution of the mstiument) The second component (7,) was between
21 29ns The thud component (73) showed more vanabiity among UcP samples
and 1anged from 8 6 ns up to 96 ns When only the red-portion of Tip emission
was ollected using the 345 nmn cut-off filter, 1t was possible to 1esolve the decay
mto components of 1, 24 and 10 6 ns Probably states with a shoirter hfetime and
ermission maxima below 340 nm were elimunated The decay pattein did not difter
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much m the presence of GDP (Table 1) With UcP modified by NEM (Fig 5, Ta-
ble 1 12 measurements), the value of 71 was between 04 0 5 ns, 75 1anged between
22 28ns, and 73 was between 97 11 ns Note that 73 was shightly longer than in
control UcP

The proportions of the different components were similar m all fits for contiol
and NENI-labeled UcP (Table 1) The shortest component had a mmunum contii-
bution to the steady-state emission The mean hietine (7) was 18 26nsand 2 29
ns for contiol and NEM-UcP 1espectivels The shightly longer decay explams the
lower quantum vield of NENM-modified UcP To verify the lack of a systemic eiror
we also measured decays in the presence of the “UGS” color filter that cuts off the
very-red tail of Tip emission and strongly elunimates the second harmonic of the
light source The obtamned decay parameters were almost identical (Table 1) In
addition, decayvs of UcP emission (not shown) which vielded identical components
were obtamed with two additional devices in Prague and usiig a demonstration
untt of OB 900 Lifetune spectiometer of Edinburgh Instruments (UK)

UcP emission decay m the presence of 08 mol/l Nal was also characterized
Under these conditions a Tip population of about 2/3 15 supposed to be quenched
(Viguenra et al 1992), hence 1 the case of dynamic quenching, a hfetune reduc tion
by 66% would be expected However due to possible heterogenerty of the sample
as reflected by the existence of 33% unquenchable emission, the expected reduction
nught b only up to 55% Indeed the decays m the presence of 0 8 mol/l Nal weic
extensively shottened m both contiol and NEM-modified UcP (Figs 4 5 Table 1)
When the badkground was not subtiacted decomvolutions (Figs 4, 3) vielded 7
of about 54 65 ns m control and 74 ns i the NEM-modified UcP while 75 was
reduced to 1 8ns and 1 8 2 ns respectively When the background signal (reaching,
up to 0% of the signal m quenched samples on the peak channel \? was about
16) was subtiacted, the value of 73 was 23 24 and 37 nsand that of 7, 13 07
and 16 ns 1espectively (3 expeniments control) while 753 was 53 or 57 ns with
the NENM-modified TcP Thus a hfetime reduction i the contiol sample reached
its upper hnt, whereas m NEAM-modified UeP only a lower lunit was attamed

The emssion decays were also fitted using a model of fowr exponentials (77 to
7 Table 2) The value of 75 was tentatively assigned to 3701 33 ns 10 to match
73 values obtamed i the presence of 1odide (1n contiol and NEAL-UcP, respectively)
The resulted deconvolutions with 77 fived at 10 5 ns gave better y? than was the
case of the three-exponentials model (Table 2) With only one component fined
(not shown) o1 without any defined constramt 75 of 3 4 ns and 7§ of 10 12 ns
were obtamed with fits having y2 of 1 1to 1 17 In conclusion, a complex combined
emission of two UcP tiyptophans (which might also 1eflect heterogenerts ot then
accessibility ) can be resobved mto four exponential components and one of them
15 always a long component of about 10 ns The proportional reduction of this
component at 0 8 mol/l Nal indicates that this 1s not an artifact
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Figure 5. Emission decay kinetics of the 1solated NEM-labeled uncoupling protein Top
traces NEN-UcP lower tiaces 08 mol/t Nal added Top panel shows the mstrument
1esponses emission decays with subtracted bachground and the best fits using the model
of threc-exponentials (solid lines) the middle and the bottom panels show residuals of
the 1espective fits

Conditions were wdentical as described i legend to Fig 3 The ft of emission decav of
Tip in NEM-labeled UcP gave the following parameters «; 0498 71 039 £ 003 ns .
0369 70249 £ 008 ns a3 0133 7397 £02ns (x = 126) the contribution to the
steady state fluolescence was 8% 38 2% and 53 8 % 1espectively The fit of the decay of
the unquenched portion in the presence of 0 8 mol/l Nal (background subtracted) vielded
the following parameters «y 0491 7 047 £ 007 ns o> 0407 7 163 £ 007 ns a3
0102 7958 £01ns {(y? =182) the contributions to the steady <tate fluotescence were
15 4% 4 7% and 39 9% respectively
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Table 2. The best four exponential fits of the Ul tryptophan fluotcscence mtensity
decavs The parameters marked fin wae mtioduced as constants assunung the fourth
component constant of 10 5 us and the thud taken as a 75 vielded with 08 mol/l Nal
Normalized coefhcients v are listed m parentheses and percentages to the stcady-state
contnibution mm square brackets

SANPLE Tl 75 75 T: .

Control

Fust

¢ aSULC I Dt 034 £ 001 1.20 £ 013 3,71 10.5' % 137
(0 266) (0 314) (0 348) (0072)
[36%] [15%] [51%] [30%]

Sceond

mcasurement  0.08 £ 0001 1.22 + 011 3.71" 10.5"* 118
(0 633) (0 175) (0 157) (0 034)
6 5%] [33%] [39%) [20%]

no constraint 0.12 1.46 £+ (0 4 4.3 +1 12.2 117
(0 569) (0 233) (0 170) (0 027)
[47%] [23%] [49%] [23%]

\NEM [ cP 0.39 £ 0009 2.57 & 169 5.26% 10.50~ 117
(0 482) (0 385) (0 009) (0 124)
7 54] (39%] [2%] (524]

110 constraint 0.02 4+ 005 0.79 £ 018 3.14 £+ 0 34 12.0 +14 110
(0 747) (0 100) (0 114) (0 033)
(1 7%4] [10%] [424] [46'4]

Anisotropy of Trp cimission m the uncouphing protein

Fission amsotiopy of mtimsic fluorescence can 1efer to both the mobility of the
protan and the segmental motion (Lakowics 1984) Using a viscous ot fiozen solu-
tion 1otational correlation tune (6) mcreases and becomes much higher than the
fuorcscence hifetime of Tip Under these conditions in the absence of segmental mo-
tion amsotropy should approach the fundamental amsotiopy of the Trp (Valeur
and Weber 1977) But, if depolanization 1s detected, 1t 1eflects the existence of seg-
mental motion Indeed the results revealed only intermediate emission anisotropy
(T 6) of the Trp emussion m UcP dissohved m 80% glvcerol at 0°C whete (@)
of 66 kDa (diuner of two 33 hkDa)protewn falls into nucrosccond 1ange Therefore
such depolaiization reflects the presence of segmental motion o1 some 1otational
fieedom of Tip located 1n the quasi-a-helices The linting anwsotiopy extrapolated
fiom the Perrin plots obtamned by varving tempetature between 0 and 30°C was
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Figure 6. Perrm plots of emission anisotropies of the uncoupling protain tivptophans
(@) Tip excited at 295 nm (V) Tip excited at 300 nm Reciprocal ansotiopy 1/7 ot
Tip emussion (measured at 342 nm sht 8 nm) excated at 295 or 300 nm (shts 2 nm)
the 1solatcd UcP dissolved 1 80 glycerol and 204 of the 1solation buffer was plotted
agaiust T/ ratio of absolute temperature T (which was varled) and viscosity 5 Linear
regressions were extrapolated to 0 at » axis and thaeby viddded the hmiting anisotropies
1y of 0097 o1 0117 for UcP tivptophans at 295 or 300 nmin exatation 1espectivels

0097 and 0117 at «xatation 295 (Fig 6) and 300 nm (Fig 6) (st 1 nmn) 1¢

spactivedy Note that the fundamental anisotiopy of free try ptophan never reackics
the theoretical umt of 04 but only 0 232 at exatation 295 and 0 307 at 300 mmn
(Valewr and Weber 1977) This 15 cxplamed by the exastence of torsional vibiations
On this basis the anial depolaiization factors (di) calculated according to Dale
at al (1979) and Fandlough and Cantor (1978) 1eached values of 0 65 and 0 62 at
295 and 300 mm, respcctively

Discussion

This paper teports on a pilot photophysical study of a modc] mtegral membrane
protan, the uncouphng protem It lias been shown that tiyptophans located m the
transmembtane segments nught have properties rather sinnlar to fiee tryptophan
m water at pH 7 mduding two 1otamers of 7witerzonic formn and the amonic form

A common structural feature of mtegial membrane protems consists m having
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Figure 7. Photophysical map of the uncouphng protemn The model of transmembrane spanning was adopted fiom Klingenbeig
(1990) and \lroux et al (1992) Upper <ide repiesents the cvtosolic side of the membiane the bottom 1s the matrin side The
numbers indicate N-end and C-end position and the residues that terminate the quasi «o-helices thereby being located at the
water/lipid interface Ionizable groups are maiked by + o1 — signs Notice that according to this model the second fourth and
sinth fransmembrane a-helix contain two positive charges cach Both trvptophans Trp-173 and Tip 280 and nine tyirosme residues
ate emphasized At least four of the tviosmes are m the close neighborthood of Trp-173 A putative water-filled cavity formng
the binding «ite for purine nucleotides (Mavinger and Khingenberg 1992 Nlodrianshy et al 1997) should be located between all
transmembrane segments namelv between the fifth and sixth a-helin and the third matin sector protiuding toward the cential
Iy drocaibon 1egion of the membiane For the puipose of stmphats Trp-280 1s shown fiom the fiont view
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a certain number of membrane spanning segments, closely a-helical, intercepted by
outer and mner hydiophilic segments Most likely, the #ransmembrane helices are
in contact with each other and this determines the basic structure The existence
of 50% «-helices in UcP 1s also suppoited by the mterpretation of its Fourier-
transform infrared spectia (Rial et al 1990), which also indicated 30% J-structure
7Y% J-tuins and 7% unoirdered For UcP, a model of six-membiane-spanning a-
helices (Klingenberg 1990 Fig 7) has been partially svenfied experimentally by
side-specific antibodies (Miroux et al 1992) Photophysically ti1vptophan may have
four different locations in an mtegral membrane protem 1 hydiophilic segments
either exposed or unexposed to water environment and mn the transmembiane a-
helices, either deeply embedded, or located near the water /lipid interface The UcP
contains just the two latter examples (Fig 7) Trp-173 at the water/hpid interface
1 ¢ at the matix end of the fourth #ransmembrane a-helin and Tip-280 located m
the nuddle of the <inth transmembrane a-helin (lose to a canvity of the nucleotide
binding site. identified among the fifth and sixth transmembrane a-helix (Mayvinger
and Klingeuberg 1992, Muidsa-Inghs et al 1994) and piobably formed by most of
the transmembrane a-hehices (Modriansky et al 1997) In the UcP structure, there
ate also numetous Tyv1 1esidues located mostly m the water-cxposed segments
namely m the matiin side (Fig 7) Then extiamembianous location and prevailing
exposure to watetr enviionment wete confiimed by revealing a quite intensive, red-
shiftcd tyrosine emission of UcP and by the second dervative absoiption of UcP?
vicdlding an a/b ratio lugher than 2/3

In particular the observed fluorescence of UcP tiy ptophans was characterized
1) by only a shght blue-shaft when compared to fice fiyptophan, 11) by low quantum
vicdd and m) by a quite high depolatization factor The last two properties are ex-
pected for Tip located in the ‘bicathuing  framsmembiane loops Ther dyvnammcs
1s enhanang nontadiative decay processes and 15 1cflected by the observed axial
depolanzation factor of 06 But, mnstead of a blue-shift expccted for intramem-
branous ti1yptophans the corrected maximun of 1sotropic enussion was found at
343 nm Hence both Tip-173 and Tip-280 should have prevailling contacts with
hy drophilic residues, and both should be located close to water accessible space
In the case of Tip-280, 1t 1eflects the existence of the above mentioned water-hlled
cavity Morecover the obtamed low quantum vield of 0 04 and 0 03 in wmtact and
NEM-modified UcP 1espectively contradicts to locations of Tip i the regula
a-helices that usually exhibit much higher quantum vields (Beechem and Brand
1985, Chabbert et al 1991) Also, the low quantum yield could onginate from the
presence of varlous residues particpating i the overall quenchig A low quan-
tum vield was also 1eported by Kawata and Hamaguchi (1991) 1 the case of the
constant fragment of immunoglobulin

The pirevious report of Vigueria et al (1992) suggested a very different ac-
cessibility of the two UcP tiyptophans On the basis of fluorescence-quenching-
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1esolved spoctroscopy they suggested the existence of an wdide-maccessible and
denaturation-tresistant Trp 1esidue and of a second Tip residue responsible for the
remainng, 60% of total fluotescence that was quenched by 1odide and was sensi-
tive to denatutation Because of 1ts location i the membiane center Tip-280 has
heent assigned to the putatne wodide-maccessible rtesidue wlile the putative 10dide-
accessible tesidue with a higher quantum yvield has been asciibed to Tip-173 Con-
trary to this owr measwrements (Jesek and Uirbankova unpublished data) with
the single-Ti p-contammg mutants of UcP (Tip-173 o1 Tip-280 exchanged for Ala)
showed that both t1yptophans are quenched by 10dide and that Tip 280 15 ac tualls
1mo1e acc essible

Also time 1esolved fluorescence of UcP vielded decavs that could be fitted by
the thiec exponential components acadentalls similar to those reported for fice
tiyptophan in water at pH 7 In the latter case the shortest 05 ns and the 3 ns
component were asciibed to the two respective rotamets of switteriome Tip (05
ns with a maximum at 330 nm, and 3 ns with a maximum at 315 mm) and the
10 ns component was assigned to antonic Tip (Creed 1984a Beechem and Brand
1983) It can bee speculated that i a lexable protem Trp residue connected by the
two peptide bouds represcuts the two conformers dentical to totamers existing
the zwitteriontc form of free tiyvptophan This could lead to the presence of similar
components (03 05 ns and 2 3 ns) m the UcP Tip emission decay Also a state
simtlar to the state of antonic free try ptophan might be present m UcP due to the
possible existence of chaige-transfer complexes between Tip-173 and Lys-174 and
Tip-280 and A1g-276 The election of the mmdole 1img m the excted statc can be
more eastly attracted by the positive charge of Lyve-174 (A1p-276) and consequentls
the rtadiation decay fiom such a state 15 delayed This mnght explamm the existence
of the longest component of the TP Trp cmission decay Note that hfetines longet
than 7 us have heen 1eported rather rarely for protemn tiyptophans (Beechem and
Brand 1985 Schauerte and Gafm 1989 Peng et al 1990) The exceptionally long
(16 ns) hfctune of phosphoglvcerate mutase Tip has been mteipreted on the basis
of static mteractions between Tip and a second 1esidue Iihe His Arg or Lys that
perturbs both ground and excted states of the chromophore (Schaucite and Gatm
1989) The longest component i UeP Tip emission decay was delaved even moie
upon chemiacal modification with NEM This modification known to create con-
formational changes m UcP, caused further decirease i the quantum vield and led
to an mcrease m the average hfetime without any change i emission spectiiun
Tharcfore this conformation change should be considered as quite wedk, contrany
to the proposal that 1t 15 a diastic change (Wimmkler and Klingenberg 1992) Thas
15 further confitied by the only shightly altered exposure of Ty residues to water
derived hiom the second derivatine absoiption (Fig 2)

In general the preferied mterpretation of fiyptophan emussion decays i pro-
tems mcludes rather an a preorn existing ever-changmg pattern of multimodal en-
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c1gy transfer of all hinds, proceeding during the hfetime of the excited Tip state
{Inim et al 1993) It 1s not necessary to consider the continuous distuibution of
Iifetimes as i the case of the gronnd state microheterogeneity, when the nter-
conveision rate between conformations 15 of the sanie order of magntude as the
excited-state decay rate (Alcala et al 1987 Szmacinski et al 1988) With our model
example of an mtegral membrane protemm 1t could be demonstrated that trypto-
phan residues, m spite of bemg located n the presumed a-helices might exhibit
properties of the two zwiterionic 10tamers and the antonmic form of free tivptophan
The most hikels 1eason for the latter 15 the presence of charge-transfer complexes
Therefore we deseiibed another example supporting the pomt of view of Kim et
al (1993)
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