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The horse EE and human 8,8, alcohol dehydrogenase iscenzymes have almost identical protein backbone folding patterns and contain 2
tryptophans per subunit (Trp-15 and Trp-314). Tyr-286. which had been proposed to quench the fluerescence of Trp-314 by resonance energy
transfer at alkaline pH in EE, is substituted by Cys in 8,8,. The proposed role of Tyr-286 in pH-dependent quenching of EE is confirmed by our
observation that tryptophan fluorescence of 8,8, is not substantially quenched at alkaline pH. Tyr-286 had also been implicated in the quenching
of Trp-314 vpon formation of the EE-NAD -trifluorocthanol ternary complex. However, 8,8, exhibits the same extent of tryptophan fluorescence
quenching as EE upon complexation, which strongly suggests’that Tyr-286 is not involved in ternary complex quenching.
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1. INTRODUCTION

Liver alcohol dehydrogenase (ADH) is a dimeric en-
zyme with a subunit molecular mass of 40,000 [1]. Tue
horse EE isoenzyme has been used as a model system
for studies of protein fluorescence, since it contains only
two tryptophans per subunit and their positions have
been well-defined by X-ray crystallography [2,3]. Two
experimental conditions that quench the fluorescence of
Trp-314 in the EE isoenzyme have been investigated: (i)
titration to alkaline pH (apparent pK, 9.6-9.8) [4-6] and
{ii) binary complex formation with NAD' or ternary
complex formation with NAD" and the substratc ana-
logue trifluorocthanol {4-7]. The mechanisms of both
types of quenching have not been unequivocally identi-
fied. The quenching at alkaline pH has been interpreted
as the result of an ionizaiion of Tyi-286 with subsequent
resonance energy transfer from Trp-314 to tyrosinate-
286 [5,6). However, the ligand-induced quenching is
more difficult to explain. Since the ligands bind far
away from Trp-31413,8}. it is clear that dircct collisional
quenching by ligand groups is not involved. It has been
suggested that resonance energy transfer from Trp-314

Abbrevigtions. ADH, alcohol dehydrogenase: DTV, dithiothreitol
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to the ionized Tyr-286 is responsible not only for pH-
dependent, but also for ligand-induced quenchirg [5,9].
Ionization of Tyr-286 upon ligand binding is postulated
to result from a ligand-induced conformational change
[5.9], since Tyr-286 is not close to the ligand-binding
sites [3,8]. On the other hand, it has been questioned
whether Tyr-286 participates both in pH-dependent and
ligand-induced quenching, since the pH-dependence of
ligand-binding suggests that there are two independ-
ently operating mechanisms governing these two
quenching conditions [6].

We have investigated the protein fluorescence of the
BB, iscenzyme of human ADH and compared it to the
corresponding data for the EE enzyme from horse. The
replacement of Tyr-286 by Cys in fp, allows examina-
tion of its potential role in the mechanism(s) of pH- .
ligand-induccu fluorescence quenching.

2. MATERIALS AND METHODS
2.

1. Preparation of enzymes

Horse liver alcohol dehydrogenase was purchased from Bochringer-
Mannheim (Indianapolic, IN). The enzyme was dialyzed against 10
mM sadium phosphate buffer, pH 7.0 (5 x 1 1), and cleared by cen-
trifugation at 5,000 x ¢ for 5 min,

The buman J8, isoenzyme was expressed in £ colt as deseribed
previously [10] with the exception that the growth mudia contained 5
uM ZnS0,. All purification buffers were degassed by flushng st He
for 1) min. Thoy contained T mM EDTAL L mM DTT and | mM
henzamudine, cacept in the inal puntication step. The cells were i
vested, Tysed imd centifupest ai LOOBO0 > g Tor 35 min {10]. The
supernatant was cguthbraned 10 mM HERLES buller, pi 8O,
waing i Minitan concentzator L Tdhpore, Bedtord, MA) cquipped w ith
5 WY000 molecular mass eut-ofV witratiltration membrane. Theenzyme
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M HEPES. pH 8.0.and

d. Richmond. CA) equilibrated
‘cluted 'with 0.4°M NaCl in
‘ | diahzed against 2 x 21 of 10 mM Trxs buffer. pH
S6hiwas loaded onmoa. 100 ml CM-=celiulose column and eluted
nubaﬂﬁﬂﬁanaﬂgM(m-leM)mlhcmhﬂa.
mcnz\mcdmdmhmmks.thcﬁmorumchmnmmdbound
MDHas;udgcdfmmmeabsommm at 320 am. whereas the ssvond
peak was cocnzyme-free [11L Cocnryme-fiee fractions were pooled
and washed with |0mMphosphalcbtﬂTﬂ'.pH70.mgasunud-cdl
concentrator with a YM 30 membrance (Amicon. Danvers, MA).
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Pmtemconocnlmmwasdewmmcdfmﬂxl&)mnahsorhamc
of the pative enzyme in 10 mM sodium phosphate butfer. pH 7.0. The
extinction coefficient used for the horse enzyme was 6.8 mM fem™',
and was calculated from the absorbance o 0.42 per mg based on drg
weight [13] and a molecular mass of 40,000 {1). An extinction coeffi-
cient of 19.1 mM"'-cm ™’ was calcutated for the human 8,8, isoenzyme
from the known number of amino acid chromophores (2 tryptophans
and 6 pyrosines [I5) [14]. Activity assays [10). active-site titrations [ 1 5],
and SDS gel electrophoresis [16] were performed as described previ-
ously.

3. Fluorescence measuremenls

Fiuorescence measutements were performed at 25°C with an SLM
8000 spectrofiuorometer (SLM, Urbana-Champain. L) operated in
the analogue mode. Fxcitation and emission bandpasses were 2 nm
each. and the excilation wavelereth was 295 nm in ail experiments in
onder 1o selectively excite tryptophans [17]. The emission wavelength
was 330 am. The bulfers used for quenching studics with ligands
(NAD" and triffuoroethanol) were recrystallized from water at least
twice. The titration solutions contained 100 gM propionaldchyde to
provent unwanted formation of NADH [18).

24 Reagents

Al chemivals and buf¥ers were ol reagent grade or higher. and were
obtained (rom the followang sources: cthanol. Midwest Grain {Pekin,
1Ly NAD'. grade L Bochringer-Mannheim (Indianapolis, IN); isobu.
tyramide. Aldrich (Milwaukee, W, All other chemicals were from
Sigma (Si. Louw. MO

3. RESULTS AND DISCUSSION

Horse EE and human 8,8, alcohol dehydrogenase
isoenzymes contain the same two tryptophans per sub-
unit, Trp-15 and Trp-314. X-ray diffraction studies
show that crystals of the EE-NMADH-DMSO terary
complex and the 8,8,-NAD" binary compicx exhibit
almost identical tertiary structurcs {19]. In both cn-
zymes, Trp-15 is located on the protein surface, whercas
Trp-314 is buriced at the subunit interface in the hydro-
phobic interior. There are no substitutions between the
two cnzymes within 6 A of the amino acids surrounding
Tm-’l& or Trp-15, cxccp{ for Mct-303 in EE that is llc
i 5@‘%; 21303 3 about 3 & from the indols of ?Ti‘r
314, This substitution docs not significantly affect the
fluorcscence cmussion intensity of Trp-314. since we
feund that both cnzymes exnhibal similar towa! Ruores
conee emivion intensatics. as well as similar sclative
comributions of Trp-15 and -314 10 the 101ad intensity.

254

FEBS LETTERS

e cnzyme solution was
2.0, and loaded onto

April 1992

11 M)

Fig. 1. Modified Stern-Volmer plot of protein fluorescence quenching
by KL The reciprocal of the relative fluorescence quench (1,/41) for
EE horse liver ADH (@) and recombinant human 8,8, ADH (0) is
shown, and the lines represent linear fits of the data points. Buffer is
50 mM ACES, pH 7.0. Enzyme concentration is 2 uN. Excitation and
cmission wavelengths are 295 and 350 nm, respectively,

Specifically, the relative contributions of Trp-15 and
Trp-314 were determined by quenching the solvent-ex-
posed Trp-15 with the surface quencher, KI. Fig. 1
shows a modified Stern-Volmer plot according to
Lehrer [20], in which both enzymes exhibit an almost
identical y-axis intercept (2.7 + 0.15 for EE and 2.5 +
0.2 for 8,8,. The reciprocals of the intercepts yicld a
relative contribution of 37% for Trp-15 in EE and 40%
in §,8,. A value of 38% had been reported for EE [5).
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Fig. 2. pH dependence of protein fuorcscenee of EE and B8, isocn-
nmes. The wop panel shows the relative Buoresoence intensity of EE
Borse Biver ADH and the bower panel that of recombinznt human 5.5,
ADH. Upper probics, withoul figands: ower profiics, in the prosence
of 10 mA TFE and 10 gM NAD'. Valuss shown are end-
poants of Litrations ad saturating ligand concentrations. Enzyme con-
contration i 2 4N, Buffers arc MES, o ACES. o ghyoylglyaine, 12
carbonaie, . Al bulfers are 50 mM. Enussion intensity of unhiganded
corsme a1 pH 70 & nomalized 1o 108%. Eacitation amd emission
suvelngiin are 295 and 330 nm. rewpoctively,
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Titration of EE to pH 10.5 in the absence of !igands

Tt was proposed that this quenchmg is the result of the'

. jonization of Tyr-286 with subsequent resonance energy
- transfer from Trp-314 to the tyrosinate. [5,9]. On_this
 basis one expects little or no quenching at alkaline pH
in ﬁ,ﬁ,, since Tyr-286 is substituted by Cys in this isoen-
_zyme. Indeed, Fig. 2 shows that in 8,8, the fluorescence
intensity-at pH 10.5 drops only marginally to about 90%
of the value at pH 7.0,

Tryptophan fluorescence in EE is also quenched
upon formation of a ternary complex with NAD* and
trifluoroethanol (§4-6] and Fig. 2). That mainly the
‘blue’ (buried) Trp-314 is quenched under these condi-
tions was inferred from the red-shift in the emission
spectrum profile [5]. X-ray crystallography has shown
that binding of coenzyme to EE in a binary complex or
of coenzyme and substrate (or substrate analogue) in a
ternary complex is accompanied by the ‘open’ to
‘closed’ conformational change [3,8]. Fig. 2 shows an
almost “identical extent (50%) of tryptophan fluores-
cence quenching upon ternary complex formation in
BB, as is found in EE. Furthermore, it is mainly Trp-
314 that is quenched in 8,8, since we observed a red-
shift of the emission spectrum profile in 8,8, (data not
shown), which is similar to the o~ ~bserved with EE.
Since Tyr-286 is a Cys in §,8,. the explanation that
ternary complex formation causes a quenching of Ti~-
314 by deprotonation of Tyr-286 in the EE isoenzyme
seems unlikely. Rather, the data presented here imply
two independently operating mechanisms quenching
Trp-314: ionization of Tyr-286 in EE is responsible for
the quenching at alkaline pH, and another. yet un-
identified, wechanism is involved in ternary complex
quenching in EE and in 8,8,.
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