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Fluorescence Quenching of Aminopeptidase-l from Pronase

Chien-Hou Wu { 28| )and Wann-Yin Lin* ( ¥EH )
Department of Chemisiry, National Taiwan University, Taipel, Taiwan 10764, R.O.C.

Aminopeptidase-1 from pronase contains five tryptophan residues, determined by modification with N-
bromosuccinimide and MCD measurments. The fluorescence of the enzyme is quenched by acrylamide, a
neutral quencher, but not by iodide, an anionic quencher. The quenching constant for acrylamide is about
one tenth that of acetyltryptophan in aqueous solution because of the steric effect of the large protein mole-
cule. The inaccessibility of iodide to the tryptophans is probably due to the anionic environment of the
fluorophores created by the large content of Asp and Glu in the enzyme. Aminopeptidase-1is quenched by
Cu(II) and Co(IT} through the formation of a nonfluorescent ground-state complex. The results indicate that
there are three accessible tryptophans for Cu(Il) and two for Co(ll) suggesting that some ryptophans are
buried inside the enzyme and are thus inaccessible to the quencher. In the presence of a competitive inhibi-
tor, the enzyme contains ene fewer accessible tryptophan for Cu(II) indicating that this tryptophan is located
in the active center. The CD spectrum of the enzyme in the {ar UV region is unaitered by the presence of
Ca(II}, whereas that in the aromatic region is enhanced significantty. The perturbation of the CI) spectrum
probably results from the local conformational change induced by Ca(1I) or from the rigidity of the trypto-

phan being ¢nbanced by the bound Ca(ll).

INTRODUCTION

There are three major classes of proteases: endopepti-
dases (c.g. thermolysin), carboxypeptidascs, and aminopep-
tidases. The structural bases and mechanisms of action of
carboxypeptidase A' and thermolysin® have already been
well doccumented. In contrast, the mechanism of action of
aminopeptidase has not been fully clucidated and great ef-
forts have been attempted to collect further structural and
catalytic informations for this class of cnzyme in order to
delineate its catalytic mechanism and structure-function re-
lationships.

Pronase E (sireptomyces grisens neutral protease, EC
3.4. 24 4), which contains several exo- and endopeptidases,
hydrolyzes practically all peptide linkages in proteins and
peptides. We purified to homogeneity two stable,
monomeric aminopeptidases with similar molar masses
32000 from pronase.” These two enzymes are capable of
cleaving the N-terminal peptide bond of the substrate with-
out the assistance of meltal ions and cxhibit a strong prefer-
cnce for a large, hydrophobic N-terminal amino acid side
chain (e.g., Leu or Phe). The presence of a calcium ion
tends to enhance their thermal stabilities, substrate affinities
and wmover rates.” Chemical modificaion of the enzymes®
revealed that a readily modified histidine residuc with pK.
6.9 is essential for enzyme catalysis, whereas another histid-

inc residuc wilh pK, 7.7 serves as a Ca(1l)-binding ligand
and the bound Ca(Il) 1s likely to be involved in substrate
binding and turnover. Although some general properties of
these enzymes arc known, their mechanisms of action (i.c.
how the calcium ion, the histidines or other amino-acid resi-
ducs are involved in cnzyme catalysis along the reaction
pathway} are unctear. If the enzyme contains an intrisic
chromophore, especially that located at or near the aclive
center, {0 serve as a sensitive probe, more structural and
catalytic informations is casily ¢ollected to aid vnder-
standing the reaction mechanism.

Intrinsic protein fluorescence is extensively used as a
powerful tool to measure binding (of substrate, inlibitor, or
other cofactor), monitor conformational changes, or follow
areaction. The fluorescence of most proteins is dominated
by the tryptophans; these residues are highly sensitive to
solvent polarity. As a result, the emission spectra of Trp
residues can reflect the polarity of their environment. The
sensitivity of Trp fluorescence to quenchers allows determi-
nation of the accessibility of Trp residues in proteins by
quenching measurements. [n this work, we determined the
number of Trp residues in pronase aminopeptidase by
chemical modification with N-bromosuccinimide (NBS)
and by magnetic circular dichroism (MCD) measurments.
We investigated quenching of Trp fluorescence of the en-
zyme by quenchers such as acrylamide, iodide, and metal
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ions.

MATERIALS AND METHODS

Materials

Pronase E, all metal salts, acrylamide, NaOH, HCI,
NaCl and KI were purchased from E. Merck (Darmstadt,
Germany). All buffers (Tris, Hepes), urea, NBS, dialysis
tubing, acetic acid and L-leucine hydroxamate were ob-
tained from Sigma Chemical Co. (St. Louis, MO, USA).
Bulfers and substrates were prepared in water purified 10 a
specific resistance 18 M{Q/cm by a Milli-Q system (Mil-
lipore) and further rendered free of metals with Chelex-100
resin (Bio-Rad) and dithizone extraction as described;’ di-
alysis tubing was treated as recommended.® The aminopep-
tidases from pronase were purified as described previously.”

Spectral measurements

Absorption and fluorescence spectra were measured
on a Hitachi U-3210 spectrophotometer (Hitachi, Japan)
and an SLM 8000C spectrofluorimeter (SLM Instruments,
USA), respectively. The CD and MCD spectra were con-
ducted on a JASCO-720 spectropolarimeter (Japan Spectro-
scopic Co.).

Chemical modification of the enzyme with NBS

Modification of Trp residues with NBS was performed
as described.” Aliquots of freshly prepared NBS solutions
were added sequentially at 25 °C 10 aminopeptidase {2 mL,
22 uM) in a quartz cuvelle in acetate buffer (0.1 M, pH 4.0)
which also contained urea (10 M) to unfold the protein to
make all Trp residues accessible to the modification reagent.
The absorption spectra of the enzyme were measured for
each addition of NBS (the solution was stirred for 15 min for
cach addition of NBS to assure the completion of the reac-
tion) and the number of modified Trp residues was esti-
maled from variation of absorbance at 280 nm.

MCD measurement of the enzyme

Trp is the only naturally occurring amino acid that
gives a positive MCD band (at 290-294 nm). Furthermore,
this band being completely separate from overlapping con-
tributions by other bands provides a convenient means to de-
termine the Trp content in proteins. The MCD spectrum of
aminopepitdase (21 pM) in Tris buffer (1 mM, pH 8.), NaCl
(0.02 M) was measured using a 5 mm quartz cell in a mag-
netic field 0.8 T, the number of Trp residues was estimated
by the MCD intensity at 293 nm using a molar absorptivity
pertesla2 8 Mem ' T ®
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Quenching of the Trp fluorescence of the enzyme

Quenching mechanisms of two types are considered
here. The dynamic quenching is due to deactivation of the
excited state fluorophore through collision with a quencher;
static quenching resulted from the formation of a ground
state complex between the fluorophore and the quencher.
Quenching of both types is described by the Stern-Volmer
equation:’

E/F =1+ K [Q] (1)

in which F, and F are the fluorescent intensities of the
fluorophore in the absence and presence of quencher, re-
spectively; [Q] is the concentration of the quencher; Ksy the
Stern-Volmer constant, is equal to the formation constant of
fluorophore and quencher in static quenching and to 1.k, in
dynamic quencing; kg is the bimolecular collisional quench-
ing constant and T, is the lifetime of the flyorophore in the
absence of quencher.

Quenching of two populations of fluorophores, one of
which is inaccessible to quencher, can be analyzed accord-
ing t0 a modified form of the Stern-Volmer equation: '

FJAF = l/f, + 1/(£K[Q]) )

in which AF =F, - F, 1, is the fraction of flucrophore that is
accessible to quencher and K is the Stern-Volmer quenching
constant of the accessible fraction. Therefore, measure-
ments of {luorescent intensities at varied quencher concen-
tration allow the determination of the quenching constant
and the number of accessible Trp residues in proteins using
linear plots of Eqs. (1} and (2).

RESULTS AND DISCUSSION

As the two aminopeptidases from pronase are similar,’
only aminopeptidase-I (AP-I} was investigated. Modifica-
tion of N-acetyltryptophamide (NATA), a model compound
of Trp residue in protein, with NBS in acetate (0.1 M, pH
4.0}, urea (10 M), NaCl(0.02 M) at 25 °C gave a molar ab-
sorptivity (4.14 + 0.03) x 10° M cm for the absorbance
change at 280 nm, in excellent agreement with the literature
value 4.20 x 10° M 'em™."" Two isosbestic points at 264 and
298 nm were observed during reaction of NATA with NBS.
Modification of AP-1(20 UM) with successive addition of
NBS is illustrated in Fig. 1. The number of Trp residues was
estimated 10 be 4.92 + 0.07. Two sets of isosbestic points
were observed during the modification (Fig. 1), The first set
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{at 267 and 298 nm) accounts for the modification of two
Trp residues and the second set (at 261 and 298 nm) for the
remaining three Trp residues. The results indicate that, even
in the unfolded enzyme, two populations of Trp residues
with distinct environments, hence distinct absorption spec-
tra, were created by nearby amino-acid residues surround-
ing the tryptophans.

The MCD spectram of AP-1(21 uM) in Tris bulfer (1
mM, pH 8.0} at 25 *C is shown in Fig. 2. The spectrum ex-
hibits a maximum at 293 nm and a minimum at 272 nm simi-
lar to those observed for other Trp-containing proteins.'
The number of Trp residues was estimated to be 4.9 from the
MCD intensity at 293 nm using a Agw = 2.8 M'em'' T,
Therefore, the enzyme contains five Trp residues.

AP-I exhibits an absorption maximum at 280 nm and a
fluorescence maxima {Aex = 280 nm) at 330 nm. The fluc-
rescence maximum is blue-shifted compared to that of tryp-
tophan in aqueous soluton suggesting that the average mi-
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Fig. 1. Absorption spectra for the modification of ami-
nopepitdase-1 (22 uM} with N-bromosuccin-
imide in acetate-buffer (0.1 M, pH 4.0) and urea
(10 M) at 25 "C. The arrows indicate the direc-
tions for the alterations of the absorption spectra.
[NBS] = 0, 0.05, 0.10, 0.15, 0.20, 0.25, 0.30 mM.
The modification resulted in decreascd absor-
bance at 280 nm and increased absorbance at 250
nm.
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croenvironments of the tryptophans in the enzyme are mod-
erately hydrophobic.” The fluorescence intensity (Aex =
295 nm, Aey, = 330 nm) of AP-I was be quenched by acry-
lamide, a neutral quencher, but not by I', an anionic
quencher. The Stern-Volmer plots (Eq. (1)) for the quench-
ing of AP-I(1 uM) by the two quenchers in Hepes buffer (10
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Fig.2. MCD spectrum of aminopeptidase-1 (21 uM) in
the presence of a magnetic field (0.8 T) in Tris-
buffer (1 mM, pH 8.0}, NaCl (0.02 M), at 25 °C
using a quartz cuvette (3 mm). The spectrum ex-
hibits a positive peak at 293 nm and a negalive
peak at 272 nm.

14
13
1.2r
g
11
B
A—k—x |

0.0 01 0.2 0.3 04 0.5
[Quencher] /M

Fig. 3. Stern-Volmer plots for the fluorescence quench-
ing (ke = 295 nm, Aem = 330 nm, band pass = 3
nm) of aminopeptidase-1 (1 pM} in Hepes-buffer
(10 mM, pH 8.0) and NaCl(0.1 M) at 25 °C for
(A) acrylamide and {B) KI. The quenching con-
stant is 1.2 M! for acrylamide.
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mM, pH 8.0}, NaCl1 (0.1 M), at 25 "C are shown in Fig. 3. A
linear Stern-Volmer plot for acrylamide indicates that all
tryptophans in AP-I are accessible to a neutral quencher; the
slope gives a quenching constantof 1.2 M™. This quenching
constant is much smaller than that of acetyltryptopan in
water (Ksv = 28 M) indicating a poor quenching effi-
ciency probably due to the steric cffect from the large pro-
tein molecule. The quenching constant is similar to those
observed for the tryptophans in proteins (c.g., Ksy = 1.0 M”
for chymotrypsin”). The fluorescence iniensity of AP-I is
essentially unaltered by the addition of I (Fig. 3B). High
contents of Asp and Glu in the enzyme1 may create an an-
ionic environment around the tryptophans preventing access
of iodide due to an electrostatic repulsion.

The fluorescence of AP-Iis also quenched by Co(II) or
Co(IT) but their Stern-Volmer plots are nonlinear and curved
downward (data not shown), indicating the existence of two
populations of tryptophans. The modified Stern-Volmer
plot (Eq. (2)) for the fluorescence quenching of AP-1 by
Cu(II} is depicted in Fig. 4A. The values of K and f, arc de-
termined 1o be 3.8 x 10° M and 0.64, respectively. The
value of K is much larger (han that possible for a diffusion-
controlled reaction, and therefore the quenching is due to
the formation of nonfluorescent complexes between Cu(I)
and the tryptophans. A f, value 0.64 corresponds 10 3.2 ac-
cessible fluorophores, indicating that about two tryptophans
are buried in the interior of the enzyme and are thus inacces-
sible to the quencher. L-leucine hyroxamate is a strong
competitive inhibitor of AP-T(K; = 0.030 mM at pH 8.0).
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Fig. 4. Modified Stern- Volmer plots for the fluorescence
guenching (Aex = 295 nm, Aep = 330 nm, band
pass = 3 nm} of aminopeptidase-I in the absence
(A} or presence (B) of L-leucine hydroxamate (1
mM} by Cuw(II).
scribed in Fig. 3.

Other conditions are as de-
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The presence of L-lencine hyroxamate (1 mM) in AP-1 {1
UM) solution assured the occupancy of 97% of the active
center of AP-1 by the inhibitor. The modified Stern-Volmer
plot for the fluorescence quenching of AP-1{1 uM) in Hepes
buffer (10 mM, pH 8§.0), L-lgucine hyroxamate (1 mM),
NaCi {0.1 M) at 25 °Cis given in Fig. 4B. K and f, are esti-
mated to be 8.5 x 10° M and 0.4, respectively. The results
indicate that one fewer tryptophan is accessible to the
quencher when the active center becomes occupied by the
competitive inhibitor. Hence this tryptophan is located in
the active center of the enzyme. The modified Stern-Volmer
plot for the fluorescence qicnching of AP-I by Co(II) gives
a quenching ccnstant of 1.9 x 10 M and 1.9 accessible
tryptophans. The results show that the quenching efficiency
(in terms of K) of Co(I1) is much less than that of Cu(Il).
As Ca(II} plays an important role in enzyme catalysis,®
the Ca(II)-binding sitc is also located in the active center.
The CD spectrum of AP-1in the far UV region (190-240 nm)
is unchanged by the presence of Ca(Il) indicating that no
gross change in secondary structure of the protein occurs.
However, the CD spectrum of AP-Iin the near W rcgion
{240-320 nm) is found to be cnhanced by the additon of
Ca(Il) as illustrated in Fig. 5. The difference spectrum
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Fig. 5. CD spectra of aminopeptidase-1(22.2 mM) in the
absence (solid line) or presence (dashed line)} of
CaCly (5 mM), in Tris-buffer (5 mM, pH 8.0) and
NaCl (0.1 M) at 25 “C in a quartz cuvette (10
mm). The difference spectrum (dot-dashed line)
exhibits a positive band centered about 280 nm.
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shows a positive band ranging from 250 to 310 nm with a
maximum arcund 280 nm. This band is most probably due
to the contribuiion of the tryptophan in the active center re-
sulting from a local conformational alteration induced by
presence of Ca(Il}. Alternatively, the altered CD spectrum
may result from enhanced regidity of the Trp residue due to
ncarby bound Ca(IT).

Our results have indicated the presence of Trp in Lhe
active center of AP-1. Beacuse the spectral properties of this
Trp will likely be changed dramatically upon binding of the
substrate or inhibitor, this may serve as a sensilive probe for
further catalytic and structural ivestigations. Work already
in progress has shown that modification of one Trp residue
with N-bromosuccinimide causes an inactivation of AP-Lin-
dicating the involvement of a Trp residue in enzyme cataly-
sis.
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