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Abstract

The success of knowledge-based homology modelling is critically dependent on the predictive potency of the
program structure-based calculations, which attempt to translate homologous sequences into three-dimensional
structures, and on the actual relevance of the crystal structure for the protein topology. As quality control,
experimental data for selected parameters of the protein’s conformation are required. Using the crystal structure
of the sialidase oBalmonella typhimuriumas framework for model building of the homologous enzyme from
Clostridium perfringens a set of energy-minimised conformers is derived. These proteins present e.g. Tyr, Trp
and His residues with an assessable area on the surface, since the side chains of these amino acid residues are
responsive to chemically induced dynamic nuclear polarization (CIDNP), monitored by NMR. Hence, as first
lesson, a comparative analysis for model-derived and experimentally determined values can be performed. The
second lesson of this study concerns the notable impact of single amino acid substitutions (Tyr/Phe, Cys/Ser) on
the surface accessibility of the CIDNP-reactive amino acid side chains in mutant forms of the sialidase. Cor-
roborating the predictions from the theoretical calculations, the spectra of the engineered mutants reveal marked
and non-uniform altetmns. Thus, the effect of apparently rather conservative amino acid substitutions on a
distinct conformational aspect of this protein, even at distant sites, should not be underestimated.
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Introduction rial sialidases indicates that they are most probably derived
from a common ancestor by divergent evolution [9]. The com-
Since the role of oligosaccharides in cellular glycoconjugateplete conservation of 25 amino acid positions in these en-
as information-storing structures mediating diverse physizymes implies their involvement in a common functional and/
ological functions is well appreciated [1-3], efforts are war-or structural role to be delineated by detailed inspection of
ranted to describe in detail the properties of enzymes whicimechanistic/ conformational aspects. At present, tertiary
are used for deliberately altering the sequence of the carbstructures of three bacterial sialidases, namely f8aimo-
hydrate chains. Sialidases (N-acylneuraminosyl-glycohydronella typhimurium[10, 11]Vibrio cholerae[12] and
lases, EC 3.2.1.18) hydrolytically cleave the linkage betweeiMicromonospora viridifaciengl3], have been elucidated.
a—glycosidically bound N-acylneuraminic acid derivatives Only the data set for the sialidasesafmonella typhimurium
and the penultimate sugar (Fig. 1). N-acetylneuraminic acid10] is stored in the Brookhaven data bank. Based on the
and a wide variety of variants are often found as terminamentioned evolutionary relationship within this family, the
constituents of oligosaccharide chains in glycoproteins angvailable structural information is employed as a framework
glycolipids serving as recognition or masking sites [4-8]. Theyto concoct a knowledge-based model of the small sialidase
are removed from the glycoconjugates by sialidases whiclef Clostridium perfringensvith a molecular mass of 43 kDa.
are widely distributed not only throughout metazoan animalsSince regions of homology will most likely be centered in
of the deuterostomate lineage, but also among viruses, bathe core structures of related enzymes, the large sialidase of
teria and protozoa, many of which are unable to produce siali€lostridium perfringensvith a molecular mass of 73 kDa is
acids [4]. Remarkably, the enzyme is frequently producediot considered in this study.
by microorganisms, which live in close contact with an ani- At least two sources of error may reduce the level of ac-
mal host, whereby the enzyme may serve as a pathogeniciguracy for the resulting model, namely the precision of the
factor or as an important tool for processing of nutrients [4]calculated predictions by modelling and the occurrence of
To gain insight into the structure/ function relationship thedifferences between crystallographic and solution structures.
knowledge about the evolutionary pathway of sialidaseSince the conditions for crystallization and the crystal pack-
phylogenesis and a comparison of the primary structure oig order may affect the conformation of the protein, the so-
this protein obtained from different sources can be instructution structure will not necessarily be identical. Therefore,
tive. Indeed, the alignment of the sequences of eight bactéhese inherent uncertainties within the modelling approach
starting from data sets of the protein crystal call for collect-
ing experimentally derived inforrtian. Theactual solution
structures are used to improve the reliability of the model,
which is a demanding task for special NMR spectroscopic
methods. Teuniques which provide information on the po-
sitioning of distinct classes of amino acid side chains would
be of assistance to contribute to address the defined issue.
Such a technique with focus on the side chains of tyro-
sine, tryptophan and histidine has been developed, taking
advantage of a radical pair-generating dye [14, 15]. Upon
laser irradiation a CIDNP (chemically induced dynamic nu-
clear polarization) radical reaction takes place in the pres-
ence of e. g. a flavin derivative [14, 15]. In glycosciences,
this special technique has recently been instrumental to prove
the occurrence of conformational changes after desialylation
of human serum amyloid P component with only one invari-
ant carbohydrate chain [16]. Moreover, the involvement of
aromatic residues in the architecture of carbohydrate recog-
nition domains in N-acetylglucosamine-binding lectins in
solution has been documented with this approach [17]. These
studies encourage to employ this technique as a quality con-
trol for knowledge-based homology modelled structures. In
detail, the concomitant calculation of surface accessibilities
of the respective types of side chains, which is possible by
. o . .. performing computer-assisted Connolly surface area assess-
Figure 1. Sialidases hydrolytically cleave the a-glycosidic ment in the three-dimensional model [18, 19], enables a de-

linkage of glycosidically bound sialic acids which are mostly, . . . .
found as terminal constituents of oligosaccharide chains inta”eﬂ c<_)rmpar|isor][ otfhtheste d?t? \:cv'tt: the ok?_tal?ed 2'3NP
glycoproteins and gicolipids. Thesubterminal sugar is results. 1o evajuate the potential of the combination of these

galactose. two independent techniques, we herein report their applica-




448 J. Mol. Model.1996,2

60

NANH_CLOPE MCNKNNTFEKNLDISHKPEPLILFNKDNNIWNSRWVNIQLLNDGTILTFSDI RYNGP 60
NANH_SALTY -TVEKSVVFKAEGEHFTDQKGNTIVGSGSGGTTRPAMCTTSKGTIVVFADRHNTA 59

S 74 0
NANH_CLOPE [DHAYIDIASARSTDFCKTWSYNIAMKNNRIDSTYSRVISTTVITNT---GRIILIAGS 117
NANH_SALTY SDQSFIDTAAARSTDGCKTWNKKIAIYNDRVNSKLSRVIIPTCIVANIQGRETILVMVGK 119

© . 0180
NANH CLOPE V\NTNGNV\AM TTSTRRSDWSVQI\ NKIDLTKDSSKVKNQPSNTIGMBG 175
NANH_SALTY VWNNNDKWGAYRDKAPDTDWDLVISTKODGVTHS-KVETNIHDIVTKNGTISA--M LGG 176

: : 240
NANH CLOPE VGSGIVMDDGTIVMPAQISLRENNENNYYS HYDNGE TVWTMGNKVPNSNEBIMVIE 235
NANH_SALTY VGSGLQLNDGKLVFPVQMVRTKNITTVLNTSEID- G TWSLPSGYCEGFGBINIIE 235
. 300
NANH CLOPE LDGALIMSTRYDYSGYRA DLGTT FIYEPLNGKILTGKGSGCQGSFIKATTSNGH 295
NANH_SALTY FNASLVN--NIRNSGLRRSFHKDEGKTW EFPP-MDKKVDNRNHGVQGSTI-TIPSGNK 291
: 360

NANH CLOPE RIGLISAPKNTKGEYRDNIAVYMIDFDDLSKGVQEICIPYPEDGNKLGGGYSCLSFKNN 355
NANH_SALTY LVAAHSSAQNKNNDWEDI--SLYAHNLYSGEVKLIDAFYPKVGNASGAGYSCLSYRKN 349

: : : Do 1 420
NANH CLOPE ----HLGIVY EANGNIEYQDLTPYYSLINKQ 382
NANH_SALTY VDKETLYVVY¥ANGSIEFQDLSRHLPVIKSYN 381

Figure 2. Sequence alignmnent @flostridium perfringens tions were performed at ExPASy Molecular Biology Server
and Salmonella typhimuriunsialidases. Four Asp boxes and (Geneva University Hospital, University of Geneva, Geneva,
active site amino acids are shown in blue and red, respectivel§witzerland), using SwissModel Automated Protein Model-
(-) is used to present the gaps. ling Server (running at the Geneva Biomedical Research In-
stitute, Glaxo Wellcome Research and Development S.A.,
Switzerland) which which makes use of ProMod (PROtein
tion with respect to theClostridium perfringenssmall ~ MODelling tool) [22-24]. The program is accessible through
sialidase. As an intemal control of both the sensitivity of theinternet browsers like Netscape and e-mail. The alignments
method and the validity of the interpretation, the experimenwere introduced separately into the optimized mode of the
tal examination of deliberately engineered enzyme mutant®rogram.
has been included in the study. These calculations and the The program is comprised of the following model build-
experimental data are also pertinent to answer the questidRg Steps :

to which extent introduction of single-site mutations can af- . Construction of the starting framework from the three-
fect the monitored conformational parameter. dimensional structure ddalmonella typhimuriunsialidase.

. Fitting of the Clostridium perfringensialidase back-
bone onto this framework using primary sequence alignment
Materials and Methods optimized for three-dimensional similarity.

[ll. Reconstruction of loop regions from their 'stems’ by
structural homology searches through the Protein Databank,
as described previously [25].

IV. Rebuilding of missing side chains using a library of
@Ilowed rotamers [26].

V. Optimization of bond geometries and compensation
tAof unfavorable non-bonded contacts by 30 steps of steepest
descent followed by 500 steps of conjugate gradient minimi-
zation using CHARMM (Chemistry at HARvard

A. Knowledge-based homology modelling

The framework for modelling of th€lostridium perfringens
small sialidase structure is provided by the crystallographi
data for the sialidase 8almonella typhimuriufentries 1SIL
and 1SIM in the Brookhaven Protein Databank]. Both Fas
[20] and BLAST algorithms [21] were employed to assess
the scoring level of homology. The next steps of computa*-
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Figure 3. Homology modelling-derived structure of the small Based on the computationally generated model, two tyro-
sialidase of Clostridium perfringens (right) on the basis of sine residues with distinct differences in surface presenta-
the crystal structure of Salmonella typhinwm (left). The tion were chosen for substitution with phenylalanine by site-
first 30 amino acids, which have not been incorporated indirected mutagnesis. As a falner control to evaluate the
the modelling procedure, are shown in magenta. (tyrosinempact of Cys/Ser-substitution on the calculated/measured
residues in red, tryptophan residues in green and histidingparameter, such a mutant was selected.

residues in blue).

B. Site-directed mutagenesis, purification and characteriza-
tion of recombinant enzymes
Macromolecular Mechanics) program [27] with the
PARAM19 parameter set. _ Site-directed mutagenesis, protein purification and enzymatic
_ VI. Analysis of the resulting structure using the 3-D pro- assays were performed, as described in detail elsewhere
file matching procedure [28]. [29,30]. Substitutions are assumed to keep a potential im-

The generation of hydrogen atoms, automatic assignmetgact on conformational aspects minimal. In detail, the fol-
of partial charges of each atom and the solvation of the mokyying mutants were generated:

ecule were accomplished using the Insightll software. A mytant 1: Y336F: mutant 2: Y347F; mutant 3: C349S.
molecular dynamics simulation was carried out for each

molecule using the CVFF (Consistent Valence Force Field)

at a temperature of 300 K with an equilibration time of 20Table 1. Kinetic parameters for the cleavage of methyl-
ps, a production period of 100 ps and an integration step of dmbelliferyl-N-acetylneuraminic acid kthe Clostridium

fs. A cut-off distance of 10 A and a dielectric constarg of  perfringenswild-type sialidase and its three mutants with
4.0 were used in all calculations. single amino acid substitution.

Surface accessibilities of side chains of distinct amino
acids of interest were calculated. The assessment of 'surface'’
command implemented in Insightll pinpoints the accessible
exterior part of the relevant portions of the molecule by

Km (mM) Vmax (%)

smoothening the vader Vals surface with a test sphere Wild type 0.17 100
that displays the average radius of the solvent water (1.5 A)Y336F 0.19 11
The dot density of the spheres which represent the Connolly347F 0.30 0.009

sgrface area wa$gera!ly set tp adug of 1. This dot den- 1C3498 0.16 37
sity guarantees a sufficient distribution of an ensemble o
calculated coordinatealues which represent the surface area.
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Figure 4. Superposition of the starting structure and the Figure 5.The Connolly surface areas of aromatic amino acid
energy-minimized conformations of ten structures obtainedide chains for the wild-type Clostridium perfringens small
by molecular dynamics simulation of Clostridium perfringenssialidase (tyrosine residues in red, tryptophan residues in
small sialidase. green and histidine residues in blue).

C. CIDNP Method Results and Discussion

CIDNP experiments were perfoed at 360 MHz on a Bruker Application of both FastA [20] and BLAST [21] algorithms
AM-360 NMR spectrometer, as described in detail elsewheravith default set of functions implemented in PROMOD vyield
[15-17]. CIDNP was induced by using flavin | mononucle- relatively high scores of similarity between the two bacterial
otide as radical pair-generating dye. Briefly, the light of aenzymes (Fasta optimised score of 558; BLAST score of 202
continuous-wave argon ion laser (Spectra Physics, Mountaiand Poison probability P(N) of 4.3e-21). This result is illus-
View, USA) that operates in the multiline mode with princi- trated by the alignment of the sequences of these two en-
pal wavelengths of 488.0 and 514.5 nm was directed to theymes, as shown in Fig. 2. Owing to an insufficient extent of
sample by an optical fiber and chopped by a mechanical shusimilarity, the N-terminal stretch of amino acid residues and
ter to avoid harmful sample heating. Its operation was contwo C-terminal amino acids of the smalllostridium
trolled directly by the spectrometer. Typical operation con-perfringenssialidase have been excluded from further mod-
ditions were: 1 s presaturation pulse for water suppressiorelling (Fig.3). Thelack of conservation is judged to be an
0.5 s light pulse (5 W), 5 ms RF pulse (90 degree flip angle)indicator that these parts are not crucial for functional as-
1 s acquisition time, and 5 s delay. A number of 16 or 3%ects common to both enzymes. Notably, the alignment con-
light scans gave an adequate signal-to-noise ratio for the testedrves the amino acids which are located in tue Asp
samples. The CIDNP experiments were carried out at pH 6.6oxes and the active site of the enzyme. Considering the ex-
in 10 mM phosphate buffer. The CIDNP effect caused by théent of similarity and the homology score as meaningful in-
Tyr-residues corresponds to a spin-density distribution of thelicators for the decision to perform knowledge-based mod-
intermediate phenoxy radical with strong negative signals o€lling, these results justify to proceed to the calculations,
theg,, €, protons and less intense positive signals fodthe implementing the program steps described in materials and
0, protons. TheCIDNP signals of tryptophan are generated methods. Modelling was performed with the wild-type en-
by an intermediate radical with strong spin density adjhe zyme and the mutants derived from single amino acid substi-
€, and h positions of the indole unit and very small spin tutions. The indiidual sequence alterations in mutant en-
density at the, and{, positions, which all lead to positive zymes primarily affcted their Y values, as shown in Ta-
CIDNP signals. The CIDNP difference spectra of histidineble 1. The K;-values for the substrate methylumbelliferyl-
displays positive singlet signals for protopand protond, N-acetylneuraminic acid is increased for the Y347F sialidase
[15]. and is only slightly affected for the other two mutant en-
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Table 2. Surface accessibilities §f of CIDNP-reactive
amino acid side chains of wild-type Clostridium perfringens
sialidase and its three mutants

wild type Y336F Y347F C349S
residue area SD area SD area SD area SD
Tyr 35 24.7 2.0 12.2 13.3 13.6 4.3 16.0 5.4
57 73.2 9.4 70.2 7.1 65.7 8.0 74.4 9.2
65 54.3 6.6 49.7 9.5 49.2 15.0 55.7 4.5
82 63.9 6.4 43.3 4.5 65.6 5.5 61.6 6.2
95 58.7 1.8 56.1 4.6 87.6 8.4 56.9 8.9
141 19.1 25 29.1 5.7 29.9 5.4 26.5 5.4
203 61.5 4.8 63.0 8.7 41.5 5.8 59.3 5.2
204 41.4 4.7 4.5 5.1 0.6 1.9 22.3 2.7
209 23.4 9.1 26.1 9.7 34.1 14.0 1.8 3.0
246 0.0 0.0 0.0 0.0 1.8 2.3 0.0 0.0
248 25.1 5.3 30.4 4.2 15.6 4.9 17.7 4.0
251 64.2 4.2 52.7 3.9 74.7 13.2 67.7 4.7
255 0.0 0.0 2.1 3.4 0.9 2.7 34.9 5.9
267 17.0 3.7 68.6 5.9 79.6 6.0 345 5.6
310 56.3 5.2 101.2 3.9 34.4 13.5 49.4 10.6
318 25.4 3.3 22.6 3.4 51.1 18.0 24.6 11.0
336 64.8 6.3 Fhkk Fkkk 122.0 8.7 96.5 7.0
347 0.0 0.0 0.0 0.0 Fkkx rxkk 1.1 3.4
361 36.6 3.6 27.3 6.6 36.7 9.0 22.1 6.1
369 40.9 1.0 3.9 3.7 3.1 3.5 14.0 6.1
375 38.8 4.5 91.6 7.1 98.8 9.8 5.3 4.0
376 8.3 8.7 48.8 6.3 71.9 9.6 74.7 5.1
Trp 80 47.4 7.5 26.6 8.9 44.9 7.0 35.1 6.9
118 0.0 0.0 0.2 0.8 2.8 2.5 0.0 0.0
124 59.9 6.1 85.4 7.4 38.5 13.0 106.8 6.1
135 0.0 0.0 14.0 10.9 18.4 4.9 13.8 2.7
149 55.3 3.4 67.2 5.2 45.0 5.2 50.4 4.3
172 3.4 4.1 14.9 4.2 0.0 0.0 10.6 9.8
217 9.4 10.7 1.8 4.0 20.8 4.5 36.4 18.1
264 4.3 4.7 19.9 9.1 16.0 4.5 13.8 6.5
His 63 35.9 4.4 27.9 4.4 33.2 5.0 1.8 3.2
258 64.8 10.9 83.3 6.2 84.3 10.9 83.9 14.9
285 77.1 14.3 75.3 8.6 80.5 6.5 87.5 10.5

356 17.4 9.3 22.8 7.9 7.6 5.7 13.3 5.8
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zymes (Tabldl). Themaximal rate of cleavage, however, is

CIDNP-reactive amino acid side chains of three Clostridiumdecreased in all mutants, i. e. to a level of 37 % (C349S), 11
perfringens sialidase mutants in comparison to the respectivés (Y336F) and 0.009 % (Y347F).
residues of the modelling-derived wild-type structure

residue  wild type A-area A-area A-area
Y336F Y347F  C349S
Tyr 35 247  -125 -11.1 -8.7
57 73.2 -3.0 -7.5 +1.2
65 54.3 -4.6 5.1 +14
82 63.9 -20.6 +1.7 -2.3
95 58.7 -2.6  +28.9 -1.8
141 19.1 +10.0 +10.8 +7.4
203 61.5 +1.5 -20.0 -2.2
204 41.4  -36.9 -40.8 -19.1
209 23.4 +2.7 +10.7 -21.6
246 0.0 +0.0 +1.8 +0.0
248 25.1 +5.3 -9.5 -7.4
251 64.2 -115 +10.5 +3.5
255 0.0 +2.1 +0.9 +34.9
267 170 +51.6 +62.6 +17.5
310 56.3 +44.9 -21.9 -6.9
318 25.4 -2.8  +25.7 -0.8
336 64.8 il +57.2 +31.7
347 0.0 0.0 el +1.1
361 36.6 -9.3 +0.1 -14.5
369 409 -37.0 -37.8 -26.9
375 38.8 +528 +60.0 -33.5
376 8.3 +40.5 +63.6 +66.4
Trp 80 474  -20.8 -2.5 -12.3
118 0.0 +0.2 +2.8 0.0
124 59.9 +255 -21.4  +46.9
135 0.0 +14.0 +18.4 +13.8
149 55.3 +11.9 -10.3 -4.9
172 3.4 +11.5 -3.4 +7.2
217 9.4 -7.6  +114  +27.0
264 43 +156  +11.7 +9.5
His 63 35.9 -8.0 -2.7 -34.1
258 64.8 +18.5 +19.5 +19.1
285 77.1 -1.8 +3.4 +104
356 17.4 +5.4 -9.8 -4.1

The obtained four modelled structures (wild type and three
mutants) were subjected to the molecular dynamics simula-
tion and further minimization prior to the measurement of
surface accessibilities of the three kinds of CIDNP-reactive
amino acid side ltains. The pplied value for the dielectric
constant guarantees a reasonable consideration of the sol-
vent effect (e.g. dumping hydrogen bond forces), as already
shown e.g. in the cases of the oligosaccharide chain of the
ganglioside 9-O-acetyl-GD1a and a galectin-binding disac-
charide (Galbl-2Galb1-R) [31-35]. A production period of
100 ps and an integration step of 1 fs was necessary to pro-
duce reliable trajectories within each simulation. Following
a series of 250 integrations, the actual conformational pa-
rameters were stored. Based on 400 acquired conformations
within the production time, those ten data sets with the low-
est potential energy level were automatically selected and
processed for energy minimization of the complete ensem-
ble using the conjugate gradient method. The starting struc-
ture with the indication for spatial flexibility, as inferred by
the calculations, is shown in Fig. 4.

As already outlined, model building is based on the as-
sumption that sequence similarities of homologous proteins
will translate into equivalent three-dimensional structures.
Moreover, their elucidation by X-ray crystallography anchor-
ing knowledge-based homology modelling is assumed to be
of relevance for structural aspects in solution. Since the ob-
tained structural models will yield detailed predictions on
distinct conformational aspects such as Connolly surface ar-
eas of side chains, the degree of validity of such theoretical
conclusions should be assessable by an adequate experimen-
tal approach such as laser photo CIDNP-technique. By indi-
vidually calculating the surface accessibilities of the princi-
pally reactive residues on the basis of the modelling-derived
data set, compiled in Table 2 and exemplarily illustrated for
the wild-type enzyme in Fig. 5, testable assumptions for the
shape of the CIDNP-spectra are envisaged. It is remarkable
that the calculations for the three mutant enzymes unveil
obvious differences in this conformational aspect (Table 3).
Attributing a similar essential role in thatalytic mecha-
nism for Tyr347, as inferred for the sialidaseSalmonella
typhimurium[10], these data suggest that Phe347 is less suit-
able for this role. Furthermore, substitutions may trigger con-
formational changes affecting the active-site topology. How-
ever, evident changes in surface accessibility are not only
seen forthe Y347F mutant but also for the other Tyr/Phe-
and the Cys/Ser-substitutions. Therefore, these substitutions
do not seem to be close to neutral for this modelling derived
surface accessibilities, which is tested experimentally in the
next step. The analysis of the CIDNP-spectra will allow to
infer the degree of validity for these theoretically attained
conclusions.
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b) 6b, c. These results point to alterations in the surface acces-
Trp/His sibility of a distinct Tyr-residue by conformational

rearrangements induced by the amino acid replacement. In
mutant 1 (Y336F) a tyrosine residue with a remarkably large
surface accessibility area is substituted by a CIDNP-inert
phenylalanine. The detailed comparison of the data sets re-
veals that this substitution is predicted to affect the position-
ing of several side chains, i.e. Tyr82, Tyr204, Tyr267, Tyr310,
Tyr375 and Tpl24 (Table 2, Tabl8). A similar situation
occurs for mutant 2 (Y347F). In this case a completely bur-
ied Tyr-residue has been chosen for the replacement, the re-

B.0 gy 7-0 8.0y 7-0 sulting pattern of changes being non-identical. The impact
on several residues hampers unambiguous interpretation of

) d) ) the spectra.
Trp/His Trp/Ilis The new small Tyr-signal may be attributed to an increase

of surface accessibility areas in bothutantsY336F and
Y347F (Fig. 7). Such a common aréncrease has been pre-
dicted for Tyr267 and even more distinct for Tyr375, as seen
in Table 3. The residueyi267 with an surface area of 17.0
AZin the wild type displays an area enlargement of 52.6 A
for mutant 1 (Y336F) and 62.6%for mutant 2Y347F). Re-
markably, the corresponding Tyr-residue of mutant 3 (C349S)
has an area increment of only 17.5 &d shall not give a
contribution to a CIDNP-signal as similarly inferred for
Tyr375 (Table 3). Theurface area of this residue increases
T T 1 from 38.8 Rto about 52.8 Ain mutant 1 and about 60%f
mutant 2 which raises the expectation for a clearly visible
Tyr-signal.
. ) . The detailed analysis of alterations in surface area above
Figure 6. Laser photo CIDNP difference spectra (aromatic ipe relevant threshold value suggests that theavayr-
part) of the Clostridium perfringens small sialidase: a. Wild- signal intensity should not vary markedly, as actually can be
type enzyme; b. Mutant 1 (Y336F); c. Mutant 2 (Y347F); d.seen in Fig. 6a-c. Among the group of tyrosine residues, in-
Mutant 3 (C349S). creases and compensatory reduction (or vice versa) are fairly
balanced. However, the shape of Tyr-signals in the CIDNP-
spectrum of the C349S mutant vary (Féd). Thesurface
First of all, signals for the targeted side chains should baccessibility area for Tyr375, e.g. in mutant 3, decreases about
observable for the wild-type enzyme (TaBle Therefore, 33.5 & (Table 3).
Clostridium perfringensmall sialidase and the three mutant  Relative to the interpretation of the tyrosine part of the
forms with single-site substitutions are suitable for a CIDNP-CIDNP spectra, the anais of the Tp/His-relevant part is
NMR study directed towards the surface-exposed aromatiaggravated by signal overlap to whickeak Tyrsignals of
amino acids, tyrosine, tryptophan and histidine as sensitivéhed,, 6, protons can even contribute [17].
sensors. According to our CIDNP-studies on hevein-like  Likewise, the CIDNP spectrum of mutant 3 shows pecu-
lectins one can expect to monitor a CIDNP-signal, when thdiarities with two rather stmg Tp/His-signals one at 8.4 ppm
surface accessibility area reaches a level of abové 807 and the other enhanced one at 7.2 ppm @dy. The en-
Residues in the range between 60 and 868hbuld be con- hancement in TrHis signal intensity for mutant 3 can be
sidered to be potentially feasible to generate or contribute toeconciled with an increasgbove the threshold value for
the intensity of the CIDNP signals. When more than one sidelearly visible CIDNP signals (80%fas occurring for His285.
chain of the same type is reactive, the overall signal will beThe surface accessibility area of this residue enlarges from
shaped by the contributions of the individual moieties. Sinc&/7.1 & to 87.5 R. Furthermore, Trp124 has a very high
five Tyr-residues are predicted to have a high surface expossurface accessibility area of 106.8dhly in mutant 3. Al-
tion (Table 2), we can presume that the Tyr-signal in the spedhough an unambiguous assignment for the altered Trp/His
trum of the wild-type enzyme, shown in Fig. 6a, is generatedignals of mutant 3 is not possible, we have nonetheless found
by an overlap. The CIDNP spectra of mutant 1 (Y336F) ancevidence that a Cys/Ser replacement indeed leads to distinct
mutant 2 (Y347F) display no major intensity changes andcthanges in the spectrum, which are reflected in the calcula-
the occurrence of a nesmall Tyrsignal, as shown in Fig. tions (Table 2, Table 3).

Trp/His

Tyr  Tyr
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Figure 7. Side views of the three-dimensional modelout reliably, whether such rather global alterations can affect
structures of the Y336F (left) and Y347F (right) mutants otarbohydrate binding properties.
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