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ABSTRACT. Equine lysozyme is a calcium-binding lysozyme and an evolutional intermediate between non-
calcium binding c-type lysozyme arntlactalbumin. We constructed a chimeric protein by substituting
the fluctuating loop of bovine-lactalbumin with the D-helix of equine lysozyme. The substitution affects
the protection factors not only in the fluctuating loop but also in the antipargdeet, the A- and
B-helices, and the loop between the B-helix and@tsheet. Amide protons in these regions of the chimera
are more protected from exchange than are those of bavdaetalbumin. We used model-free analysis
based on'>N nuclear magnetic resonance relaxation measurements to investigate the dynamics of the
main chain of the chimera and showed that the fluctuating loop of the chimera is as rigid as three major
helices. When we analyzed the chemical shift deviations and backboréiMBtalar coupling constants,

we found that the chimera showed arhelical tendency in residues around the fluctuating loop. Our
results suggest that the replacement of a highly fluctuating loop in a protein with a rigid structural element
in a homologous one may be useful to stabilize the protein structure.

o-Lactalbumin §-LA) is a mammalian C&-binding
protein that plays an important role in the biosynthesis of ‘)l(\/\
lactose. The attachment afLA to $-galactosyl transferase
results in a complex, lactose synthetase, which catalyzes the _
production of lactose from UDP-galactose and glucdse ( fﬁﬁ,‘fﬁf‘;w
2). On the other hand, c-type lysozyme is a ubiquitous lytic
enzyme that degrades the peptidoglycan of bacterial cell
walls. The two functions are quite different, bantl A and
c-type lysozyme are homologous proteins that are presumed
to have diverged from a common ancestor because of
similarities in primary structure, gene sequence, and three-
dimensional structure3¢6). While most lysozymes cannot
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Table 1: Amino Acid Sequences of Equine Lysozyme (ELZ), Bowrkactalbumin {-LA), and Chimeric Protein (BLAELZ)

D-Helix
ELZ D P K G M S A W K109 A W \% K H 114 C K D K
Bovinea-LA D K \Y G | N Y W 105 A H K A L 110 C S E K
BLAELZ D K \Y G | N Y W K105 A W \% K H 110 C S E K

Fluctuating Loop (D-Helix)

@ The residues of the D-helix and fluctuating loop are shown in bold type.

in bovineoa-LA, whereas it adopts a loop structure in goat Conventional two-dimensional (2D) NMR spectra, i.e.,
and guinea-pigi-LA (10). In humana-LA, both structures double quantum filtered correlation spectroscopy (DQF-
are observed in the residues 1411 at different pH values  COSY) 2), total correlation spectroscopy (TOCSY23(
and temperatures. However, it has been shown that the24), nuclear Overhauser effect spectroscopy (NOE29) (
crystals of both forms appear at pH 6.5 and room temper- 26), and conventionaPN-edited spectra, i.etH—N HSQC
ature, suggesting the highly fluctuating structure in the (27),'H—'N TOCSY-HSQCH—N NOESY-HSQC 28),
Trp104-Cys111 regionl@). Nuclear magnetic resonance and HNHA @9), were acquired. AltN-edited spectra were
(NMR) studies of bovine, human, and guinea pig A have gradient-enhanced. The NOESY and TOCSY mixing times
shown that peaks for residues in the 330 region are  for all measurements were set at X@D0 and 80 ms,
either broadened or absent fréht—'°N heteronuclear single  respectively. Sweep widths of 8000 Hz were used for the
quantum coherence (HSQC) specttd)( This observation  1H and 1800 Hz for thé®N dimensions, with the carrier
suggests the conformational exchange on a millisecond tofrequency set at the water resonance (4.687 ppm). Data sets
microsecond time scale. Therefore, the D-helix (residues for 1N-edited TOCSY and NOESY experiments were
105-110) of a-LA is referred to as a fluctuating loop. In  typically composed of 5124d) x 128 (H) x 64 (5N) of
contrast, the corresponding region (residues—10B4; D- 16 or 8 scans. Data sets for 2D DQF-COSY, TOCSY, and
helix) in c-type lysozyme forms a rigid-helix (6, 13, 14). NOESY experiments were typically composed of 10%4)(
Furthermore, the amide-hydrogen exchange studies of c-typex 512 ¢H) of 32 to 64 scans, and for HSQC the data sets
lysozymes indicated that the amide protons of the D-helix were composed of 1024H) x 512 ¢5N) of 32 scans, with
exchange slowly in contrast to the rapid amide hydrogen a sweep width of 8000 Hz for th#d and 3600 Hz for the
exchange in the fluctuating loop ofLA (12, 15-18). We 15N dimensions. All proton chemical shifts were referenced
therefore considered it intriguing to investigate how insertion to methyl resonance of 4,4-dimethyl-4-silapentane-1-sulfonic
of the D-helix of c-type lysozyme inta-LA would affect acid (DSS), used as an internal standard. ®hechemical

the structure and stability @f-LA (19). In the present study,  shift was indirectly referenced by using the ratios 0.101 to
we investigated the structure and stability of a chimera, 1H of the zero-point frequencies. Data processing was
BLAELZ, in which the amino acid sequence of the fluctuat- performed on a Silicon Graphics Indy work station using
ing loop (residues 165110) comes from equine lysozyme the program packages NMR Pip&0f and XEASY @1).

?ggb'tlgelr)emamder of the sequence comes from bawibé Hydrogen/Deuterium Exchang&he hydrogen exchange
' rate measurements of BLAELZ were carried out using a 0.6
EXPERIMENTAL PROCEDURES mM sample of uniformly**N-labeled BLAELZ. The ex-
change was initiated by dissolving lyophilized protein in 280
Production of the ChimeraMutations were made as 4L of D-O di—acetate buffer containing 2 mM CagGit a
described previously20) and were verified by sequencing direct pH meter reading of 6.3. HSQC spectra were collected
the entire mutated genes. The chimeric protein was expressedt 500 MHz at 20°C evey 3 h for 3 days. Data sets of all
and purified as described previouslg2l). In short, the ~ NMR spectra for hydrogen exchange measurements were
chimeric protein was expressed fscherichia coliBL21 composed of 512'f) x 128 (*N) of 32 scans and a sweep
(DE3) as inclusion bodies. Uniforml§N-labeled protein ~ width of 8000 Hz for the'H and 1800 Hz for the"N
was obtained by growing the cells in M9 medium containing dimensions. The hydrogen exchange rates were determined
15\H,Cl as a sole nitrogen source. Cells were lysed by as described previoushi®).
sonication, and the insoluble fraction was solubilized in 8 15\ NMR Relaxation Measuremenkgeasurements of the
M urea and then loaded onto a DEAE-Sepharose column.|ongitudinal {T;) and transverseTp) relaxation times and the
The column was eluted with a linear gradient of NaCl in heteronuclear nuclear Overhauser effects (NOEs}nif
the presence of 6 M urea. The partially purified protein was nuclei were carried out as described previougg) (All
diluted and Oxidatively refolded by dlalyzmg the protein spectra were processed and ana|yzed using NMR B@e (
solution against a refolding buffer without urea. The oxidized and PIPP :63) The peak intensities of each Cross_peak ina
protein was purified by reverse-phase high-performance series of 2D NMR data were extracted using NMR Pipe
liquid chromatography (HPLC). based on the peak position defined by the contour averaging
NMR SpectroscopNMR spectra were acquired at 20 algorithm with the program PIPP. A series of extracted
on JEOLa-500 and Bruker DMX500 spectrometers. Sample intensity profiles of each cross-peak was used for the
solutions for multi-dimensional NMR were obtained by calculation of theT; and T, relaxation times, using a single-
dissolving BLAELZ in 90% HO/10% D,O. The protein exponential model function. The steady-stéte-1>N NOE
concentration was-11.5 mM, the pH was adjusted to 6.3, values were determined from the ratios of the intensities of
and CaC] was added, bringing the concentration to 2 mM. the peaks with and without proton saturation.



Helix Exchange between a-Lactalbumin and Lysozyme Biochemistry, Vol. 41, No. 46, 20023809

~ 102.0
o - 104.0

36 —

-]
= 106.0
. ~ 108.0
53 o
L] & -

= 110.0

o
¢ 3‘"‘ l * - 1120
P _

- 3 qg : 114.0

v

’ .;3 : 116.0
i i ‘,3 &‘% & 33% a,, K :IISDE
¢ j ¥ ‘ - 120.0 Z

32; s % :122.()

% ia«; v w‘si : 124.0

k] ]Q °° % 5 B

. " - 126.0

AP

wgla. e ¥ : 130.0

132.0

1.8 1.4 110 106 102 98 094 90 86 82 78 74 7.0 66 62 58

'H (ppm)

Ficure 2: HSQC spectrum of BLAELZ at pH 6.3 and 2@, including backbone assignments. Assignments of the backbone resonances
for most residues are indicated in the figure; others are omitted for clarity. The indole amide protons of tryptophan residues are indicated
by W.

Model-Free AnalysisModel-free parameters were ob- Table 2: Exchange Rate Constants of Trp Indofé Rtotons of
tained using the FORTRAN program Modelfree (provided BLAELZ and ELZ

by A. G. Palmer) according to the protocol described by BLAELZ? ELZb
Palmer et al.34). The optimization of the overall rotational ko Ko
correlation time,rn,, was repeated until it came to the Trp26 11x 102 Trp28 1ax 107
convergencedd). _ _ _ _ Trpl04  6.5x 10 Trp108 1.0x 10°
Differential Scanning CalorimetryDifferential scanning Trpl07 3.3x 10°° Trplll 1.4x 1075

calorimetry (DSC) measurements were carried outon a MC-2" apy 6.3, 20°C (from this study)® pH 4.5, 25°C [from ref 16].
microcalorimeter (MicroCal, Inc., Northampton, MA) ata cIns.

scan rate of 1.0 K/min. The protein concentrations for DSC
measurements were 9236 M. Buffer solutions contained study except for some residues, including those near the
10 mM borate buffer (pH 8.0), 50 mM NaCl, and 1 mM g ,c1;ating loop (2). This indicates that the overall structure
CaCp. Unfolding temperatureTg,), calorimetric enthalpy ¢ gl AELZ is similar to that of bovineo-LA.

(AHca), and van't Hoff enthalpy AH.y) were determined Amide Hydrogen Exchange of the Chimeric Protaie

from the DSC curves using Origin software (MicroCal, InC.). - neasyred the rates of solvent exchange of amide hydrogen
RESULTS atoms in the native state of BLAELZ by recordifig—°N
HSQC spectra as a function of time following dissolution
NMR Assignments of the Chimeric Proteihe *H—5N of the protein in RO at pH 6.3 and 20C. Exchange rates
HSQC spectrum of BLAELZ at 20C is shown in Figure 2.  were determined for 71 amide hydrogen atoms of the protein
The resonances are well dispersed, showing that BLAELZ main-chain and for the side-chain indole hydrogen of Trp26,
has well-defined tertiary structure. Backbote and >N Tprl04, and Trp107. The other amide protons exchanged
resonances of 120 of the 123 residues were assignedoo rapidly to be monitored. To compare the hydrogen
sequence-specifically by analyzing three-dimensional (3D) exchange properties of BLAELZ with those of boviad A
IH—1N NOESY-HSQC andH—!*N TOCSY-HSQC spec- and ELZ, the protection factoP(= kin/kex), defined as the
tra. Gradient-enhanced 3D TOCSY-HSQC and NOESY- ratio of the exchange rates experimentally determined and
HSQC spectra provided the necessary through-bond andintrinsic for the amide proton39), was determined for
through-space correlations respectivedg-( 38). Backbone individual amide protons as described previoudl®)(
IHo, *HN, and N chemical shifts of BLAELZ were in As has been observed previously for bovine and human
excellent agreement with those of bovind A in a previous o-LAs and ELZ, the residues with highly protected amide
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Table 3: Coupling Constan#syn 1. and Chemical Shift Index Analysis of BLAEIZZ

No. 1 10 20 30 40
AA E Q L T K CE VF RELI KDLI KGYGGVYV SLPEWVCTTT FHTSGY DT QA
CSI B BB P @ c a a a a a ¢ a a ¢ a B a B a ¢ B a ¢ ¢ ¢ B a @ a a ¢ a a ¢ a B «a
i, Ha c ¢ ¢ a a c a a o« c a c B o a a [ a c B a B a
A-helix 310 B-helix
No. 50 60 70 80
A A I VQ NNDS TE Y GULYF QI NNIKI WCKUDUDW QNZPHS S S NI CNTI S CDKF
CSI B B B B ¢ ¢ B B o B ¢« o a ¢ B ¢ B a B B ¢ a o P B B a a a a a B B B a a P
Ui Ha c B c ) a B o ¢ B a ¢ a B c ¢ a a
p-sheet B-sheet B-sheet
No. 90 100 110 120
A A. L DDDULTDUDTI MCUVIKI KIULDI KV GI NYWI KA AWV KHT CSEIZ KLUDWOGQWLC
CSI BB ¢ B B a a ¢ ¢« B o ¢« o a a o B B B B a a B B a a BB B B a B a a ¢ B a
N Ha a B B «a c a o a o o o c a o a c ¢ a ¢ ¢
C-helix Fluctuating loop 310

AA E K L
CS1 B ¢ ¢

*JeiN Ha B B

2 Coupling constant&Jyn nq are represented by charactets:3Jun o < 6.0 [Hz]; ¢, 6.0< 3Jun, 1o < 8.0 [Hz]; andB, 3Jun, ve = 8.0 [Hz]. In CSI
analysis: o, chemical shift differences —0.1 [ppm]; ¢,—0.1 < chemical shift difference< 0.1 [ppm];3, chemical shift difference= 0.1 [ppm].
A blank means that the signal was not detected or could not be analyzed.

Fluctuating protection was observed in the fluctuating loop of bovine

A-helix 3w B-helix [fshect C-helix bop 3y
-

7 m— = o-LA (12). Highest protection (lo® > 7) is observed at

the Trpl04 residue just proximal to the fluctuating loop
6 (Figure 3); the protection factor of Trp104 in bovinel A
.l is less than 190(12).
The rate constants for Trp indolesNorotons are shown

in Table 2. High protection from hydrogen exchange is
observed for the N protons of three Trp residues, Trp26,
104, and 107 in BLAELZ. The N protons of the other two
residues, Trp60 and 118, exchange too rapidly to be used as
probes.
Chemical Shifts and BackboR& 1, Coupling Constants
The chemical shift deviations from random coil valudg)(
are shown in Table 3. The chemical shift deviations were
Residue Number obtained by subtraction of random coil values fréhi
FiGURE 3: Protection factor versus amino acid residue number. 'Co0NaNCeS of BLAELZ._We analyzed md_él chemical shifts
Locations secondary structure elements are indicated in the figure.0f 115 out of 123 residues. Another index of backbone
secondary structure, HNH® scalar coupling constant29),
protons are observed in both the and S-domains of 8JuNHe, IS also shown in Table 3. We also analyzed the
BLAELZ (Figure 3). In thea-domain of BLAELZ, high 3JunHo coupling constants of 62 out of 123 residues. The
protection against hydrogen exchange is observed for amidechemical shift deviations andyn e cOupling constants are
protons in the A- and B-helices. Amide protons in the C-helix represented by the charactexs 5, and ¢ €, o-helical
exhibit much higher protection factors compared with those tendencyj, 3-sheet tendency; and c, disordered tendency).
in the rest of thea-domain of BLAELZ. This pattern is  In the fluctuating loop, three residues, Val108, Lys109, and

Log (Protection Factor)

e A T
10 20 30 40 50 60 70 BO 90 100 1100 120

somewhat similar to that observed for boviaeLA in a His110, show ana-helical tendency in*Junna. coupling

previous study 12). As has been observed previously for constants. Trp107 and Lys109 representoahelical ten-

bovinea-LA, no protection is observed in residues-6AL dency in the chemical shift deviations.

of BLAELZ. Polypeptide Chain Dynamics of BLAELRelaxation rates

There are significant differences in the hydrogen exchange measured for th&N nuclei were used to obtain insights into
protection exhibited by BLAELZ and bovine-LA (Figure the dynamics of the polypeptide backbone of BLAELZ. The
3). High protection from hydrogen exchange was observed relaxation rate$; (=1/T1) andR, (=1/T,) and the hetero-
in the fluctuating loop of BLAELZ; residues Alal06 and nuclear'tH—°N NOE were measured for the cross-peaks in
Trpl07 are significantly protected from exchange. No the!H—5N HSQC spectra. To investigate the dynamics of
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Ahelix 3o Bbelix  Prsheet Cohelin ™=t 3, DISCUSSION

) - — o - —

. * Slow rates of amide hydrogen exchange are associated
15 | ¥ 4

e ¥ with shielding of amide protons from solvent, and slow
LAY A S 'S '.:.‘-,,-..'. ~ | exchanges most commonly result from hydrogen bonding
' - e interactions of the amide protons. The hydrogen exchange
s o behavior of both bovine and humanLA in the native state

has been reported previously and has shown that no protec-
tion from exchange is observed for residues in the fluctuating
8 loop of a-LA (12, 17). Our present results show that the
7L B substitution of the fluctuating loop in bovireLA with the
6L i D-helix in ELZ affects the hydrogen exchange behavior of
St ] o-LA in the fluctuating loop (Figure 3). The backbone amide
‘3‘ - ] protons of Trpl04, Alal06, and Trpl07 of BLAELZ are
2
1
0

Ry 1)

10 20 30 40 50 60 70 80 90 100 110 120

Rex (57)

significantly protected from exchange, indicating the presence
| H i | of structure around the fluctuating loop of BLAELZ (Figure
LT Ii L il l 1 3). Alal06 and Trp107 are located in the fluctuating loop,
10 20 30 40 50 €0 70 80 90 100 10 120 and Trpl04 is just proximal to the fluctuating loop (Table
C 1). High protection from exchange in the fluctuating loop
- 8 apns® o, A T S of BLAELZ is similar to that observed in the D-helix of
B A -"-1-..“ P e N "= ELZ (15, 16).
06 - ) ' There are other significant differences in the hydrogen
04 | exchange protection exhibited by BLAELZ in this report and
0a L . bovinea-LA in a previous study12). For instance, although
. S no protection is observed around the C-terminglhlix in
10 20 30 40 50 60 70 & 90 100 110 120 the wild-type bovine or humaa-LA (12, 17), Asp116 and
Residue number Glu121 near the C-terminakg@helix show high protection
FIGURE 4. !N relaxation data and model-free parameters for factors in the BLAELZ molecule (Figure 3). Higher levels

i';ﬁﬁ;zhu(ﬁ)bﬁrfzgtaﬂg tgl)a 1[%?:2822r\?atﬁés(;;{:rjl)a?e%alf?:ﬁn of protection are also observed for the amide protons in the

T, T», and NOE are plotted against amino acid residue numbers. antiparallel-sheet and A- and B-helices of BLAELZ than
were observed previously for bovinelLA (12). Moreover,

Table 4: Thermodynamic Parameters for the Unfolding of Bovine ~ the substitution results in increases of protection factors

SZ

a-LA and BLAELZ in 10 mM Borate Buffer (pH 8.0), 50 mM around the loop region between the B-helix and antiparallel
NaCl, and 1 mM CaGl B-sheet (Figure 3); bovine-LA has no residue showing a
Bovinea-LA BLAELZ protection factor around the same region. Previous study of
Tm (°C) 59.19 64.13 the hydrogen exchange behavior of ELZ has shown that the
AHca (kcal mol?) 57.84+0.27 65.8+ 0.19 B-helix and the loop between the B-helix gftigheet exhibit
AHyy (kcal mot?) 66.2+ 0.38 70.8+ 0.26

remarkable protection factord®). High protection from
hydrogen exchange is observed for thé ptotons of three
Trp residues, Trp26, 104, and 107, in BLAELZ (Table 2).
Furthermore, we observed NOE cross-peaks between side
chain protons (Fland H) of Val21 and N! protons of Trp26
and Trpl07 (Figure 5); this observation suggests that the
B-helix comes in close proximity with the introduced D-helix
(Figure 6). Three Trp residues and Val2l in BLAELZ
correspond to Trp28, 108, 111, and Tyr23 in ELZ, which
are buried in the interior of the ELZ molecule and form a
rigid hydrophobic core X5, 16). Therefore, the overall

the polypeptide chain, model-free analysis was performed
for 89 out of 123 residues as described previoud§).(The
overall rotational correlation time;,, was estimated to be
8.39+ 0.012 ns.

TheR; values, the chemical exchange teRg, and order
parametersS, derived from the analysis of the relaxation
data are shown in Figure 8%). There is no significanRex
term around the fluctuating loop (Lys105 to His110). The
< values are greater than 0.8 for the majority of residues.
The N and C termini show substantially lower order o :
parameters than do other region of the protein. Low order structural stabilization ob-LA caused by the D-helix of
parameters® < 0.8) were observed for the residues Asn45, ELZ may be due to §truc't ural interactions of the inserted
Ser47, Glu49, and Leul15, indicating the high mobility of D-helix with the B-helix (Figures 3 and 5 and Tables 2 and
the backbone on a picosecond to nanosecond time S&le ( )-

Differential Scanning Calorimetry of BLAELEVe inves- Chemical shift deviations and scalar coupling constants
tigated the thermal stability of BLAELZ using DSC and are useful for investigating protein conformatiod®),(42).
compared it with that of bovine-LA. Unfolding tempera- Coupling constants3Jun na, and chemical shift deviations
ture, calorimetric enthalpy, and van't Hoff enthalpy are of BLAELZ support the conformational similarity to bovine
summarized in Table 4. These unfolding parameters of a-LA (5,9, 10). As described in Results, the residues in the
bovinea-LA are similar to those reported previousilj. fluctuating loop of BLAELZ have am-helical tendency, as
TheT, value of BLAELZ is higher than that of bovineLA, judged by both chemical shift deviations afdgn n.. These
indicating that the thermal stability of BLAELZ is higher results suggest that the fluctuating loop of BLAELZ adopts
than that of bovinex-LA (Table 4). an a-helical structure.
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P B ¢ Table 5: Averaged Order Parameters of the Fluctuating Loop and

Three Helices in BLAELZ

sequence averag&

A-helix 5-11 0.934
B-helix 23-34 0.944
C-helix 86-98 0.949
fluctuating loop 105110 0.938

')
0

0 i

AL

— — flexible on the millisecond to microsecond time scale than
the corresponding regions in bovine-LA. The order
parameters¥) show that there is no significant motion on

a picosecond to nanosecond time scale in the B-helix and
the 105-110 region of BLAELZ (Figure 4C).

We investigated the dynamics of BLAELZ by model-free
82 analysis derived from thé°N relaxation data (Figure 4).
Figure 4 shows that the 168.10 region in BLAELZ has
R, values similar to those for other structural elements in
= the a-domain and there is no significafy term around
g § the fluctuating loop. The broadening and/or absence of cross-
1653 o 04 peaks for the 105110 region in the HSQC spectrum of
W26H®  v21  W107 HY bovine o-LA probably reflect conformational exchange in
'H (ppm) bov]ine a-l__A (|12). r‘}l’hesel rers]ultlse 5slu(§gge§t tha}t Bt[lereLiZs no
e s . conformational exchange in the region o ,
er?dU(RS 2hd?4trl?§Nt?k§3§rycms“§csg?spe'\étﬂosﬁgxirﬁsﬁfn&s in contrast to bovineo-LA (43). Therefore, our results

between side chain protonsAldnd H) of Val21 and side chain  indicate that the substitution of the fluctuating loop in bovine
NH protons of Trp residues.HH¢ and H—H< NOE connec- o-LA with the D-helix in ELZ decreases the mobility on

tivities are shown by solid and dotted lines, respectively. A mixing the millisecond to microsecond time scale in the residues
time of NOESY spectrum is 100 ms. 105-110. Generally, the order paramete®) (reflect the

A T4 706 mobility of the polypeptide on the picosecond to nanos_econd

| < time scale 43). The order parameters of the substituted

region of BLAELZ are all higher than 0.8, suggesting rigid
structure in the 105110 region on the picosecond to
nanosecond time scale. Averaged order parameters for the
_ His107 fluctuating loop and majoa-helices are given in Table 5,
indicating that the fluctuating loop is as rigid as the A-, B-,
and C-helices. Average® values of the fluctuating loop of
BLAELZ are comparable with those of the D-helix in hen
egg white lysozyme44).

Studying the effects of amino acid substitutions on the
structure and stability of a protein is useful for understanding
how the protein is stabilized. Most attempts to investigate
the properties of proteins have employed a single mutation
or only a few mutations, which typically produce minor
Egg;;rﬁ; ?é;ln?hz-gﬂﬁ%s géizoxgggzczﬂgurﬂgéﬁe\)r:ﬁ ee%lieigﬁ: o changes in structure. We have shown that the substitution

) : ; ‘of the fluctuating loop in bovine-LA with the D-helix in
The figure was generated using the program MOLM@B)( ELZ increases the protection factors throughout the protein

Previous study has shown that the cross-peaks frommolecule (Figures 2 and 3). Therefore, the D-helix in ELZ
residues Thr30, Thr33, Ser34, and His107 located in the affects the stability of other structural elements, and this
B-helix and the fluctuating loop of bovine-LA are much  effect is responsible for the higher stability of BLAELZ than
weaker than cross-peaks from residues located in otherpovine a-LA (Table 4 and Figure 5). Our results suggest
regions of the protein and that there are no cross-peaks arisinghat the replacement of a highly fluctuating loop in a protein
from Leul05, Lys108, and Alal09 in the HSQC spectrum ith a rigid structural element in a homologous protein
of bovine a-LA, since these peaks are broadened beyond provides a new tool for engineering a novel protein. The

detection. The broadening and/or absence of cross-peaks fo{;se of a chimeric protein may be one of the ways to construct
the B-helix and the ﬂUCtuating |00p in bovieLA prObany multifunctional and/or modified proteinsl

reflect the dynamic structure on a millisecond to microsecond

time scale £2). In contrast, we could observe all resonances ACKNOWLEDGMENT

in the B-helix and the fluctuating loop of BLAELZ in the

IH—15N HSQC spectrum illustrated in Figure 2. Most of the ~ We thank Dr. Shin-ichi Tate of the Japan Advanced
residues in the B-helix and the fluctuating loop show intense Institute of Science and Technology (JAIST) for his valuable
cross-peaks, and thus these regions in BLAELZ are lesssuggestions regarding model-free analysis.
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