
ARCHIVES OF BIOCHEMISTRY AND BIOPHYSICS

Vol. 344, No. 1, August 1, pp. 125–132, 1997
Article No. BB970202

Secondary Structure of Recombinant Human Cystathionine
b-Synthase in Aqueous Solution: Effect of Ligand
Binding and Proteolytic Truncation1

Aichun Dong,*,2 Vladimir Kery,† James Matsuura,‡ Mark C. Manning,‡
Jan P. Kraus,† and John F. Carpenter‡
‡Department of Pharmaceutical Sciences, School of Pharmacy, and †Department of Pediatrics, School of Medicine,
University of Colorado Health Sciences Center, Denver, Colorado 80262; *Department of Chemistry
and Biochemistry, University of Northern Colorado, Greeley, Colorado 80639

Received February 25, 1997, and in revised form May 13, 1997

change in the enzyme, which did not result in a change
in overall composition of secondary structural contentThe secondary structural composition and sub-
based on quantitative analysis of FT-IR and far-UV CDstrate-induced conformational changes of recombi-
spectra. q 1997 Academic Pressnant human cystathionine b-synthase (CBS) in aque-

Key Words: cystathionine b-synthase; secondaryous solution have been investigated in its full-length
structure, FT–IR; CD.form (tetramer of 63-kDa subunits) by Fourier trans-

form infrared (FT-IR) and circular dichroism (CD)
spectroscopies. In addition, structural comparison of
a proteolytic truncated form (dimer of 45-kDa sub-
units) to that of the full-length enzyme has also been Cystathionine b-synthase (L-serine hydrolyase, EC
carried out. Second-derivative and Fourier self-decon- 4.2.1.22) (CBS)3 deficiency is the leading cause of homo-volutional enhanced infrared spectra revealed amide cystinuria in humans (1). CBS catalyzes the first stepI band components ascribed to b-sheet (1689, 1638, and

of homocysteine transsulfuration by conjugating homo-1627 cm01), a-helix (1658 cm01), b-turn (1679 and 1668
cysteine and serine to form cystathionine, which is sub-cm01), and unordered (1651 cm01) structures in the
sequently converted into cysteine and a-ketobutyratespectra of the full-length enzyme. Quantitative analy-
by cystathionine g-lyase (1). Pyridoxal 5*-phosphate issis of FT-IR and CD spectra reveals that the full-length
a cofactor of CBS for these reactions (2), and S-adeno-enzyme consists of about 48–53% b-sheet, 25–30% a-
sylmethionine an allosteric activator (3). Recently,helix, 8–10% turn, and 10–19% unordered structures.
cDNA encoding rat and human CBS have been cloned,Under constraint of the spectroscopic data, theoretical
and the amino acid sequences have been deduced (4,prediction of locations of these secondary structural
5). Independent comparisons of inferred amino acid se-elements using Garnier’s method shows that human

CBS may contain a b-sheet/a-helix/b-sheet core struc- quences of rat liver CBS and the so-called ‘‘hemoprotein
ture. Second-derivative spectrum of the truncated en- H-450’’ from rat liver to O-acetylserine (thiol)-lyase
zyme exhibited all the major spectral features that are from Escherichia coli have revealed a 52% sequence
present in the full-length enzyme, indicating a preser- homology (4, 6). Subsequent direct comparison has re-
vation of the core structure of the enzyme. Significant vealed that the cDNA sequence of CBS was identical
differences were observed between the infrared spec- to that of hemoprotein H-450. Both rat and human liver
tra of the enzymes with or without the substrate, ser- enzymes contain oxidized (Fe3/) heme b which appears
ine, indicating a substrate-induced conformational to be essential for maintaining the active structure of

the enzyme and its activity (7).
The mammalian CBS is a tetrameric protein with1 This work was supported in part by National Science Founda-

identical subunits of 63 kDa. Multiple forms of thetion Grant BES9505301 to J.F.C., by the Faculty Research and
Publications Board, University of Northern Colorado to A.D., and
by Colorado Institute for Research in Biotechnology Graduate Fel-

3 Abbreviations used: CBS, cystathionine b-synthase; FT-IR, Fou-lowship to J.M.
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126 DONG ET AL.

water vapor must be subtracted accurately from the protein spectrumnative enzyme from 240-kDa tetramers to large
in the 1800 to 1500 cm01 region regardless of the baseline (gaseousmultimers have been isolated (8). Early observations
water subtraction) and criterion 2, a straight baseline must be obtainedshowed that proteolysis of CBS in liver extract converts from 2000 to 1750 cm01 (liquid water subtraction)] and procedures

the native tetrameric enzyme of 63-kDa subunits into (12, 13). The resultant spectrum was smoothed with a 7-point window
Savitsky–Golay function to remove the white noise. Infrared second-active dimers of 48-kDa subunits (9). A fully active
derivative (IR-SD) spectra were obtained with the derivative function ofdimeric form with 45-kDa truncated subunits has also
Omnic software (Nicolet). The inverted second-derivative spectra werebeen prepared from the full-length enzyme by proteo-
obtained by factoring by 01 and then curve-fitted as described pre-

lytic digestion with trypsin. Enzyme assay has shown viously (14). Fourier self-deconvolution (FSD) analysis was carried out
that the specific activity of the truncated 45-kDa en- by the method of Kauppinen and colleagues (15, 16) with a half-band-

width (full-width at half-height) of 20 cm01 and an enhance factor (Kzyme is twice as large as its parent enzyme.
value) of 2.7. The resultant spectrum was then curve-fitted by theLittle is known about the secondary structural com-
method of Susi and Byler (17).position of either the full-length enzyme with 63-kDa

Circular dichroism measurement and spectral analysis. The CDsubunits or the truncated form with 45-kDa subunits
spectra were measured with an Aviv 62DS Spectrometer (Lakewood,

due to technical difficulties encountered during crystal- NJ), equipped with a thermoelectric temperature control unit. All
lization of the proteins. However, some progress has temperatures were regulated to within 0.17C. Spectra were recorded

at 257C with 1-mm quartz cells. The protein concentration was 0.1been made in the crystallization of truncated enzyme
mg/mL, in 50 mM phosphate/D2O buffer (pH 8.6, direct reading).(Kery and Kraus, unpublished data). Considering the
Background spectra were recorded under identical experiment condi-likelihood of crystallographic analysis of the crystalliz-
tions. The difference spectrum was generated by subtracting the

able truncated dimer rather than the full-length form, background spectrum from the corresponding protein spectrum. The
it is important to make a structural comparison of these spectra were deconvoluted using PROSEC program described pre-

viously (18).two forms of CBS. In the present study, we have ana-
Theoretical analysis of cystathionine b-synthase secondary struc-lyzed comparatively the secondary structures of the

ture. Theoretical analysis of the secondary structure of the full-full-length and truncated recombinant human CBS
length CBS was carried out using previously described algorithmsand their ligand-dependent conformational changes by
(19) with the aid of PC-Gene software (Intelligenetics, Mountain

FT-IR and CD spectroscopies. View, CA) at Colorado State University. The decision constants em-
ployed in the Garnier secondary structure prediction for a-helix, b-
sheet, turn, and unordered structures were 030, 0125, 0, and 0,MATERIALS AND METHODS
respectively.

Cloning and expression of full-length human CBS. The full-length
enzyme was prepared, isolated, and purified in a H2O-based buffer as
described previously (10). The expression vector pAX50 (U.S. Biochemi- RESULTS
cal Corp.) in E. coli XL-1 blue MR (Stratagene) were used. The enzyme
was expressed with b-galactosidase as the fusion partner and precipi- Assignments of amide I band components. Figure 1
tated from the crude cell lysate with ammonium sulfate. Human CBS presents the infrared spectrum of the full-length CBSwas cut off from the fusion protein by endoproteinase Xa (USB Life

(oxidized form) in 50 mM phosphate/D2O buffer, to-Sciences Research Products) and purified to homogeneity by DE-52
column chromatography as described previously (10). The percentage gether with its FSD and IR-SD spectra. The smooth-
of heme saturation was measured spectrophotometrically according to ness and featurelessness of the nonstructural region
the method of Berry and Trumpower (11). between 1900 and 1720 cm01 in the IR-SD spectrum

Truncated form of CBS. Truncated 45-kDa enzyme was obtained indicates a successful elimination of the spectral contri-
by trypsinolysis of the fusion protein b-galactosidase—human CBS

butions of water vapor, which can be present in thefor 30 min at 377C in 10 mM Tris–HCl, pH 8.0. The w/w ratio of
infrared radiation path even under extensive dry airtrypsin to the fusion protein was 1/100. Further purification of the

truncated form was performed as described for the full-length en- purging (13). The full-length enzyme exhibits an amide
zyme. I band maximum near 1640 cm01 indicating a predomi-

Sample preparations. Hydrogen–deuterium exchange was car- nantly b-sheet structure (12–14, 17, 20).
ried out by dialyzing a concentrated CBS sample against 50 mM Two infrared band contours assignable to the amide
phosphate/D2O (99.9 atom% D, Sigma) buffer (pH 8.6, direct read-

II and amide II* vibrations are observed near 1569 anding). The dialysis buffer was replaced four times in 48 h. The final
1455 cm01, respectively. The amide II band arisesconcentration of CBS was about 3 mg/mL. For the serine-binding

experiment, a concentrated serine in D2O solution was added to CBS mainly from an out-of-phase combination of N–H in-
sample, prior to FT-IR measurement, to a final concentration of 4 plane bending and C–N stretching vibrations of pep-
mM of serine. tide linkages (21) and is sensitive to the exchange of

Infrared measurement and spectral analysis. Infrared spectra of hu- hydrogen to deuterium on protein backbone (17, 20,man CBS were measured at 257C with a Magna-IR Model 550 spectrom-
22). The amide II* band at 1455 cm01 is the isotopiceter (Nicolet), equipped with a dTGS detector. CBS solutions for infra-
product of H–D exchange of the amide II band. Thered measurements were loaded into a IR cell (Beckman FH-01) with

CaF2 windows and a 50-mm path length. For each spectrum, a 512- coappearance of the amide II and amide II* bands is
scan interferogram was collected in single beam mode with a 4 cm01

apparently a result of incomplete H–D exchange on
resolution and Happ–Genzel apodization. Reference (buffer only) spec- the protein backbone.tra were also recorded as a 512-scan interferogram under identical

Both FSD and IR-SD analyses reveal similar amidescan conditions. Protein spectra were obtained according to previously
established subtraction criteria [criterion 1, the bands originating from I spectral patterns, in which six band components near
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127SECONDARY STRUCTURE OF CYSTATHIONINE b-SYNTHASE

FIG. 1. Infrared spectra of oxidized human CBS in 50 mM phos-
phate/D2O buffer (pH 8.6). The amide I*, amide II, and amide II*
bands are observed near 1640, 1569, and 1455 cm01, respectively.
The Fourier self-deconvoluted and second-derivative spectra were
obtained from the original spectrum as described under Materials
and Methods.

FIG. 2. The curve-fitting of inverted second-derivative spectra of
the full-length CBS with or without 4 mM serine. The curve-fitting1689, 1679, 1658, 1651, 1638, and 1627 cm01 are visu-
procedure was carried out as described under Materials and Meth-

ally identifiable. An additional band component near ods, and the resultant parameters are listed in Table II.
1668 cm01 is revealed by the curve-fitting analysis (Fig.
2). On the basis of earlier infrared studies of other pro-
teins (12–14, 17, 20), the band components at 1689,
1638, and 1627 cm01 can be assigned to b-sheet, the
band near 1658 cm01 to a-helix that is not affected by
H–D exchange, and the bands at 1679 and 1668 cm01

to b-turn structure.
Assignment of the 1651 cm01 band is complicated by

the fact of incomplete H–D exchange at backbone of
the CBS. It has been known that the frequency of amide
I component arising from an a-helical structure may
downshift about 6 cm01 from about 1656 cm01 in H2O
to near 1650 cm01, when the protein is transferred into
a D2O solution (17, 20). Under this circumstance, the
a-helical band could overlap with the band arising from
unordered structure, which locates at 1648 { 2 cm01

in H2O (12, 13) and 1645 { 4 cm01 in D2O (17, 20).
Thus, the band component near 1651 cm01, in this case,
is better assigned to a combination of a-helical struc-
ture affected by H–D exchange and unordered struc-
tures. The weak bands below 1620 cm01 have been gen-
erally assigned to the side-chain vibrations of amino

FIG. 3. Comparisons of the second-derivative spectra of the full-acid residues (23).
length 63-kDa and truncated 45-kDa enzymes. Solid line, full-lengthTruncated enzyme. Figure 3 presents an overlay of 63-kDa enzyme; broken line, truncated 45-kDa enzyme. The two

second-derivative spectra of the truncated 45-kDa en- spectra are normalized to the same intensity at their maxima for
easier comparison.zyme and its full-length 63-kDa parent in the amide I
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128 DONG ET AL.

contribution has been subtracted from the spectrum of
CBS–serine complex.

Serine binding does not alter the overall secondary
structural composition of the enzyme (Table I). Human
CBS, with or without bound serine, consists of 50–53%
b-sheet, 38–40% a-helix/unordered structure combina-
tion, and 7–10% turn. However, significant spectral
differences in regions ascribed to a-helix, unordered,
and b-sheet structures were observed, indicating a sub-
strate-induced conformational change in the enzyme.
Since the enzyme used in the experiment was deuter-
ated prior to serine binding, spectral changes in the
conformationally sensitive amide I region observed
after addition of serine should result from the enzyme–
substrate interaction, not from the changes in enzyme
deuteration. The specificity of the serine-dependent
changes was confirmed in a control experiment when
serine was substituted by threonine, in which no spec-
tral changes were observed (data not shown). The ab-
sorption redistribution between two bands at 1658 andFIG. 4. Comparisons of the second-derivative spectra of the full-
1651 cm01 upon serine binding suggests that the sub-length CBS with or without 4 mM serine. Solid line, CBS without
strate-induced conformational changes involves a spa-serine; broken line, with 4 mM serine.
tial rearrangement of a-helices between the two states.
The larger band area under 1658 cm01 in the serine-
bound state may result from stronger interactions

region. The two spectra have been normalized to the among a-helices.
same intensity at their maxima for easier comparison.

Far-UV CD spectra. Figure 5 shows the far-UV CDWe like to point out that a direct spectral comparison
spectra of the truncated 45-kDa enzyme and its full-between the truncated 45-kDa dimeric form and its
length 63-kDa parent. Figure 6 shows the far-UV CDfull-length 63-kDa tetrameric parent can be misleading
spectra of full-length CBS with or without 4 mM serine.due to the obvious differences in their molecular weight
The far UV (180–250 nm) CD spectra, which indicateand association patterns. However, important informa-
the overall secondary structural composition of the twotion can be obtained from qualitative comparison focus-
proteins, suggest there are similar structures for theing on the major spectral patterns. The second-deriva-
two CBS forms. The intensity at 222 nm is slightlytive spectrum of the truncated enzyme shows all major
greater for the 63-kDa protein, usually indicating aamide I band components that are present in the spec-

tra of the full-length enzyme with the exception of the
band component near 1627 cm01. This result suggests TABLE I
that the core structure of CBS is preserved well in the Secondary Structural Composition of Full-Length Human
truncated enzyme, which is consistent with the obser- Cystathionine b-Synthase as Estimated by Infrared and
vation of a full enzymatic function of the truncated Circular Dichroism
enzyme.

Secondary structure (%)Serine-induced changes in conformational dynamics
of CBS. To see whether substrate-binding affects the

State a-Helix and Ua b-Sheet Turn Methodconformation of the enzyme, we carried out detailed
spectral comparisons, quantitatively as well as qualita- No serine 39.3 53.2 7.5 IR–SDb

tively, of the full-length CBS in the presence and ab- 40.3 48.1 11.6 FSDc

a25/U19 50 6 CDdsence of 4 mM serine (Figs. 2 and 4). For quantitative
With 4 mM serine 39.7 52.9 7.4 IR–SDanalysis, the curve-fitting procedure was performed on

39.1 48.0 12.9 FSDboth the FSD spectra by the method of Susi and Byler a25/U19 50 6 CD
(17, 20), and the inverted IR-SD spectra by the method
of Dong et al. (14). The overall secondary structures of a U, unordered, due to effect of H–D exchange, the contents of a-

helix and unordered structures cannot be individually determinedCBS estimated from the two independent quantitative
by infrared methods.methods are summarized in Table I. Only the inverted b Infrared second-derivative, the method by Dong et al. (14).second-derivative spectra with curve-fitting are shown c Fourier self-deconvolution, the method by Kauppinen et al. (15,

in Fig. 2 and the resultant parameters for individual 16) and Susi and Byler (17).
d Deconvoluted using PROSEC, the method of Yang et al. (18).components are listed in Table II. Serine absorptional
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129SECONDARY STRUCTURE OF CYSTATHIONINE b-SYNTHASE

TABLE II

Assignments and Relative Areas of Deconvoluted Infrared Amide I Components
of Full-Length Human Cystathionine b-Synthase in Aqueous Solutiona

CBS CBS / serine

Area (%) Area (%)
v v

(cm01) IR–SD FSD (cm01) IR–SD FSD Assignment

1627 8.9 9.8 1627 4.9 7.6 b-sheet
1638 43.1 37.2 1638 46.8 39.0 b-sheet
1651 22.2 23.4 1651 14.1 14.3 a-helix / unordered
1659 17.1 16.9 1658 25.6 24.8 a-helix
1668 3.1 4.4 1670 3.8 5.3 turn
1679 4.4 7.2 1679 3.6 7.6 turn
1689 1.2 1.1 1688 1.2 1.4 b-sheet

a The band components below 1620 cm01, which arise from side chain vibration, are not included in calculation.

higher helix content. However, the crossover wave- Garnier predictions. This was done by choosing Gar-
nier decision constants for each individual secondarylength for the 45-kDa fragment is blue-shifted and the

intensity at 195 nm is higher, features that also corre- structural component of CBS which corresponds to the
average of decision constants derived previously forlate with higher a-helix content (24, 25). Consequently,

deconvolution gives similar helix contents of approxi- other proteins containing similar amounts of that par-
ticular structure (19). Under the constraint of the cho-mately 20–25%. Similarly, the b-sheet contents were

both near 40%. Together, the CD spectra are consistent sen decision constants, the Garnier method predicted
a composition of 50.0% b-sheet, 28.8% a-helix, 9.9%with the FT-IR data, indicating that the 45-kDa frag-

ment has a similar overall secondary structure compo- turn, and 11.0% unordered structures from human
CBS amino acid sequence (5). Twenty-two strands ofsition relative to the larger 63-kDa enzyme.
b-extended structure, containing more than 5 aminoTheoretical locations of the secondary structural ele-
residues, and 11 strands of a-helix, containing morements. Figure 7 shows the theoretically predicted lo-

cations of the b-sheet, a-helix, turn, and unordered
structural elements by the algorithm of Garnier and
colleagues (19). FT-IR and CD-based secondary struc-
tural data of full-length CBS was used to constrain the

FIG. 5. Far UV–CD spectra of the truncated 45-kDa form and full- FIG. 6. Far UV–CD spectra of human CBS in the presence and
absence of 4 mM serine in 10 mM Tris–HCl buffer, pH 8.6, containinglength 63-kDa CBS in 10 mM Tris–HCl buffer, pH 8.6, containing

150 mM sodium chloride. Solid line, truncated 45 kDa enzyme; bro- 150 mM sodium chloride. Solid line, without serine; broken line, with
serine.ken line, full-length 63-kDa enzyme.
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130 DONG ET AL.

FIG. 7. Secondary structure of human CBS predicted by the Garnier’s method as constrained by the FT-IR and CD-based secondary
structural compositions. Under the constraint of the chosen decision constants, 50.0% b-sheet, 28.8% a-helix, 9.9% turn, and 11.0% unordered
structures were predicted from human cystathionine b-synthase amino acid sequence. XXX, a-helix; ---, b-sheet;úúú, turn; ***, unordered.
The positions of truncation are indicated by arrows.

than 8 amino acid residues, were predicted. The alter- band components arising from highly ordered struc-
native distribution of b-extended strands and a-helices tures such as a-helix and b-sheet. Generally, the bands
suggest that CBS may contain a b-sheet/a-helix/b- ascribed to a-helix are located at 1656 { 2 cm01 in H2O
sheet structural domain. media and red-shift to lower wave-number near 1650

cm01 in D2O media. The band component ascribed to
high-wave-number b-sheet components are located atDISCUSSION
1694 { 5 cm01 in H2O media and red-shift to 1675 {Amide I band assignments of CBS. It is a well-
5 cm01 in D2O media (12, 17). In practice, however,known fact that the infrared amide I band frequency
these general rules may not be applicable to a givenof a protein generally shifts to a lower wave-number
protein. For example, the bands ascribed to the high-as the protein is transferred from a H2O medium to a
wave-number b-sheet component for concanavalin AD2O medium, due to the isotopic effect of hydrogen to
(26), C-reactive protein, and serum amyloid P compo-deuterium exchange at the N–H groups of the protein
nent (27) were not significantly affected by H-D ex-backbone (17, 20, 22). Assignments of amide I band
change. The lack of isotopic effect on b-sheet-relatedfrequencies to protein secondary structural elements
band frequencies is likely due to low extent of deute-have been established empirically for proteins in H2O
rium exchange in b-sheet structures. Similarly, themedia (12) as well as in D2O media (17, 20). However,
bands near both 1656 and 1650 cm01 can be assignedthe interpretation of infrared data of an individual pro-
to a-helical structure in D2O media (17, 20). A low ex-tein in D2O medium may not be straightforward. This
tent of H–D exchange at a-helices of the protein canis because of a strong dependence of deuterium-induced
also affect the frequency shift of the band componentamide I band red-shift on the extent of H–D exchange
ascribed to a-helix. As indicated by the coappearanceat the protein backbone and on the nature of secondary

structures. This dependence is especially strong for the of amide II and II* bands (Fig. 1), deuteration of the
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131SECONDARY STRUCTURE OF CYSTATHIONINE b-SYNTHASE

full-length CBS is apparently incomplete even after 48 the truncated 48-kDa enzyme resembled those of the
63-kDa parent and it was active (8). Our FT-IR andh dialysis against D2O buffer at room temperature.

Therefore, we tentatively assign the band at 1689 cm01 CD spectroscopic analysis supports the suggestion that
the core structure of the truncated form retains allto high-wave-number b-sheet component and the band

at 1651 cm01, in part, to a-helical structure. main features of the parent enzyme.
Although the use of D2O as a protein solvent may Secondary structure of CBS. Quantitative analysis

complicate infrared amide I band assignments, D2O is of both FT-IR and CD spectra has revealed that human
a good alternative solvent especially when the solubil- CBS contains 48–53% b-sheet, 40% a-helix/unordered,
ity of a given protein is below 15 mg/mL, as is the case and 7–13% turn. The content of a-helical structure
of CBS. Due to the low absorbance of D2O in amide I cannot be determined accurately from FT-IR spectra
region (12), a large path length (50 mm) IR cell can be as a result of incomplete H–D exchange. However, un-
used to produce a high signal-to-noise ratio spectrum der the constraint of the chosen decision constants, a
with a relatively low concentration of protein. We theoretical prediction using the algorithm of Garnier
should point out that procedures involving repeated and colleagues (19) gives a 29% a-helix, which is simi-
lyophilization of protein in D2O media (28) or deutera- lar to the value of 25% of a-helix estimated from the CD
tion at higher temperature (29) have been used to over- spectra. Quantitative analysis by the infrared second-
come the problem of incomplete protein deuteration. derivative method gives an accurate percentage esti-
Such a procedure was not used in our study to avoid mate ({5%) of secondary structural compositions of the
possible protein denaturation. It is known that lyophili- proteins (12). For example, Caughey and colleagues re-
zation could result in an irreversible denaturation of ported in 1993 that bovine cytochrome c oxidase con-
labile proteins (30, 31). tains about 61% a-helix and 13% b-sheet structures

(33), and later the X-ray crystallographic analysisSubstrate-induced conformational change. Protein
showed that it contains about 58% a-helix and 9% b-conformational changes induced by binding of sub-
sheet (34, 35). Dong and colleagues reported in 1994strate or ligand are common for many proteins (12, 32).
that calcium-bound human C-reactive protein containsIn the case of CBS, its overall secondary structural
about 9% a-helix and 45% b-sheet structures (27), andcomposition was not altered significantly by the bind-
later the X-ray crystallographic analysis showed thating of serine. This is evidenced by the lack of differences
it contains about 5% a-helix and 42% b-sheet struc-in far-UV CD spectra of CBS with or without 4 mM
tures (36).serine as well as the quantitative analysis of FT-IR

There are two noteworthy spectral characteristics forspectra (Table I).
the CBS. First, only a small amount of turn structureHowever, comparison of the second-derivative infra-
(7–13%) was estimated from FT-IR and CD spectra.red spectra of the full-length CBS with or without ser-
This value is much less than the average value (32%)ine has revealed significant changes at regions ascribed
for turn structure found in 29 other globular proteinsto a-helix and b-sheet structures (Figs. 2 and 4). These
(37). Second, the band assigned to high-wave-numberchanges resulted mainly from the absorbance redistri-
b-sheet component accounts for only about 1% of thebution between bands assigned to same group of sec-
total amide I band area, while 48–53% of the total areaondary structure: a-helix (1658 } 1651 cm01) and b-
is assignable to b-sheet structure. It has been known,sheet (1638 } 1627 cm01) (Table II). We interpret these
theoretically and practically, that the high-wave-num-spectral changes as a substrate-induced conforma-
ber b-sheet component associates specifically with thetional change involving a spatial rearrangement of sec-
antiparallel b-sheet structure (12, 21) and the area ra-ondary structural elements without a change in overall
tio of high/low wave-number b-sheet components is 10–secondary structural composition. One of the advan-
20% for proteins with an antiparallel folding (13, Pro-tages of the infrared spectroscopy in the conformational
tein Infrared Database4) and similar amount of b-sheetstudy of proteins is that it has greater capacity to detect
structure as the full-length CBS. Putting these twosuch structural rearrangements than by CD spectros-
characteristics in perspective, we speculate that CBScopy. A total of 14 band frequencies can be identified
contains predominantly parallel b-sheet and a smalland assigned to various secondary structural compo-
amount of antiparallel b-sheet. The a-helices, as wellnents in the amide I region of IR spectra of proteins
as turns, may serve as structures to connect the paral-(13), while only 4 major spectral patterns can be identi-
lel b-sheet structures. The theoretically predicted loca-fied in the far-UV CD spectra of proteins (24, 25).
tions for these secondary structures seems to agree

Truncated human CBS. The truncated CBS was with this view. As shown in Fig. 7, the full-length CBS
first isolated and characterized by Kraus and col- may contain 11 strands of a-helices with more than 8
leagues (8). The enzyme was cleaved in the liver extract
by a trypsin-like protease to the size of 48 kDa, which
dimerized to 94 kDa in the native form. Similar to our 4 Part of the Protein Infrared Database can be obtained at the web

site: http://www.univnorthco.edu/chemist/aichun/irdata.htm.45-kDa truncated product, the UV–VIS spectrum of
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